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ABSTRACT
Saukkonen, Juha
Towards dynamic knowledge management in technology-based SMEs
Jyväskylä: University of Jyväskylä, 2020, 113 p. + included articles
(JYU Dissertations
ISSN 2489-9003; 241)
ISBN 978-951-39-8192-1 (PDF)
Small- and medium-sized companies (SMEs) have an important role in net job
creation in modern society. A cohort within SME sphere, technology-based
companies, are special in their potential to employ, grow fast and internationalize.
Simultaneously, those companies experience volatility in technology, markets
and competition that exposes to the risk of devaluation of the knowledge they
possess. Since the knowledge can be defined as an organization’s ability to act
efficiently in its environment, capabilities in managing knowledge are vital for
SMEs’ survival and growth.
Various frameworks and models have been presented by the research
community to depict the construct of knowledge management (KM). Mainstream
of research has derived KM models from large corporations and thus focused on
applicability in those contexts. These models have a limited applicability in
resource-constrained SME context. To focus even further, KM frameworks for
technology-based SMEs have been scarce.
The existing KM frameworks developed have not embedded timemoderated dynamics, i.e. the evolution of knowledge and its management over
time. In addition, the dynamics between knowledge stakeholders needs to be
connected into the frameworks for research and practice. This study aims via
multimethod approach at shedding light on how a framework of dynamic
knowledge management could be constructed to enlarge the knowledge on the
subject area for both research and practice.
The findings indicate how the contents and actions in knowledge management
in technology-based SMEs change over altering states of development. The work
summarizes these findings by proposing an integrative framework for dynamic
knowledge management and proposes hypothetical practical instantiations of
the framework.
The frameworks created should be seen as early steps in creating new
knowledge in an understudied field. For the practitioner community the thesis
aims at helping to identify the state of development of the assets in technology
business SMEs’ knowledge portfolios and to choose approaches and actions that
allow them to create, protect, disseminate and exploit knowledge more efficiently.
Keywords: knowledge, management, change, growth, dynamic

TIIVISTELMÄ (ABSTRACT IN FINNISH)
Saukkonen, Juha
Kohti dynaamista osaamisen johtamista teknologialähtöisissä PK-yrityksissä
Jyväskylä: University of Jyväskylä, 2020, 104 s. + alkuperäiset artikkelit
(JYU Dissertations
ISSN 2489-9003; 241)
ISBN 978-951-39-8192-1 (PDF)
Pienillä ja keskisuurilla (pk-)yrityksillä on tärkeä tehtävä nettotyöpaikkojen luomisessa nykyaikaisessa yhteiskunnassa. Eräs pk-yritysten kohortti, teknologialähtöiset yritykset, erottuu potentiaalillaan työllistää, kasvaa nopeasti ja kansainvälistyä. Samanaikaisesti nämä yritykset elävät teknologian, markkinoiden ja kilpailun suhteen epävakaassa ympäristössä, mikä altistaa ne olemassa olevan
osaamisen arvon nopealle laskulle. Koska osaaminen voidaan määritellä organisaation kykynä toimia tehokkaasti ympäristössään, osaamisen johtamisen kyvykkyydet ovat elintärkeitä pk-yritysten selviytymiselle ja kasvulle.
Tutkimusyhteisö on luonut lukuisia viitekehyksiä ja malleja kuvaamaan
osaamisen johtamisen (Knowledge Management, KM) rakennetta ja prosesseja.
Mallit on pääosin johdettu suurista yrityksistä kerätyn datan avulla ja keskittynyt
siten soveltuvuuteen tässä kontekstissa. Näillä mallit soveltuvat vain osin resursseiltaan rajoittuneisiin pk-yrityksiin. Vielä tarkemmin fokusoiden, teknologiapohjaisten pk-yritysten osaamisen johtamiseen suuntaava tutkimus on ollut vähäistä.
Nykyiset mallit eivät sisällä aikaperustaista dynamiikkaa, osaamisen ja sen
johtamisen muutosta ajan myötä. Lisäksi osaamisen johtamisen sidosryhmien
välinen dynamiikka on liitettävä tutkimuksen ja käytännön viitekehyksiin. Tämän tutkimuksen tavoitteena on tutkimusaluetta monimetodisesti lähestyen
tuoda esiin, kuinka dynaaminen osaamisen johtamisen kehys voitaisiin rakentaa
laajentamaan aihealueen tietämystä sekä tutkimuksen että käytännön tarpeisiin.
Tulokset osoittavat, että teknologiapohjaisten pk-yritysten osaamisen johtamisen ja hallinnan sisältö ja toimenpiteet muuttuvat osaamispääoman kehitysvaiheiden myötä. Työssä tehdään tiivistelmä nämä havainnot ehdottamalla integroivaa kehystä dynaamiselle osaamisen johtamiselle ja siitä johdettuja käytännön sovelluksia.
Luotu malli ja sen sovellukset tulisi nähdä varhaisina vaiheina uuden tiedon luomisessa alitutkitusta aihealueesta. Mallit auttavat tunnistamaan teknologialähtöisten pk-yritysten osaamissalkun osatekijöiden kehityksen tila ja valitsemaan lähestymistavat ja toimet, joiden avulla yritykset voivat luoda, suojata, levittää ja hyödyntää osaamistaan tehokkaammin.
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FOREWORD
This dissertation is the final milestone of one research journey that took many
years and contained both stages when the work flowed nicely as well as some
doldrums, times when the researcher’s sails were not filled with tailwind. But
never was it boring.
I want to express my utmost gratitude to my supervisor Dr. Professor Pekka
Abrahamsson for the commitment and support he showed to my work in all its
stages. Prof. Abrahamsson was able to guide my effort both with encouragement
and with clear practical advice when it was needed. Throughout the process he
was both serious, involved and able to make me enjoy the numerous turns of the
journey. It is fair to say that in my research process I did not only learn about the
subject area of my study, but also a great deal of stewardship and tutoring of
students in their individual efforts. Also the courses I took at JYU and INFORTE
network, taught by the leading experts in their fields, widened and deepened my
views of the subject areas my work was contributing to. While writing this
dissertation I had the pleasure to be part of the Start-up Lab community of
University of Jyväskylä, headed by Dr. Abrahamsson. The youthful team there
was a great environment to get inspired and – hopefully –inspire others.
My research work was also greatly supported by my employer, JAMK
University of Applied Sciences as well as the Foundation for Economic Education
in Finland. Both institutions saw my project worth supporting and made it
possible for me to focus to research with their investments to time for research
and to monetary support. My supervisors and colleagues at JAMK, Dr. Asta
Wahlgrén and Mr. Matti Hirsilä at the helm, were interested and encouraging
throughout the whole process. They provided courage as well supported my
study efforts by allowing me to dedicate fully to research work at times.
Using the terminology of arctic and antarctic explorers, the most
demanding format of exploration is an “unsupported solo”. Luckily, I did not
have to go for that option. I started my baby steps in research while working at
M-real group, and the curiosity and open mindedness of people in the research
unit of the company attracted me originally to rejoin the world of academic
research, while still being involved in business line operations. As can be seen in
the author lists of the original articles making this dissertation, collaboration with
people sharing my interests was vital in making my research to happen. When
designing the research plans, turning them into action and reporting the findings,
we were learning together and teaching each other, and strengthening our
friendship at the same go. Therefore, I want to thank the co-authors of the articles
included in this dissertation, as well as the co-authors of other works that do not
have a place in this publication but had an important role in developing me as a
researcher.
Naturally, people outside the research community directly and indirectly
contributing to my growth and work are numerous, but naming them all is just
impossible in this given space. My teammates from organizations I have worked
for, my teammates from sports and the people who started moulding me back in

our high school years have been important enablers to the work you are reading
now. You may not find your names in this publication, but without your trust
and support this research would never had taken place.
My original research topic in the early 2000s concerned the changes in value
networks. As we know by now, I never completed that. Perhaps I was reluctant
for a reason: I have been blessed with being surrounded by people with right
values all my life. I have been privileged to get encouragement and guidance
from my late grandparents, my mother Eeva-Maija and my late father Keijo as
well as from siblings Tero and Ullamari and their families. We are all unique, yet
united and able to support each other with our own best knowledge and
resources.
The biggest and warmest thanks go to my lovely wife Lilli, who has been
firm in her faith in my ability to complete the work I started and has given me
the energy that was needed to reach the finishing line of my doctoral studies. Her
unconditional love is worth more than can be expressed in words. Last but
definitely not least, our children Sini, Samu, Sanni and Sonja have been my
important teachers in life, and the joy and pride they bring me every day is the
type of the fuel every researcher needs to fly high and land safely. Writing these
last chapters was by far the best part of the doctoral work, so let it make a nice
ending to the foreword.
Jyväskylä 15.8.2020
Juha Saukkonen
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1 INTRODUCTION
This chapter orientates the reader to the study by providing a view on why the
chosen research area is of importance and interest as well as identifying the
research gaps. These gaps present a quest for added knowledge - a base on which
the author has built his own research objectives and questions. The author also
defines and describes the units of analysis of this study, technology-based SMEs
and describes how that context is somewhat distinct concerning knowledge
management. To conclude the chapter the structure of the thesis is presented.

1.1 Motivation for the study
The importance of a firm´s ability to manage its knowledge has been recognized
both in research and in practice over the last decades. One often quoted (e.g.
Atwood, 2009) expression of the need and difficulty of mastering knowledge is
from then-CEO of Hewlett-Packard Lewis E. Platt: “If only HP knew what HP
knows (we would be three times more productive)”. Interestingly, Platt was
elaborating on an issue Peter Drucker brought up 40 years prior to Platt. Drucker
coined the move towards the information era in the term of “knowledge work
(Drucker, 1957)”. He continued his line of thought some 10 years later with the
definition of a “knowledge worker” (Drucker, 1969) and another 30 years later
with a statement that the most important single asset of 2000s for any institution
is to make that knowledge worker more productive (Drucker, 1999).
Just as knowledge is a core asset for modern companies generally, economic
development is dependent on the birth, success and growth of companies that
can leverage on knowledge. The importance of SMEs’ role in job creation has
been recognized in various studies across contexts (e.g. Decker, Haltiwanger,
Jarmin and Miranda, 2014; Yazdanfar and Öhman, 2018). In the Finnish context
a company is categorized as a SME if it employs less than 250 people, has an
annual turnover of less than 50 million Euros or has a balance sheet less than 43
million Euros (Finnstat, 2020). In addition, the SME should be independent i.e.
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there is no single non-SME owner possessing 25 % or more of the share capital.
SMEs constitute over 99 per cent of European business and are increasingly
recognized as a job creation engine for Europe (Mandl and Ledermaier, 2017).
SMEs may also be more resilient to low tide in macro environment than larger
firms (Ando and Kimura, 2017).
Furthermore, the growth oriented SMEs that are based and dependent on
knowledge and technology form a specific sub-segment among SMEs in terms of
growth and wealth creation. SME population is heterogeneous and not all of
SMEs contribute equally to employment growth. Several company elements
(external and internal) influence the capability of job creation behavior of SMEs
(Mandl and Ledermaier, 2017). Technology SMEs differ significantly from their
more conventional counterparts in industries. Their presence indicates a
significantly more favorable and longer-term impact on regional and national
economies and labor market development (Keeble and Wilkinson, 2000). A
study on EU-level shows that the less technology-intensive SMEs have faced
sharper drop in their ability to employ in the low turns in economic cycles
(Muller et al, 2015). According to OECD report SMEs and young firms that
experience rapid growth impact significantly on employment creation and
productivity growth, via their own innovations, heavy investments in the
development in human capital and by creating new demand for advanced
products and services. They also create knowledge spillovers of which other
enterprises can benefit, and have effect on development of local entrepreneurial
ecosystems (Cusmano, Koreen and Pissareva, 2018).
The choice of the technology-based SMEs as units of analysis in this study
is justified by various viewpoints. Firstly, abovementioned societal importance
of these companies motivates the research. Secondly, from the academic point of
view, knowledge management (KM) has been extensively studied in large
company settings. Corporate-type of companies have multiple divisions,
departments as well as specific knowledge management related tasks, jobs and
departments. There is smaller volume of research on how the KM concepts and
processes are utilized in SMEs. The research community do has identified KM in
SMEs to have its own challenges compared to the larger firms (Coehoorn, Van
den Lustgraaf and Röling, 1991; McAdam and Reid, 2001; Calvo-Mora, NavarroGarcía, Rey-Moreno and Perianez-Cristobal, 2016; Strobel and Kratzer, 2017).
Twongyirwe and Lubega (2018) conclude their review of previous KM research
and model building for SME settings stating that innovative concepts, practices,
technologies and methods in KM over the past two decades, have mostly focused
on creation of dynamic knowledge repositories and exploitation of knowledge in
large enterprises. Hence research had contributed to the understanding of the
KM phenomena, however with limited emphasis in decision making in SMEs.
Thirdly, since prior studies have indicated SMES to lack resources and process in
managing knowledge in an efficient way, an increased understanding of the issue
area is likely to have practical implications. Shin, Park, Choi and Choy (2017)
state that the knowledge resource of a new firm increases the chances of
survival and short-term success, so improvements in KM action pay off for
newborn SMEs.
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An update to the KM for SMEs frameworks is likely to be of need in the fast
clock speed context where these companies operate (Fine, 1998). In addition,
similar research setting has not been present in Finnish studies. The empirical
data for this dissertation is coming from Finnish SMEs. Saarenketo, Puumalainen,
Kuivalainen and Kyläheiko (2004) studied knowledge management issues
among Finnish high-tech SMEs, but their work was focused on learning
processes related to knowledge, and did not create a wider framework for KM in
technology-based SMEs.

1.2 Research objective and research questions
This thesis set out to address the stated research gaps and thus contribute to the
accumulation of knowledge in the fields of knowledge management, growth
management, SME management and technology business. The findings
potentially contribute to the managerial processes and decision-making in the
target population – technology-based SMEs.
Mårtensson (2000) proposed that KM in organizations could be studied
from three different perspectives: Focusing on knowledge held by individuals
within organization, having knowledge itself as the center of interest or
alternatively from the knowledge-based theory of the firm. This study does not
see these angles as mutually exclusive: A modern firm needs to understand the
nature and amount of knowledge it possesses as well as how the individuals and
their cooperation within intra- and inter-organization arenas contribute to
the KM.
The specific intention and interest of this research culminates in the concept
of dynamic knowledge management. In technology business, management faces
uncertainties and volatilities related to knowledge creation and acquisition
(Kauffman, Liu and Ma, 2015). As a consequence of these volatilities timelines of
individual products and solutions have shortened across industries (Trinkfass,
2013; Sabadka, 2013; Prostean, Prostean, Zeidert and Filip, 2018; Khan, Mittal,
West and Wuest, 2018). Knowledge and its management have life cycles
(Diakoulakis, Georgopoulos, Koulouriotis and Emiris, 2004). Taking these
volatilities and uncertainties in account, research of time-dependent change of
knowledge management processes in SMEs rather than depicting a static crosssectional view is defendable. The definition of moderation states that a
“moderator is any variable that affects the association between two or more other
variables; moderation is the effect the moderator has on this association”
(Dawson, 2014). In this study time and dynamic states of SME developments are
seen as such moderators on KM in technology-based SMEs, directing the search
for knowledge to depict a non-static framework.
The value and competitive position of a firm´s knowledge is not absolute
but relative to the knowledge possessed by its competitors and to the future
changes in the technology landscape. As Adomavicius, Bockstedt, Gupta and
Kauffman (2008) comment, a problem for firms in their technology decisions is
15

to understand the effects of future technological advances on the value of
present technologies. Similarly, Kauffman, Lobo and Macready (2000) address
the question of how a current position of a firm in regards to the landscape of
technological possibilities constrains or facilitates search for further technological
improvements. Therefore, knowledge management in technology-based SMEs
by definition should be non-static over time, and future-oriented – i.e. dynamic.
The other element of knowledge dynamics is concerned with how a firm acquires,
disseminates, transfers and exchanges knowledge across intra- and interorganizational boundaries.
Research objective
This study aimed at creating a proposal for a new framework for dynamic
knowledge management in the cohort of companies in scope, technology-based
SMEs. New insights in the KM modelling were recognized to be of need, since
the models produced by earlier research had gaps in addressing the critical
element of time in them. In addition, earlier frameworks had a limited
applicability to the scope of this study. Hence, the objective was to fill the gaps
identified and contribute to the theory development in knowledge management
via the framework proposal as well as to offer tools for knowledge management
among practitioners.
Research questions
The resulting research question driving the thesis is:
RQ

How to manage knowledge in technology-based SMEs?

To be able to answer the main question RQ as well as to elaborate on the answer
for practical contributions, this dissertation aims at answering the following subquestions:
RQ1 What are main driving forces and intervening factors to knowledge
management in the technology-based SMEs?
RQ2 How do the intended outcomes and contents of the knowledge management
process change over time in the growth trajectory of technology-based SMEs?
RQ3 What developments can be proposed for a dynamic knowledge management in
technology-based SMEs?

1.3 Relationships of the included articles and their contribution
to the whole
This dissertation proceeds by first examining the extant literature on the core
areas of knowledge related to the phenomenon under study that gets then
reflected in the initial KM framework that the author set to elaborate on. The
empirical and conceptual contributions of individual articles are introduced and
the summative conclusions and findings combined produce the key contribution
16

of the thesis – a proposal for a framework of dynamic KM in technology-based
SMEs and its instantiations.
This thesis includes six original articles, each one adding with its specific
focus (Figure 1) contributions to the research objectives. One of the articles
(Article I) is published as a refereed journal article, one (Article VI) as a refereed
book chapter and Articles I, II and IV as refereed conference papers and the
conceptual Article III as a part of conference proceedings. The author of this
thesis is the primary (Articles I-V) or sole author (Article VI) of the articles.

FIGURE 1

Original articles’ main foci and their contributions to the whole

Article I lays the foundation to the study by analyzing the way technology
SMEs, the scope of this research, currently conceptualize and operationalize their
management action for both existing knowledge as well as novel knowledge
sought. Article I identifies the current KM practices in technology-based SMEs as
rather person- than purpose-driven and geared towards operational and internal
dimensions at the expense of strategic and external orientation of KM.
The focus of Article II is on a crucial subset of knowledge artifacts in
technology business, IPRs (intellectual property rights). Article questions the
viability of current practices in the current business environment that stresses
agility (ability to proceed with velocity) and ability to collaborate. Article II
proposes incorporation of wider meta-knowledge on KM (knowhow) and
propagates for deployment of wider scale of KM artefacts that better comply with
current demands of high process speeds within collaborative environment.
Article III elaborates on the issue of temporal scopes of KM, discussing how
the scanning (of future opportunities) and planning (of development of solutions
based on existing knowledge) horizons could be combined in KM in technology
business environment for SMEs. Article III concludes that the viable view when
studying timespans of KM for technology-based SMEs is the temporal
ambidexterity i.e. that the scanning and planning horizons exist in parallel but
17

their relative weights and tools usable vary between the different scopes, firm´s
resource positions and types of the industry the firm pertains to.
The future horizon i.e. anticipation of technological changes and resulting
opportunities is further studied in Article IV. The article identifies a large
heterogeneity and relatively short timespans applied in the anticipation practices
in technology-based SMEs.
Article V studied the stickiness, volatility and devaluation of
entrepreneurial knowledge in early-stage technology-based SMEs. The resulting
view was that as the firm and entrepreneurial firm and its key stakeholders
proceed in their development trajectory, the knowledge base needs to be adapted
(renewed and enlarged) to meet the demands met at the real-life operating
environment.
Article VI presents the typical phenomenon for the companies in the
research scope – growth - to KM processes. The impacts of growth to roles and
contents of key individuals’ role vs. move towards management systems are
discussed in Article VI. Article VI also suggest a new two-cyclical model of SME
growth, that supports the earlier findings of iterative nature of growth processes
but also questions the division of development of technology SMEs to start-up
and growth phases and, instead, suggest those firms should be seen as entities
that are simultaneously operating in knowledge search and knowledge
exploitation.
As a result of this additive process of the theoretical base and article
contributions, the study offers its summative contributions by answering the
research questions.

1.4 Structure of the thesis
This thesis proceed from laying out the foundations for the study (motivation,
objectives and research questions) to reviewing the earlier research on the topic
and observed gaps in it. The contributions of the author to fill the gaps observed
are explained by first introducing the findings of individual articles and then
consolidating them into an integrative framework and practical instantiations
derived from it.
Chapter 1 of the thesis summarizes the base for the research by introducing
the background, aims and context of the research and the quest for knowledge
on the research area that the thesis seeks to answer. Chapter 2 introduces the
theoretical foundations of the research via prior literature on issues relevant to
the subject area. The chapter also depicts an initial framework the author set to
expand. Chapter 3 familiarizes the reader with the research philosophy,
approach and method choices and their justification. Chapter 4 includes the
description of the goal and findings of the individual articles that form this thesis.
The contributions of each article are introduced in form of PECs – Primary
Empirical Contributions – or PCCs – Primary Conceptual Contributions (from
Article III) as they contribute to the whole study. Chapter 4 concludes by
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proposing a new integrative framework that addresses dynamic knowledge
management in technology-based SMEs.
Chapter 5 discusses the contribution of theory-related PECs and PPCs to
development to knowledge management research and theory. The chapter also
summarizes the practice-related PECs/PCCs and discusses their takeaways to
practitioners in the field in the form of hypothetical practical instantiations of the
new framework. Chapter 6 concludes the research by clearly answering the
research questions and discusses the quality and limitations of the study as well
as points out directions for further research on the topic.
This dissertation includes six articles, where five of them have used single
or multiple case studies or small samples of technology SMEs as objects of study.
Original articles are to be found in the Appendices of this thesis. Figure 2
summarizes the path of proceeding of the thesis to address these quests for
knowledge.
The research circle starts from the introduction at the top right of the vertical
axis. The segments of the circle define the core contents of each step. The thesis
proceeds step-by-step following the chapter and section order of the thesis. The
arrows within the circle indicate steps where the previous chapter/knowledge
area does not act as an input to the next stage immediately, but two or more
earlier steps are combined in the integrative sections at later stage. Thus, the
concepts and processes of knowledge and knowledge management (the second
step) are joined with the concept of time-dependent moderators of development
(third step) when indicating the research gaps and initial framework (fourth step).
Likewise, the primary empirical and conceptual contributions (PECs and PCCs)
are, in addition to their imminent impact on the next step of the proposal for an
integrative framework, influencing the Discussion and Conclusions, as well as to
the creation of hypothetical practical instantiations of the framework.

FIGURE 2

Structure of the thesis by themes and chapters
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2 THEORETICAL BACKGROUND
The theoretical base for this thesis derives mainly from the extant literature of
knowledge and knowledge management studies as well as from futures research.
The knowledge base also includes considerations of growth and change
management as the phenomena studied in those fields represent the timedependent moderators for KM in an organization. The thesis operates at
intersections of these streams of research as Figure 3 illustrates.

FIGURE 3

The research areas contributing to the knowledge base for the thesis
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The current era has been widely described as era of knowledge economy.
Powell and Snellman (2004) define the new economy as a system of
“…production and services based on knowledge-intensive activities that
contribute to an accelerated pace of technical and scientific advance, as well as
rapid obsolescence”. Parallel concepts such Knowledge Capitalism (e.g. BurtonJones, 1999) underline the key role of knowledge as a source of advantage and
wealth. Knowledge is a fundamental asset – capital – for companies to succeed.
The shift to the new era that stresses the importance of knowledge asset also has
destructive capacity, since adjusting to the new environment can cause
organizational crises (Freeman and Perez, 1988). Simultaneously, knowledge
intensity creates new entrepreneurial opportunities via knowledge creation and
resulting differentiated offer advantage (Moore, 2000).
The knowledge economy is also characterized by volatility. The era in
which current firms operate could be called “wicked environments” (Haapasalo
and Kess, 2001) that are characterized by uncertainty and call for new
capabilities in both technological and behavioral issues and their combinations
(Haapasalo and Kess, 2001). There is a non-static nature in knowledge - it is seen
as a volatile asset for a company and its network. To succeed in the new and
volatile knowledge economy environment characterized by uncertainties firms
need two sets of differing capabilities. The first need is of operational
capabilities for earning a living in the present (Winter, 2003). Second, a firm
needs dynamic capabilities that allow a firm to purposefully create, extend and
modify its resource base (Helfat et al., 2009). Dynamic capabilities lean on the
principles of evolutionary economics and thus partly takes distance to resourcebased view paradigms, that largely build on the limits set for a firms’ s future
by its current positions and paths of the past (Helfat et al., 2009).
An organization can widen its range and depth of capabilities via
acquisition of capabilities and/or inter-firm knowledge sharing. These external
sources of capability enhancement, once coupled with internal capabilities in
knowledge development and knowledge deployment act as sources of
competitive advantage, if the capabilities are cumulated, amplified and
renewed for changing conditions.
One approach showing increasing yet still low volume of scholarly research
is inclusion of futures research and foresight approaches into KM. The research
so far (e.g. Kaivo-Oja and Lauraeus, 2017; Rechberg, 2018) has mostly laid
conceptual reasoning why the futures-dimension should be incorporated into
KM frameworks and agenda. Frameworks of such inclusion and empirical
support for such models are largely lacking. Berry and Johnston-Jewell (2014)
proposed an interlink in the opposite direction, proposing KM approach and
practices have potential to improve futures foresight. Time-moderation (of
futures) on knowledge and KM is thus a required dimension for framework
building.
Oikarinen, Salminen and Mäkimattila (2012) point out that organizations
who need to operate in volatile and uncertain environments with scarce
resources, such as SMEs in the focus of this study, typically face challenging in
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perceiving new insights that deviate from their past and present knowledge base.
As CEN (2004b) summarized the importance of KM and change for SMEs:
•
•
•
•
•

Knowledge in SMEs tends to be tacit/informal/not recorded
Know-how in SMEs may not be valued highly enough
Lack of knowledge and know-how may be hard to talk about in SMEs
Short-term approaches to knowledge gaps may work sufficiently to make
change appear unnecessary
Know-how in an SME may easily be lost or fragmented when the owner
sells the business or retires.

So there is a pragmatic need for frameworks that facilitate this combination of
KM and foresight views and allows agile KM approaches that are still systematic
vs. person-based.
Since KM as a research area is wide and well-developed, it is plausible to
start the building of the new integrative framework for dynamic KM from
models of extant literature and to modify them with empirical and conceptual
contributions of the articles this study is based on.
The following Sections 2.1-2.3 introduce the key concepts and models of
knowledge, knowledge management processes and stakeholders, growth,
change and anticipation. The summative Section 2.4 addresses the research gap
that motivates this study and presents a synthesis of earlier scholarly work as the
initial framework the author set to elaborate on.

2.1 Knowledge and its relation to close concepts
The research on nature of knowledge and possibilities to understand, analyze
and develop knowledge is faced with the dilemma stated by Polanyi (1966): “we
know more than we can tell”. If articulating knowledge is complicated, defining
is a difficult task as well. Boisot, MacMillan and Han (2007) made a remark of
both the importance of knowledge in today´s world as well as difficulties of
elaborating on it: “With the rise of the knowledge economy, the knowledge
content of goods and services is going up just as their material content is
declining. Economic value is increasingly seen to reside in the former - that is, in
intangible assets - rather than in the latter. Yet we keep wanting to turn
knowledge back into something tangible, something with definite boundaries
which can be measured, manipulated, appropriated, and traded. In short, we
want to reify knowledge.”
Prior to moving to build knowledge of knowledge management, a
researcher needs to build a definition on what is included in the construct under
study. This section introduces the ways knowledge is described in earlier
research and consequently defined and made operational in this research. Also
the relationships and differences of knowledge to related concepts get treated to
clarify the paradigm of the thesis.
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Ontology aims at telling us what exists. Blaikie (1993) defines ontology as
the study of “claims and assumptions that are made about the nature of social
reality, claims about what exists, what it looks like, what units make it up and
how these units interact with each other.” Ontology studies what we mean when
we say something exists whereas epistemology is concerned with what we mean
when we claim that we know something (Mack, 2010). Crotty (1998) defined
epistemology as “the theory of knowledge embedded in the theoretical
perspective and thereby in the methodology”. The epistemological position
assumes that there are ways of knowing of the subject existing, and thus methods
can be chosen and applied to move from epistemology to research action.
Together, ontological and epistemological assumptions make up a paradigm.
Since knowledge is a wide and multifaceted concept, various scholars have
worked on dividing knowledge into sub-segments as well as making a
distinction of knowledge to related concepts and showing their linkages to
knowledge. Zack (1999) preceded the upcoming development of intellectual
capital (IC) concept by dividing knowing into areas of: a) Know what (possession
of knowledge artefacts: Data, patents etc.) b) Know how (processual competence)
c) Know why (recognizing goals and paths to them) d) Know who (having in
place the needed relationships) e) Know where (understanding the potential
sources of added knowledge and application areas for the knowledge possessed).
Ambiguity over the distinction between what is information and what is
knowledge has been a major source of difficulty (Mårtensson, 2000). Various
scholars (e.g Zeleny 1987; Ackoff 1989) have worked on a hierarchical model of
knowledge and near-by concepts called DIKW (Data-Information-KnowledgeWisdom). The model was extended by Hey (2004) in to DIKIW (Figure 4) by
introducing a layer of Intelligence between Knowledge and Wisdom elements.
Various researchers have built on the DIKW taxonomies across application areas
(Rowley, 2007; Baskarada and Koronios 2013; Cooper, 2014). According to
Gamble and Blackwell (2001), knowledge can be described as information that
has been processed further from sets of different information items such as
experiences, values, contextual information and expert insight. For an
organization´s development in DIKW/DIKIW hierarchy, achievements and
quality of work done in one layer affect the layers that follow and thus enable
better situational awareness (Yusof, Zainol, Zakaria and Ananthan, 2018).

FIGURE 4

Data-Information-Knowledge-Intelligence-Wisdom hierarchy (adapted from
Hey, 2004)
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Rowley (2007) stated that the lines between the categories blur yet the
differences need to be discussed and clarified. The recent rise of issue areas of Big
Data, Business Analytics and IoT (Internet of Things) that multiply the amount
of data and combinations has intensified the discussion of the relationship
between data and knowledge. Concentrated business intelligence effort is seen
to enhance the capabilities of a firm in their analysis, planning and decisionmaking. Chen, Chiang and Storey (2012) proposed that the emergence of
Business Intelligence and Analytics (BI&A) has been of need for both
practitioners and researchers, “reflecting the magnitude and impact of datarelated problems to be solved in contemporary business organizations”. As a
response to the overwhelming amount and increasing accumulation of data
processes such as automated knowledge mining applications have been
proposed (e.g. Merolla et al., 2014; Zatsman and Buntman 2015). Advancement
in information and communication technologies (ICT) and applications built on
them has been accredited to offer advantage in business processes by improving
efficiency and effectiveness in them and offering competitive advantage creation
(Leem and Kim, 2002; Yoon, 2011). Information and communication
infrastructure has been seen to play a vital role both in knowledge creation and
dissemination. Watson and Wixon (2007) state that “business intelligence reduces
IT infrastructure costs by eliminating redundant data extraction processes”.
These views contradict with the hierarchy of Hey´s (2004) DIKIW pyramid as
they propose a direct link from data to intelligence.
As can be seen, definitions and descriptions of business intelligence tend to
be incluce data and information layers. Critical or complementary voices in
research (Brynjolfson, 1998; Melville, Kraemer and Gurbaxani, 2004; Mithas,
Ramasubbu and Sambamurthy, 2011) have proposed that the true improvements
in technology-based business process do not live up to their potential without the
presence of other assets and capabilities within business processes. Gamble and
Blackwell (2001) state the pyramid can even be partly inverted in some cases, as
knowledge can also be made of a grounded intuition which can lead to derive
new information and practices for the organization gaining knowledge.
Some data-focused researchers go to the extent of claiming that the
knowledge holder does not have to be a human any more (e.g. Nefedov,
Pavlikovsakya and Afanasev, 2018) while others stress the importance of human
agents in the conversion of data to information and further to knowledge.
Martìnez-Caro, Cegarra-Navarro, Garcia-Perez and Cepeda-Carrión (2018) claim
that it is the combinatory capabilities in technological assimilation, absorptive
capacity and organizational agility that need presence of each other element to
fully affect a firm’s performance. Botha (2018) concludes that technology has
reshaped knowledge work and will continue doing so. Information capture and
codification will be automatized, but that in turn frees up knowledge workers’
time and energy to focus on production of providing personalized and
conceptualized data. This will “make provision for sharing and leveraging
knowledge above and beyond the cyberspace” (Botha, 2018).
These relationships and sharing are often embedded into models of
knowledge and its management. Meta-knowledge i.e. knowledge on knowledge
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helps the acquirers of new knowledge to improve the ways they learn, thus
facilitating transfer from one application domain to new ones, and finally
enabling them to learn more and more autonomously (Paquette, 1999). Thus,
knowledge is dynamic over time, but also dynamic over boundaries of
individuals and organizations, since knowledge emerges from social interactions
amongst individuals and organizations (Nonaka, Toyama and Konno, 2000). In
the SECI model of knowledge by Nonaka and Takeuchi (1995) knowledge is
created in the moves between stages of Socialization, Externalization,
Combination and Internalization. During this process the knowledge transforms
from tacit to explicit (from non-codified to codified) and back. Knowledge also is
context-specific, as it depends on a particular time and space, as was noted by
Hayek (1945) already in the early stage of organizational knowledge research.
One stream in recent knowledge management research has been focusing
on the intellectual capital (IC) of the firm. IC has been further divided into:
•
•
•
•
•

relationship capital (Edvinsson and Malone, 1997; Nahapiet and Ghoshal,
1998),
human capital where knowledge is the sum of intellectual skills, education, knowledge of its stakeholder individuals,
structural capital in firms’ structure and process to act on and for
knowledge, renewal capital in terms of innovative solutions (e.g. Kianto,
2008),
trust capital embedded in firm´s relationships for sharing and cross-utilizing mutual knowledge (e.g. Mayer, Davis and Schoorman, 1995),
entrepreneurial capital in terms of capabilities and mindset related to entrepreneurial activities in the firm (e.g. Erikson, 2002).

On the other hand, Reed, Lubatkin and Srinivasan (2006) do not agree on the idea
of Intellectual capital as an overarching umbrella term, but claims that IC is a
mid-range term that tries to capture three separate types of knowledge-based
resources: Human, Structural and Relational Capital.
This thesis is built on a paradigm derived from the frameworks reviewed
above. The definitions of knowledge and its elements in the previous research
that have given insight into this research are summarized in Table 1. The
ontological stance of this study is that knowledge is an ability and a process of an
individual and organization (and the networks they form) to utilize information
and capabilities in a relevant way for their business activity and context.
Knowledge partly resides and is utilized in interactions inside and across firm
boundaries. Knowledge is not seen to be originate solely from data and thus limit
what information and knowledge a firm can have. Still, information arising from
data can play a role in knowledge creation. Likewise, information and
communication technologies systems as instruments of knowledge creation and
dissemination are outside the scope of this research. The epistemological position
taken assumes that by studying the views, actions and experiences of key persons
that have access to, as well as responsibility for, knowledge processes and
knowledge-related artefacts in their organizations, understanding of knowledge
and dynamic processes on it in the target population can accelerate.
25

TABLE 1

Definitions of knowledge and related concepts with their contributions to the
thesis

Core tenets
Knowledge division: (Know) What,
How, Why, Who
Data=>Information=>Knowledge
(=> Intelligence => Wisdom)
hierarchy

Contribution to this study
Artefacts, Processes and Actors in KM interact
Data differs from knowledge
but supports it via supply of
information

Business Analytics and Intelligence
enhance knowledge creation
Knowledge created in social interactions

Role of intra- and interfirm
knowledge exchange

Knowledge is made of separate
knowledge assets that interact:

Intellectual Capital consisting of
Human, Relationship, Structural,
Renewal, Trust, Entrepreneurial
Capital

A portfolio view of firm´s
knowledge: Knowledge contents, processes, infrastructure and knowledge culture
Focus on elements most associated with KM dynamics:
Relationship, Structural and
Renewal capital

Key sources
Zack (1999)
Rowley (2007);
Watson and
Wixon (2007);
Botha (2018);
Chen et al.
(2012)
Nonaka and
Takeuchi( 1995);
Nonaka and
Nishiguchi
(2001)
Birchall and
Tovstiga
(1999;2002)
Erikson (2002);
Reed et al.
(2006);
Kianto (2008)

2.2 Knowledge management
Knowledge management (KM) is a widely used and extensively researched issue
in management science of 2000’s. Demarest (1997) coined the term as a
“systematic underpinning, observatism, measurement and optimization of
company’s knowledge economies”. CEN´s (2004) definition sees KM as a
“purposeful management of activities and processes for leveraging knowledge to keep and
improve competitive positioning by using well individual and collective knowledge
resources of the firm and its stakeholders”. Systematic knowledge management
constructs an important fundament for competitive advantage in the knowledge
economy (Czarniewski, 2014) yet it is not always clearly visible in the
organigrams of firms. In some frameworks (e.g. Suresh and Mahesh, 2006;
Mahesh and Suresh, 2009) knowledge management has been proposed to take
more expressed organizational role e.g. by creation (or at least recognition) of
specific knowledge units or roles such as chief knowledge officers. Some other
models stress the multiparty and multifunctional nature of knowledge
management in a modern company.

26

2.2.1 Processes of knowledge management
Most KM definitions and frameworks are founded on a process view that is
further divided into sub-processes (Castañeda and Ignacio, 2015). The
frameworks aim at shedding light on how knowledge is created (continuously),
stored, utilized and shared. The models mostly put up a resembling sequential
order of the sub-processes, but e.g. the definition by Lin (2014) lists protection of
knowledge as the last element. One can argue that protection would be too late
if it has not been applied already in the earlier stages to a certain extent. Different
studies have addressed the relative weights of the sub-processes within KM
systems, but these findings are typically context-bound and situational and thus
no generalizations of them can be drawn.
The main stage-based models have much in common. They typically
include stages of creating, storing, protecting and disseminating knowledge.
There are also some discording views (e.g. Dickel and de Moura, 2016) who state
that knowledge management and innovation management are separate streams
(Figure 5). The division of Dickel and De Moura however contains processes that
most scholars place under the same term of knowledge management and that in
practice would overlap. The model by Dickel and de Moura (2016) serves in
depicting that abilities and processes of creation of unique new knowledge
(innovation) as well as managing knowledge further are required for business
performance. Accordingly Alegre, Sengupta and Lapiedra (2013) claim that “KM
dynamic capabilities act as a mediating variable between KM practices and
innovation performance”. Thus, innovation (search and creation of new
knowledge) management is rather a part of KM than a process parallel to it. Table
2 summarizes the knowledge management categorizations in the earlier
literature on dividing knowledge management into its sub-processes.

FIGURE 5

Structural model of innovation and knowledge management processes adapted from Dickel and DeMoura (2016)
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TABLE 2

Sub-processes of KM as in earlier literature

Key sources
Nonaka and Takeuchi
(1995)
Wiig (1997)
Liebowitz (1999)
Alavi and Leidner (2001)
Lin (2014)
Castañeda and Ignacio
(2015)
Dickel and de Moura (2016)

KM sub-processes
Creation, access, dissemination, application
Creation, maintenance, renewal, organization, transference
Identification, capture, storage, sharing, application and
selling
Creation, storage, retrieval, transference, application
Generation, access, facilitation, integration, embedding,
application, transfer, protection
Creation, acquisition, documentation, storage, electronic
transference, face-to-face sharing, use, reuse
Cross-sector ideation, innovation process, documentation,
performance management, cross-sector knowledge transfer

This study uses the framework in which both the actions on knowledge that
already exists and on knowledge not yet created are included in the knowledge
management process. The two streams coexist in the majority of KM process
models in prior studies. Also in the context of this study, growth aspiring
technology-based SMEs the two are intertwined in practice. The second
conceptual layer of Dickel and DeMoura (2016) model contributes to this study
as it proposes the elements that could be studied: 1) People (individuals) 2)
Structure (teams, departments, organization, networks) and its alignment 3)
Resources 4) Organizational behavior and culture 5) Processes combining the
aforementioned elements. This is in accordance with the view by Simone (2011)
who links organizational dimensions of knowledge and the enterprise in two
distinct ways.
According to Simone knowledge management means: 1) Orientation and
culture that favors knowledge as a value and 2) operational mechanisms that
support knowledge processes (tools, reward processes etc.). Thus, there are
contextual factors such as the structure and culture of the industry and of the firm
as well as processes and actions within those contexts where KM takes place.
These processes performed by knowledge actors and actions are assumed to be
simultaneous and iterative in a modern firm. An organization does not possess
just a single state and studies on organizational processes can indicate the
different prevailing states of certain processes and/or subsystems (Dooley and
Van de Ven, 1999). This versatility and simultaneousness of knowledge processes
and actions suggests seeing a firm as a collection of resources, actions and
outcomes (like artefacts) of the knowledge management. Birchall and Tovstiga
(2002) propose to assess the knowledge portfolio of a firm in terms of four
domains - content, process, infrastructure and culture.
This view of modern innovative enterprises as non-linear complex systems
fits the population of this study, technology-based SMEs. As Cheng and van de
Ven (1996) point out, seemingly chaotic patterns in these innovative processes do
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have a hidden order consisting of relatively simple nonlinear dynamic systems
with a limited set of variables, proposing that there are processes that can be
identified, studied and to a certain extent replicated even in the volatile context.
2.2.2

Stakeholders in knowledge management

Can firms know something, or create? Sanin and Szczerbicki (2008) propose that
a company can build up a decision-making DNA by implementing a Smart
Knowledge Management System. The advocates of the “nexus of contracts”
theory (Jensen and Meckling, 1976; Easterbrook and Fischel, 1989) assert that
companies can be considered as a collection of contracts between different
internal and external parties. Thus they are unable to create knowledge above
those contracts. In the opposing approach, human is taken as the knowledge
actor and knowledge management is built up from an individual hierarchically:
to teams, departments, functions and finally the whole company.
In the units of analysis of this study, growth-aspiring SMEs, in the early
phases of the firm evolution the key individuals´ knowledge may largely equal
to firm´s knowledge. Both Hedlund (1994) and Mentzas, Apostolou, Young and
Abecker (2001) categorize KM to consist of four dimensions or “arenas”: There
are Personal, Team-Level and Organizational-level as well as InterOrganizational levels within KM. Yiu, Sankat and Pun (2013) add the technical
layer. Mentzas (2004) proposes a knowledge asset framework that aims at
depicting how these different layers interact and meet in the full-scale KM
implementation. In their model (Figure 6), the core element is the knowledge
assets affecting the other set of elements: structure, systems, processes and
strategy of the firm. All these have an effect on all hierarchical layers of operating
environment: Individual, Team, Organizational and Inter-Organizational layers.

FIGURE 6

Holistic knowledge asset framework (adapted from Mentzas, 2004)
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The depiction and definition of KM by Mentzas (2004) include some
overlapping of elements in the model, since the knowledge asset is defined as an
entity that creates, stores and/or disseminates knowledge object”. In the model
of Mentzas (2004):
•
•
•
•

A person is a knowledge asset that can create knowledge objects like new
ideas, learnings, proposals, white papers etc.
A community of interest is a knowledge asset that creates new ideas and
best practices.
A process is a knowledge asset that can create store and disseminate practices, standards and R&D objects.
A vision can be a knowledge asset that creates mission statements, strategic plans and goals.

The holistic model by Mentzas serves for this study by making a difference
between concepts of knowledge assets and objects, the latter being caused by the
previous, as well as presenting different hierarchical levels as knowledge assets
instead of just knowledge contexts.
One of those organizational assets, core individuals for KM have drawn an
ample body of research interest. Key individuals in an organization play a crucial
role in their capability and motivation for knowledge management (Muhammed,
Doll and Deng, 2008), up to the point where Peschl (2018) states that “the
innovator becomes his/her innovation due to personal change”. Also the
presence of a specific Chief Knowledge Officer (CKO) in a firm supporting
knowledge-related processes and facilitate the success of knowledge
management have been proposed (Davenport and Prusak, 1998; Bell de Tienne,
Dyer, Hoopes and Harris, 2004; Liu, Tsui and Kianto, 2018). Human asset quality
(both general and firm-specific) may associate with the specific growth
achievements via internationalization (Almodóvar, Verbeke and Rodríguez-Ruiz,
2016). The human asset impact covers also other than the managerial levels of the
firm, thus knowledge capabilities and processes are needed to move the
outcomes of human capital assets across internal boundaries of the firm.
Similarly, Barile, Saviano and Simone (2015) conclude that to foster innovation
and competitiveness both the firm and individuals in it need to possess “Tshaped” knowledge capabilities i.e. deep, specified competences and wide,
combinatory (dynamic) capacities.
Defining knowledge that is relevant for the company is challenging. RootBernstein et al. (2013) note that relevant knowledge for entrepreneurial efforts
may contain elements that are at first sight rather distant to what the
entrepreneurial firm produces and sells to the market. While having individuals
with unique knowledge and motivation is fundamental for a knowledge-based
firm, creation of a wider knowledge pool is embraced as a way to enhance
knowledge management by creating a synthesis of individuals’ specific
knowledge within specific situations (Alavi and Tiwana, 2002). The
entrepreneurs and companies who identify and utilize allies to create larger
knowledge reservoirs are more likely to survive (Gonzalez, 2017) and more able
to assess the value of new information and opportunities sometimes via
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constructive dissent in the collaboration (De Dreu and West, 2001). These joint
knowledge pools have been called as Communities of Practice (Wenger, Snyder
and McDermott, 2002; Jørgensen, Edwards and Ibsen, 2018) characterizing the
intra- and inter-firm actors who jointly deepen their knowledge and expertise by
interacting on an ongoing basis. The concept of firm´s knowledge portfolio
(Birchall and Tovstiga, 1999; 2002) proposes a map that points out where
knowledge resides in the firm and what are the key knowledge processes as well
as how knowledge flows between processes and between people.
Knowledge sharing processes are often plagued with difficulties in them.
Vestal and Danneels (2018) found that R&D teams whose inventors hold different
technological knowledge possess a greater variety of perspectives and ideas,
which increases teams’ potential to create higher quality inventions. However,
effectively sharing and integrating technologically distinct know-how is difficult.
If the knowledge sets are too distant or too close, the bridges between them are
non-doable or non-existing (Vestal and Danneels, 2018). The barriers to
knowledge creation can be both organizational, e.g. lack of leadership and
recognition + monetary fairness, as well as individual, e.g. lack of trust between
individuals and lack of expressive ties (Anand, Csepregi and Bogdány, 2018).
Sung and Choi (2012) studied the effects of Team Knowledge Management
(TKM) to firms creativity (knowledge creation) and potential association to
financial performance of the firm. Team´s knowledge stock and knowledge
utilization did not have a significant direct relationship financial performance,
but marginally significant indirect effect on financial success. This effect was
caused by the interaction of these team characteristics and the systematic
cognitive style of the team leader, proposing that the different layers of
knowledge stock (individual, team, management) need to be aligned to make an
effect on performance.
Thanasopon, Papadopoulos and Vidgen (2016) studied teams working on
high uncertainty stage of innovation process (fuzzy-front-end). Their study
indicated a strong relationship between the team´s openness competence and the
reduction of uncertainty, i.e. turning to other holders of information (e.g. a
technology-driven team gathering market information) is likely to improve the
results of the innovation process. This confirmed the earlier proposal of Ray,
Barney and Muhanna (2004). However, Mercado Salgado, Cernas Ortíz and
Nava Rogel (2018) state that despite the whole idea of relational capital is built
on collaboration, that action is affected by emotional factors such as trust between
the network members. Thus, knowledge sharing processes should not be
configured or practiced merely on assumptions of rationality.
The spread of knowledge within the organization is one parameter that
defines the low or high value in knowledge extraction. In the AKRI-model
knowledge points towards low-value category if a clear minority of the
employees share it (Piri, Zahedi, Goodarzi and Mohammadpanah, 2020). The
other parameters in AKRI- model defining the risk that the firms may bear in its
knowledge domain are e.g. the importance of the knowledge in question,
complexity of the knowledge sharing and the knowledge type that may be
explicit or tacit (Piri et al., 2020). Methods such as Lessons Learned and AAR
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(After Action Review) that are institutionalized and individualized codified
mechanisms work well for sharing of tacit knowledge, which is of high
importance and low complexity (Azizi, Rowlands and Haass, 2018). For sharing
of knowledge not easily recordable or documentable due to its high complexity,
interaction-based institutionalized and individualized mechanism are more
commendable.
Adding the division of knowledge by actors (Individual, Group,
Organization, Inter-organization) into types of knowledge to be shared articulated vs. tacit knowledge (e.g. Nonaka and Takeuchi, 1995) - further
complicates successful system-wide knowledge management since operative
arrangements differ in all of the cells in this type of 8-cell matrix (4 layers * 2 types
of knowledge). When looking at the extremes of the continuum, there are needs
to act on tacit knowledge of an individual as well as on explicit knowledge
between organizations. Hedlund (1994) saw that the traditional M-form (M for
Multidivisional) organization was not well suited to the new “multiarena” and
knowledge-intensive management, and as a response to the demands of the time
he proposed a N-form (N for New/Novelty). The principles he set for a new type
of organization better suited to the era of knowledge economy were:
1. Putting things together i.e. combining instead of dividing.
2. Temporary constellations of people and units.
3. The importance of personnel at 'lower' levels in dialogues, rather than
coordination from the top.
4. Lateral communication and dialogue instead of vertical.
5. Top management catalyzing, maintaining and developing architecture of communications infrastructure and protecting knowledge investment
6. Focusing on areas with potential for combining knowledge elements.
7. Heterarchy as the basic structure instead of hierarchy.
The N-form type of organization is likely to picture a technology-based SME
better than the M-form, yet it is not guaranteed that action follows the natural
starting point for such a company, of which Anand et al. (2018) suggest that
smaller size and proximity of people create stronger ties.
The concept mentioned in Hedlund´s point nr 7 – heterarchy – has not been
widely used in managerial research and literature. The amount and intensity of
network research seems to have pushed heterarchy into a lower hand position.
The definition or heterarchy by Aime, Humphrey, DeRue and Paul (2014)
captures something essential of how modern firms work and the way knowledge
reshapes within them: power heterarchy –paradigm sees teams as relational
systems in which the relative power among members shifts over time. The
resources of specific members become more relevant (and the resources of other
members less relevant) due to changes in the situations and tasks (Aime et al.,
2014). Widening the scope of heterarchy to company departments/functions or
to companies that collaborate, the volatile and contextual nature of modern
knowledge management can be captured.
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TABLE 3

Summary of models of stakeholder participation and interaction in KM

Core tenets
Personal, Team-Level, Organizational- and
Inter-Organizational levels within KM
Crucial role of key individuals for KM

Key sources
Hedlund (1994); Mentzas et al. (2001)

Necessity of knowledge pool widening
Difficulty of knowledge sharing
Need for mechanisms for interaction (internal and external parties)
The (relative) resources of KM stakeholders
shift over time

Muhammed et al., 2008; Sung and Choi
(2012)
Alavi and Tiwana (2002); Gonzalez
(2017); Vestal and Danneels (2018)
Mercado Salgado et al. (2018); Vestal
and Danneels (2018)
Piri et al. (2020); Azizi et al. (2018)
Hedlund (1994); Aime et al. (2014)

Table 3 draws together the key contributions of earlier research related to
stakeholder layers, roles and interactions between them. These core tenets of
earlier research acted as inputs to the initial framework in terms of stakeholder
intrecation that the author of this thesis set to elaborate on.
This thesis builds on the findings of earlier research that in order to
understand knowledge management in technology-based SMEs, different
organizational layers from individuals to teams and further to external partner
companies need to be studied. The core individuals, typically
entrepreneurs/start-up team members are assumed to have a larger role than
managers in larger companies. The study assumes that knowledge sharing and
collaboration are important in the studied type of companies, yet they also bring
challenges to the firm (e.g. trust and risk issues). Another core assumption
adopted for this thesis is that the roles and relevancies of knowledge actors are
contextual and situational, dependent on the development state of the SME as
well as the tasks of knowledge process in hand. These dynamics over time are
discussed in more detail in the following section.

2.3 Dynamics in knowledge management
Adding dynamism to the KM paradigm widens the scope in which the
knowledge management needs to be performed. Dynamics in this research refers
to variation of type, goals, direction, artefacts and stakeholders in the KM activity
as technology-based SME evolves over time.
The theme of dynamism within KM discussion in itself is not new. Already
in 1998 it was remarked that successful KM and organizational learning and
knowledge transfer are interactive, ongoing, and dynamic processes that cannot
be assumed to act on a static body of knowledge (O’dell and Grayson, 1998). The
discussion of dynamics of young, growth-oriented companies and
entrepreneurship as a whole is not a new phenomenon, yet foci of the study in
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dynamics has varied. Dynamics have been treated in relation to opportunity
recognition (e.g. Sarasvathy, 2001), innovation and product development (Van
de Ven, Polley, Garud and Venkataram 1999) and in the overall models of growth
of new and small organizations (e.g. Greiner, 1972; Wickham, 1998). Thomas,
Sussman and Henderson (2001) claimed that learning within the company and
its network becomes “inexorably entwined” with the understanding processes
that facilitate sensemaking. In these processes, relevant learning becomes
dynamized over time, as it requires new and highly interactive forms of transfer
and transformation. Castaneda, Manrique and Cuellar (2018) reported in their
meta-analysis of organizational learning and knowledge management literature
that the two fields have started to include each other´s vocabulary. The timebound relevance of knowledge artefacts and knowledge processes in the
development trajectory of a firm is recognized as an area that is worthy of
additional study.
2.3.1

Knowledge dynamics between stakeholders

The dimension of equilibrium (as part of considerations on dynamics) is
concerned on how the knowledge is (or is not) shared within a system. Research
has indicated that moving knowledge between actors within a system enhances
new business creation via knowledge spillover. New knowledge that can be
commercialized emerges from knowledge spillovers that foster innovation and
growth in industries (Audretsch, Keilbach and Lehmann, 2006; Acs,
Braunerhjelm, Audretsch and Carlsson, 2009). Knowledge spillovers carry an
“opportunity-enhancing logic”: New knowledge through academia, companies
and networked industries is an important incentive for firms to cluster and
work together (Acs et al., 2009). The counter effect is that dissemination of the
knowledge that its proprietor would rather keep and control can be spread more
easily in the dynamic environment. Firms active in knowledge search and
exchange across industry boundaries have been coined with the term of
knowledge brokers (Hargadon, 1998).
The discussion of clusters has been to a certain extent been replaced by
elaboration on business networks/business nets (Powell, 1990; Möller and Svahn,
2006) or value constellation systems/value nets (Parolini, 1999). These directions
of business research and development reflect the general societal move towards
networked type of acting (Castells, 1996). Firms in a modern operating
environment cannot create innovations or systemic product offerings alone,
because knowledge and technological resources are dispersed within value
nets/value system (Möller and Svahn, 2006). A managerial response to this
dispersion is knowledge transfer and joint creation of new knowledge through
networking both horizontally as well as vertically (Kogut and Zander, 1992;
Möller and Svahn, 2003; Powell, Koput and Smith-Doerr, 1996). Inability to tap
into other network actors’ knowledge may lead e.g. an science-based innovator
to fail in the product launch or target cost reach if wider knowledge pool leading
to proceeding in the technology readiness level (TRL) and manufacturing
readiness level MRL cannot be operationalized (Ballard, Levie, Nukari,
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Saukkonen and Suhr, 2013). As De Michelis (in Nonaka and Nishiguchi, 2001)
points out, knowledge creation is a principal factor in the increase of the
value/cost ratio of a cooperative process since it can enhance the ability of
participants to deal with complexity in the early stages of the innovation process
by understanding the challenges from multiple angles.
The underlying dilemma of knowledge dynamics between different actors
in the business ecosystem is coined in the I-space model by Boisot, MacMillan
and Han (2007) proposes that the value of information that is abstract, noncodified and non-diffused (to anyone else or at least enough of them in the
relevant network) is unable to reach its full value potential. But so is also
knowledge that is spread to all, as it no more allows control of it nor competitive
advantage built on it. In short, managing knowledge dynamics within a business
system is a delicate act calling for strategies and process framework for
knowledge. The choices of knowledge management elements (artefacts, actions,
stakeholders) need to take place in the correct mode and time in relation to firm´s
goals, resources and position within a business system. Choi and Lee (2003)
found that this type of dynamic method is one option for KM style (different to
system-, human-oriented, and passive styles). Dynamic KM style is characterized
by both knowledge reachability via information technologies and knowledge
sharing via informal discourse between employees.
2.3.2

Time-dependent knowledge dynamics

Knowledge management has been a sub-topic in various models of SME growth,
like in the stage-based model from Marmer, Herrmann, Dogrultan and Berman.
(2011a) or the model by Levie and Lichtestein (2010) that picture an
entrepreneurial firm as an organism moving between dynamic states. Levie and
Lichtenstein depict that the concept of dynamic states describes the firm
evolution better than the earlier theories on sequential and well-definable stages.
Those dynamics states are typically open (Ashmos and Huber, 1987) as well as
complex adaptive systems (Axelrod and Cohen, 2000) where a constant and
altering flux of resources including knowledge is omnipresent. Thus, discussion
of the role and value of knowledge of a firm should include the time dimension.
The time dimension in new business creation is not a new topic of interest.
The importance of time-to-market of new products as a factor of competitive
advantage is widely recognized (Afonso, Nunes, Paisana and Braga, 2008; Griffin,
1997). Griffin (2002) analyzed the relationship of time-to-market with the use of
multifunctional teams and the use of formal processes of new product
development. Multifunctional teams operating with differing sets of knowledge
were associated with significant reductions in the development cycle time for
new products. They also showed higher degree of originality. On the other hand,
formal processes associated with the largest reductions in the development cycle
time of complex products (Griffin, 2002). Thus, knowledge sharing practices
affect the time the new product development takes (Griffin, 2002; Hong, Doll,
Nahm and Li., 2004).
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The need to adapt to time-to-market pressures along with market,
technology and competition volatilities has been a driving force of methods and
tools aimed to cope with these accelerated speeds. This is true in software
development, a subcategory of technology business in the focus of this thesis. For
the software industry, these approaches are labelled as agile approaches.
However, it has been stated that there are misconceptions and disagreements in
organization what agility truly is (Laanti, Similä and Abrahamsson, 2013), what
it demands from organizations (Appelo, 2011) and what it brings to the
organization (Kontio, Höglund, Ryden and Abrahamsson, 2004). Agile methods
can reduce cycle times of development processes and deploy a wider pool of
knowledge to seek a viable solution to the challenge (Abrahamsson, Salo,
Ronkainen and Warsta, 2002; Abrahamsson, Warsta, Siponen and Ronkainen,
2003). Agile collaborative approaches become complex systems to manage, and
make those systems prone to various risks related to the aim of speed and
distributed nature of work, which is hard to manage in commitment,
coordination and communication. Furthermore, acting in an agile way demands
of reconfiguration of roles, responsibilities and attitudes of the people.
To summarize, knowledge and its management vary in amount, action,
type and value across points in time. The view of Bratianu (2007) is adopted:
“Time means more than just intervals elapsed between different moments or
stages of some considered processes. Time has direction, from past toward
present and from present toward future”. This time-dependent change is called
“dynamics” in this study.
2.3.3

Embedding anticipation into knowledge management

Knowledge for a company may include concrete knowledge artefacts (conceptual
or material) or objects such as practices, ideas, models, representations (Paavola
and Hakkarainen, 2009). Bell (2003) proposes as objects 'dispositions' to future,
situations that may become actual if they are properly activated. Thus,
knowledge management should include goals and practices for acquiring
potentially relevant information that may materialize in the future i.e.
anticipation. Anticipation is a close term to the foresight process that is a “joint
effort of stakeholders to explore futures and interpret them to present actions”
(Dufva and Ahlqvist, 2014). This interchange of ideas and interpretations
requires processes and tools such as technology roadmapping (TRM), radical
technology inquirer (RTI) and technology radar (TR). Key principles of
anticipation by Poli (2014) state that:
•
•
•
•

anticipation is concerned with calculable risks and incalculable uncertainties
distant futures and future in the present differ; the latter one refers to the
future as projections of the past and former one to “proper” anticipation
recognition of both continuous and discontinuous futures
systems and organizations vary in their capability to use futures.
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The stance an organization takes to anticipate affects its knowledge
management process, since there is a cognitive effect to the organization in
addition to the primary utility function of providing relevant knowledge to
management for decision-making (Boe-Lillegraven and Monterde, 2015). As
Peschl (2018) states, novelty is not that much a projection of our own (“out-ofthe-box”) ideas or past experiences (Grisold and Peschl, 2017) into the future, but
rather the future potentials can teach and attract us (in the sense of final cause or
emerging purpose). By that process future is co-created in a process of joining,
making use of the dynamics and shaping the process of reality that unfolds.
In the concept of innovation funnel (Flynn, Dooley, O'Sullivan and
Cormican, 2003) a company proceeds from a large to a decreasing number of
ideas and opportunities to be included in the final solution brought to the market.
This shorter-term and narrowing type of process has been described as the
planning horizon for a firm (Kuusi, Cuhls and Steinmüller, 2015). The scenario
funnel introduced by Gustafsson, Kuusi and Meyer (2015) operates in reverse:
the farther we look from today´s towards the future, the more possibilities open
up. Kuusi et al. (2015) call this mode of anticipation as a firm´s scanning horizon.
Müller (2012) used the metaphor of “continuous branching in the landscape”
when describing this opening and widening funnel.
The decreasing uncertainty inside the innovation funnel and increasing
uncertainty inside the scenario funnel may favor short-term views. Some
research findings do indicate imbalance in the behavior of start-up companies
favoring shorter term – the planning horizon - over longer-term – the
mapping/scanning horizon. Despite the importance of exploitation (using
identified knowledge) and exploration (searching for relevant knowledge for
future), companies face the trade-off between the two due to limits of managerial
attention and organizational resources (Yan, Yu and Dong, 2016). Most
organizations concentrate on exploitation while investing less effort in
exploration. (ibid.) However, this imbalance is potentially self-destructive, as
organizations are exposed to the risk of obsolescence and loss off competitive
positions in future markets (March, 1991). In the same vein, organizations that
engage in endless and widest possible exploration – also called shotgun sampling
in technology anticipation by Fleming and Sorenson (2003) - will suffer from
considerable uncertainties and will finally exhaust their resources (Auh and
Menguc, 2005). Kuwada (1998) suggests a systematic processual approach for
organizational learning, making a note of continuous approach to map out these
discontinuous environments and discontinuous changes taking place in it.
Thus, it is important for organizations to develop organizational
ambidexterity related to time for gaining and sustaining competitive advantage.
Some early work on this temporal ambidexterity (for new ventures) has been put
out by Wang, Luo, Maksimov, Sun and Celly (2019), proposing that firms can
develop capability to demonstrate simultaneous and strong commitments to
actions with both short and long term implications.
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2.3.4

Growth in technology-based SMEs

A phenomenon or a character often linked to technology-based companies is
growth. This concept has various interpretations and models in economics and
entrepreneurial research. As Brenner and Schimke (2015) put it: growth is a
complex and heterogeneous process. It contains multiple individual
characteristics as well as various combinatorial and strategic issues (i.e. additive
and multiplicative contributions by different stakeholders).
Richters and Siemoneit (2017) suggest that there is a certain imperative in
modern economy for growth that is “massively and systematically lopsided
towards net investment”. They claim that just a few firms are able to escape this
race, successfully surviving without growth, but usually in niche areas only.
Accordingly, Coad (2009) identifies the interest towards growth phenomenon
with the dissatisfaction to conventional static approach of economic theory. This
disenchantment of static models has resulted in the emphasis shifting to
prevalence of uncertainties, change and bounded rationalities, these in the
context of volatile economies. Coad (2009) summarized that growth has replaced
firm size as the central variable in industrial economics.
Richters and Siemoneit (2017) assert that the defense for the growth
imperative/impetus lies in the view that longer term, growth of the company is
a prerequisite to achieve accounting profit. There are also other than direct
economical drivers for growth. Coad (2007) argued that future evolutionary
models should abandon the view of a direct relationship between profit rates and
growth rates. Companies may also be forced to grow fast to profit from the
potential network externalities or economies of scale (Oliva, Sterman and Giese,
2003) or to reach an unchallengeable long-term cost advantage (Rothschild, 1990).
Even if growth is close to an obligation in modern economic systems,
growth does not touch every firm within those systems. Gray (2002) argues that
few SMEs are seriously interested in growth. Some scholars do not argue for
interest/no-interest of growth for these SMEs but just by looking at the statistical
data (of sales revenue and personnel measures) identify that growth companies
are rare. In the main societal context of this research, Finland, the proportion of
fast-growing, so-called “gazelle” firms in Finland (firms whose personnel has
grown over 20% annually for minimum three years in a row), has varied over the
business cycles, but in long term remained at about 5% (Vanhala and Virén, 2019).
In the previous statement, growth is seen as a numerical instantiation of success.
Growth can also be seen as a process that interlink dimensions such as strategic
growth, asset growth and organizational growth (Wickham, 1998).
The fast growth of firms has been attributed to founders’ and managers’
characteristics (Gherhes, Williams, Vorley and Vasconcelos, 2016; Davidsson,
Kirchhoff, Hatemi-j and Gustavsson, 2002), business environment, demand and
industry growth (McDougall, Covin, Robinson and Herron, 1994; Perren, 2000;
Gherhes et al., 2016) , and business practices (Barringer, Jones and Nuebaum,
2005) as well as access to resources (Perren, 2000). The assets deployed into a
company do not offer just an opportunity for growth but may demand growth
as a component of the return on those assets. High-risk venture capital investors
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engage SMEs (typically at start-up stage) in order to drive management and
strategic decisions towards long-term corporate gains (Colwell and Mowday,
2011) that only materialize via growth. In this resource/asset based view of
growth it is assumed that differences in companies’ resources and capabilities
determine the survival and growth of companies (Barney, 1991). In the process
of deploying the benefits of specific resources and capabilities, a company will
achieve a short-term performance. These unique capabilities include e.g.
innovativeness (Coad and Rao, 2008), customer-focused flexibility, commitment
to research and development and employee engagement (Ng and Hamilton,
2016). Resource and capability sets that are internalized as organizational
capacity cannot be easily transacted, meaning that the firm can realize growth
based on its long-term competitive advantages (Wade and Hulland, 2004).
Innovativeness fosters survival-enhancing attributes (e.g. market power and cost
efficiency by growth) and capabilities (e.g. the absorptive capacity of the firm)
(Hyytinen, Pajarinen and Rouvinen, 2015).
Earlier research has produced an array of models depicting the growth
trajectory. These models are used and referred to despite views claiming that
none of them can fully describe the somewhat unique path of growth of each
SME (Levie and Lichtenstein , 2010; Muhos, Kess, Phvat and Sanpanich, 2010)
and also that the models do not carry in them a path determinism (Muhos, 2015).
The most common anatomy of the growth models (more than 100 of them
identified by Levie and Lichtenstein (2010) has been that of a stage-based or
stage-gate models. Cooper (1990; 2006; 2008) developed, copyrighted and
trademarked the stage-gate model to enhance new product development in firms,
but the model can be seen as analogically adaptable to system (such as a company)
or process (such as growth) design and research.
The stage-gate approach consists of sequential stages where essential
activities are performed. The stages are complemented by gates at which interim
achievements are evaluated. The early stages typically contain activities that
focus on opportunity discovery and ideation, while the later stages are more
about concept development and testing as well as commercialization (Grönlund,
Sjödin and Frishammar, 2010).
The common view in most growth models is that there is a transformation
in firm structure, priorities, core capabilities and actions over time. This
inherently implies that any model of knowledge management in technology
SMEs is likely to have a time axis along which the changes (and iterations) take
place. The options for this sequencing are, as stated above, next to inexhaustible.
An early model is the one by Scott and Bruce (1987) that divides the change
continuum into Inception, Survival, Growth, Expansion and Maturity. Skok
(2017) sees that a firm develops by following stages in its process of moving
towards decreased risk and increased value: Ideation, Confirmation, Creation,
Validation, Repeatability, Scalability and Profitability. The model by Skok is a
fine-grained one and has elements suited for technology-related
industries/markets as it brings the issues of repeatability and scalability to the
forefront. For example, the stages of creation vs. ideation seems to be in discord
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with the knowledge management literature that would place both concepts
under the action of knowledge creation.
The Start-up Genome-model by Marmer et al. (2011a) is based on a data
from a dynamic industry (internet start-ups) and from a dynamic marketplace
both for the end-customer market as for the resources (mostly US companies in
the dataset). In addition the data is deriving from the time of post 2008 economic
crisis start, if can be assumed to reflect relatively well the current operating
environment for new technology firms. The so-called “Marmer stages” that the
firms performing in a consistent manner need to pass through – often via
iterations - while growing are Discovery, Validation, Efficiency, Scaling. If the
firm succeeds to pass these four stages, it matures and lives through the stages of
sustaining and conservation. The study also describes the conditions,
prerequisites and constraints to pass to next stages. Marmer et al. (2011b) state
that skipping or speeding out one’s knowledge on a previous stage will lead to
(business) failure at later stages and that this inconsistency is the most important
single reason for startup failure.
The Genome model seems to fit into the dominating stream of recent
process model development for SME growth as it underlines the dynamism,
reciprocity and iterations (Ingley, Khlif and Karoui, 2017; Torres, Kunc and
O’brien 2017) and thus offers a potential categorization for the time axis of
models shedding light on technology SMEs’ growth. Grönlund et al. (2010)
remind that “each activity is undertaken in parallel with others so as to enhance
speed to market.” Stage-based models (like other linear process models) are
unable to support the iterations and collaborations over company boundaries
that characterize development efforts today, whereas hybrid processes that
combine elements of agile and stage-gate models offer more viable options
(Sommer, Hedegaard, Dukovska-Popovska and Steger-Jensen, 2015). KM models
need to capture iterations and loops of action and decision making, since
problems lead to solution attempts, which are then tested or assessed and
possibly rejected thus leading to return to the problem where the accumulated
knowledge has changed the setting (de Barros Campos, 2008).
2.3.5

Change in technology-based SMEs

As technology-based SMEs seek growth and act within dynamic and volatile
environments and systems, they can be seen as systems that need to continuously
change and adapt (West and Meyer, 1998). There are differing views on how this
change happens: Are entrepreneurial change processes manifestations of
emergence, effectuation or causation? Emergence view puts weight on the nonlinearity (Lichtenstein 2000, 2009; Lichtenstein, Dooley and Lumpkin, 2006;
Goldstein, Hazy and Lichtenstein, 2010).
There are two distinct drivers of emergence: (1) Far-from-equilibrium
dynamics that trigger order creation, and (2) adaptive tension, which pushes a
system toward instability, leading to a new order emerging. (Lichtenstein, 2000).
As Lichtenstein puts it conceptually (2009): “In the far-from-equilibrium
approach, the entire system moves into a regime that is away from equilibrium;
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this far-from-equilibrium organizing leads to non-linearity, adaptive tensions,
and ultimately to perturbations of novelty. Under continuing far-fromequilibrium conditions, new order will emerge.” A pragmatic example of
emergence in new business development is the spread of smartphones in the
early 2000s: The industry moved to a state where each manufacturer had their
competing solutions and features. In terms of Abernathy and Utterback (1978)
and Utterback and Suaréz (1993) the dominant design had not emerged, i.e. what
was missing was a specific path, which would have established dominance
among competing design solution paths. Twenty years later the smartphones are
interchangeable for most customers and compatible across brands.
Effectuation viewpoint stands for taking “an active and agentic stance
toward resources” (Sarasvathy, Kumar, York and Bhagavatula, 2014) and
considers value as inherent in the notion of “resources”. Effectuation proposes
that resources are not stable but develop during effectual processes over the
course of exploration by a firm and its network (Villani, Linder and Grimaldi,
2018). Effectuating firms do not aim at predicting the future, but rather on seeking
to control it by developing partnerships and pre-commitments from various
stakeholders in the value systems of their business (Dew, Read, Sarasvathy and
Wiltbank, 2009; Chandler, DeTienne, McKelvie and Mumford; 2011). Business
practitioners effectuate by participating in standardization, joint research and
coordination efforts on value systems as e.g. in various smart grid consortia
combining electricity system stakeholders, industry or national level.
Causation model describes a process in which an entrepreneurs and firms
decide on a predetermined goal and then assess and select available ways of
achieving that goal. Central to this approach is the concept of intentionality (Katz
and Gartner, 1988; Shane and Venkataraman, 2000; Sarasvathy, 2001; Delmar and
Shane, 2003). In practice these processes in technology-based firms may relate e.g.
to supplier choices for outsourced operations, where the firm is able to give a
specification of the targeted outcome of the process and compare the means of
reaching them. However, causation may mislead a company, since relying on
(information and control) systems and focus on compliance with pre-decided
goals and objectives may not necessarily yield longer term organisational
competences in the dynamic business environments (Suikki, Tromstedt and
Haapasalo, 2006).
The three basic paradigms of change for an entrepreneurial firm are not
mutually exclusive, even though momentarily one of them may overshadow
others. It is realistic to assume that there are periods of goal clarity and resulting
planning-based views, whereas at times changes in the environment force a
reconfiguration in the way a form operates. No system is absolutely free form
temporal changes and anomalies.
Change is inbuilt into the nature of technology based SMEs, yet it sets its
own demands for knowledge for the firm and its stakeholders. These knowledge
needs are volatile and different states within the growth process need specific
sets of knowledge and capabilities. Koryak et al. (2015) identified two broad
forms of capabilities related to growth: substantive capabilities that enable firms
to compete in its markets on a daily basis; and dynamic capabilities, which
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enable extending, modifying or creating new substantive capabilities. These
capabilities are acquired differently in SME settings than a general firm level,
due to limited resources. The technological dimension also sets the demands for
fast development and change cycle times in technology-based SMEs apart from
the mainstream of SME companies. Table 4 summarizes the core findings on
time-bound moderation in technology SME development
TABLE 4

Time-dependent elements affecting technology-based firm´s development
and KM

Core tenets and contribution to this study
Time-dependence of technology business performance: Time-to-market and fast development cycles
(=agility) are of increased importance
Growth as an inbuilt phenomenon in current economic system and in technology business
Companies grow and develop via dynamic states and
iterate between these states in their trajectory

Change as a constant phenomenon in technology
business; Constant flux between periods/states of
emergence, exploration and intentionality.
Temporal (=time-related) ambidexterity: Firms run
different exploration and exploitation processes on
knowledge, with different time spans and narrowing
vs. widening funnels = planning vs scanning horizons
Anticipation is a KM process to interpret potential futures into present action to exploit opportunities
Knowledge capabilities serve for a) current performance (substantive capabilities) b) future performance in altered conditions (the substantive capabilities have become developed i.e. made dynamic)

Key sources
Griffin (1997); Afonso et al.
(2008); Abrahamsson et al.
(2002; 2003)
Coad (2009); Colwell and
Mowday (2011)
de Barros Campos (2008); Levie
and Lichtenstein (2010); Marmer
et al. (2011a, 2011b); Ingley et al.
(2017); Torres et al., (2017)
Lichtenstein (2000;2009), Shane
and Venkataram (2000); Villani
et al. (2018)
Kuusi et al. (2015); Yan et al.
(2016): Wang et al. (2019)

Dufva and Ahlqvist (2014);
Poli (2014)
Koryak et. al (2015)

2.4 Research gaps and initial framework for the study
Earlier, Section 1.3 presented the scope of this study – technology-based SMEs.
Section 2.4.1 summarizes the earlier research done on the knowledge
management modelling in this scope as well as highlights the areas that have
been uncovered and thus justify this study. Section 2.4.2 presents the initial
framework for the study that the researcher set to elaborate on, listing also the
main sources of prior literature that have contributed to the creation of the initial
framework.
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2.4.1

Earlier research and gaps in it on knowledge management in
technology-based SMEs

Despite the scarcity of research implications and resulting models for
technology-based SME context, some outlines and elements that would
contribute to strategies of coping with knowledge dynamics in entrepreneurial
context have been established. Ching-Yung (2018) described the essence of one
type of knowledge artefacts - intellectual property rights (IPR) - that they are for
a SME “like water that floats or overturns SMEs”, but also that “it’s impossible
for SMEs to invest all items of IPRs due to limited resource.” (ibid.) Earlier
research has identified the difference KM typically embodies in SMEs in
comparison with larger corporate entities (e.g. McAdam and Reid, 2001).
The shortcomings in SME knowledge management cannot however be
pinpointed to resources alone. Anand, Kant and Singh (2013) identified two key
main barriers to knowledge sharing in SMES: 1) lack of managerial commitment
to sharing and 2) poor or wrong understanding of the knowledge management
itself. In short, SMEs would need more knowledge about knowledge to be able
to act on it. How that would happen has not been elaborated on in larger volume.
Anand, Csepregi and Bodgány (2018) concluded that several publications have
dealt with knowledge creation in larger organizations, but creating knowledge
still was unexplored in SMEs.
Instead of depicting comprehensive KM models/frameworks for SMES
prior research has either modelled sub-processes of KM, e.g. design knowledge
absorption (Acklin, 2013), innovation transfer (Caputo, Cucchiella, Fratocchi,
Pelagagge and Scacchia, 2002) intellectual capital (IC) measurement and KM
implementation (Montequín, Fernández, Cabal and Gutierrez, 2006) or then
given overall recommendations for SME management for improved KM. Most
papers on SME-contextualized knowledge management discuss the needs and
processes with a cross-sectional view instead of a time-dependent evolutionary
approach. As Birchall and Tovstiga (2002) claim: “Many firms, particularly
smaller and medium enterprises, have still not translated a concern for improved
knowledge management into even the most rudimentary analysis”. The reason
can be a combination of resources but also in the lack of tools needed.
Earlier KM studies with foci in SMEs (e.g. Lee and Lan, 2011; Yew Wong
and Aspinwall, 2005; Martìnez-Conesa, Soto-Acosta and Carayannis, 2017)
propose generic knowledge management models and processes for SMEs
independent of their type. There are some studies focusing on technology- and
knowledge intensive SMEs, but they (Olander, Hurmelinna-Laukkanen and
Mähönen, 2009; Soto-Acosta, Popa and Palacios-Marquéz 2017) typically take a
specific action within knowledge management under study, like the three
examples above elaborate on Intellectual Asset Protection, Web Knowledge
Sharing and Technology Transfer sharing, respectively.
The most recent overall views of knowledge management processes in
knowledge-intensive SMEs are from Babtista Nunes et al. in 2006 and Alegre et
al. in 2013, so an updated view may be of need. Baptista Nunes, Annansingh,
Eaglestone and Wakefield (2006) pointed out the underlying potential of KM by
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stating that “SMEs, including knowledge intensive ones, acknowledge that
adequately capturing, storing, sharing and disseminating knowledge can lead to
greater innovation and productivity”. The gap between what could be and how
shows in the way“…their (SMEs) managers are not prepared to invest the
relatively high effort on long term knowledge management goals for which they
have difficulty in establishing the added value” (Baptista Nunes et al., 2006).
2.4.2

Initial framework for the study and its main sources

This study aims at creation of a new integrative framework of dynamic
knowledge management in technology-based SMEs and prospective practical
instantiations of the framework depicting the phenomenon under study for both
theory development and pragmatic usage. To build on the existing knowledge, a
study needs the initial or baseline framework to elaborate on. The essence and
anatomy of a framework can be understood e.g. via the definition by Miles and
Huberman (1999), who claim a framework for a researcher being a mechanism
that aids a researcher to decide the most relevant variables of which data should
be collected and analyzed. The framework can thus be looked from the researcher
angle, but it may also have validity in more pragmatic point of view. Fisher (2007)
coins framework as a description of causes and relationship between the
identified key elements of the framework. Element identification of the baseline
framework can be based on earlier literature, and the new knowledge created is
likely to lead a new version of the framework, with additional factors and new
relationships indicated by the results of empirical study.
This study in its different phases addresses many of the potential purposes
aligned by Schwarz, Mehta, Johnson and Chin (2009) as it integrates the previous
research and provides a new focus in the research stream. This study also
facilitates future research by findings of the separate articles and summary of the
primary empirical contributions from the articles. Additionally this thesis
synthesizes research to an actionable way for practitioners by establishing new
integrative framework and its instantiations. Table 5 summarizes the core tenets
of the theoretical base that the initial framework is derived from.
The initial framework for this study (Figure 7) is based on the research
setting and findings of earlier literature as a source of baseline models for
knowledge management and of the potential elements to be included to an
improved framework. The framework in itself do not present the knowledge base
of the study, but it depicts the most important issue areas to be included and their
relations to each other and to the whole. It is a framework for the study and
guides the researcher in his search for more detailed knowledge on the
phenomenon via empirical studies.
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TABLE 5
Model
elements
Change

Change

Actors/
Portfolio

Portfolio

Interaction

Change
Actors
Interaction
Growth

Key contributing constructs to the initial framework, premises for the study
and their key sources
Construct

Premises

Specificity of
technology business
Specificity of
Technologybased SMEs

Increased clock speed, increased uncertainty

Knowledge division: (Know)
What, How,
Why, Who
Knowledge
Portfolio

Knowledge as a
cumulative and
collaborative
asset
Knowledge
Management
transformations
over time
Growth as a
moderating factor to KM

Section
#
1.1.,
3.1.

Key sources
Fine (1998);
Mohr et al.
(2010)
Babtista Nunes
et al. 2006;
Ching-Yung,
2018
Zack,(1999)

Resource constraints in KM;
Unspecified and continually
transforming KM processes
at SMEs
Artefacts, Processes and Actors in KM interact

2.4.1.

Knowledge is made of
knowledge assets that interact: Knowledge contents,
knowledge processes,
knowledge infrastructure
and knowledge culture
Different organizational and
inter-organizational levels
and interaction within KM

2.2.2.

Birchall and
Tovstiga (1999;
2002)

2.2.2

Hedlund
(1994); Mentzas et al. (2001)

The (relative) resources of
KM stakeholders shift over
time.

2.2.2

Hedlund
(1994); Aime et
al. (2014)

Companies grow and develop via dynamic states and
iterate between these states in
their trajectory

2.3.4.

de Barros
Campos
(2008)¸Levie
and Lichtenstein (2010);
Marmer et al.
(2011); Ingley
et al. (2017);
Torres et al.,
(2017)
West and
Meyer (1998);
Lichtenstein
(2000;2009),
Shane and
Venkataram
(2000); Villani
et al. (2018)
Dufva and
Ahlqvist
(2014); Poli
(2014)

2.1.

Change

Change as a
moderating factor in KM

Change as a constant phenomenon in technology business; Constant flux between
periods/states of emergence,
exploration and intentionality.

2.3.5

Anticipation

Anticipation as
a moderating
factor of KM

Anticipation is a KM process
to interpret potential futures
into present action to exploit
opportunities

2.3.3.
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FIGURE 7

Initial theoretical framework: Dynamic knowledge management in technology-based SMEs

Actor 1 in the initial framework is the unit of the analysis of the study, a
technology-based SME that has its portfolio of knowledge assets (processes,
artefacts, resources) and goals of knowledge management. These assets a SME
sets to develop in interaction with other actors i.e. stakeholders. Both the internal
assets and goals of the SMEs as well as the ones of the other stakeholders – and
as a result their interaction- are likely to be transformed over time when the
elements of change, growth and anticipation that start moderating KM. The
underlying assumption is that a technology-based SME (as well as its interaction
counterparts) possesses not only one process or one set of artifacts that serve for
all KM purposes of the company, but it rather manages a portfolio containing
knowledge assets that call for variety of actions on them.
Despite the fact that the initial framework recognizes the impact of time as
a moderating element on KM in a technology-based SME, it is still a static model
as it cannot illustrate how the KM will change over time in regards of the goals,
processes, artefacts and resources. In that sense the model cannot be seen to
present a framework of dynamic knowledge management but a cross-sectional,
static view of KM, that admits the presence of time-dependent moderators for
KM. In addition, the knowledge and knowledge management are in the model
not depicted as uniform, indivisible entity. The initial framework builds on the
view that a modern company possesses and acts on multiple knowledge assets
simultaneously. The concept of knowledge portfolio is thus also included in the
initial framework.
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3 RESEARCH SCOPE, DESIGN AND
IMPLEMENTATION
This chapter summarizes the scope of the research and philosophical position of
the researcher describing and justifying the multiple methods used. Data
collection and analyses are described and finally the author reflects the work
done on quality criteria for qualitative research that the study relies upon.

3.1 Research scope – technology-based SMEs
The unit of analysis for this study is a technology-based SME and its knowledge
management process(es). As the name of the cohort of companies labelled as
Technology-based companies - whether big or small - implies, their raison d’être
and success of a firm is dependent on possessing and making operational some
specific knowledge. Ambiguity on what we talk about when we talk about
technology had already prevailed since 1970s (Hansen and Froelich, 1994).
NCTM (2015) claims that technology is made up of physical and digital tools.
This broad definition clearly would make most of the firms in modern era to be
technology companies.
To avoid the complex concept of technology, some scholars have replaced
the technology angle with a knowledge one. Most of the modern firms would
claim to be knowledge-based ones, since without some kind of knowledge
possessed they would not survive. According to Puentes, Ortiz and Rodriguez
(2016) a technology-based firm (TBF) contains following typical characteristics:
•
•

TBF is an SME company with intensive knowledge and immersion to
high-tech sector, based on the intensity of Research, Development and Innovation
TBFs produce goods and services through systematic application of technical and scientific knowledge, typically working in a project mode.
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•

Mostly, TBFs have an academic beginning and have linkage to collaborators such as incubators, research centers and universities for support and
infrastructure.

Mohr, Sengupta and Slater (2010) define technology-based firms as ones
operating in an environment characterized by 1) technology uncertainty 2)
market uncertainty 3) competitive volatility. These all refer to the dynamic nature
of the operating environment and address the firms´ adaptive capacity in order
to survive and grow. The other characteristics typical to technology-based firms
by Mohr et al (ibid.) put emphasis on issues on scalability and potential of the
spread of their solutions (economies of scale, increasing demand-side returns,
knowledge spillover etc.). Technology entrepreneurship can emerge where
developments in science or engineering make core elements of the opportunity
that enables the emergence of a venture, market, cluster, or industry as well as
potentially new business models (Beckman, Eisenhardt, Kotha, Meyer and
Rajagopalan, 2012).
Centobelli, Cerchione and Esposito (2017) identified three groups of SMEs
that differ in the stage of adoption of knowledge management systems: 1)
Companies in introduction i.e. SMEs that exploit practices and tools that are
already known; 2) Companies in growth, that adopt specialist practices of
knowledge management acquiring new organizational and managerial
competence in the KM field; 3) Companies in maturity that invest in new
technologies and acquire new competence in the field of knowledge management.
The units of analysis of this study fall into all three categories of Centobelli et al.
(2017), as some of the firms in the samples already have a longer tenure and firm
foothold on the market than just start-ups would have. Building on Centobelli et
al. (ibid.) it can also be stated that KM is a process of dynamic and evolving nature,
since a SME is not likely to stay in the same category throughout its growth
trajectory.
The prior literature has proposed an array of elements to be included in the
definition of technology-based firms and SMEs. This study decidedly uses the
concept of technology-based SMEs that contains characteristics from the
aforementioned categorizations as follows.
A company can be considered a technology-based SME if it is:
•
•
•

Entrepreneurial: Thy are not new ventures arms of larger corporations
nor joint ventures between them but independent in making choices of
action
Based on application of specific scientific and/or technological
knowledge: not just any SMEs. As a result, they are exposed to stronger
uncertainties than SMEs generally (Mohr et al., 2010).
Of different longevity: Not just new ventures or startups yet companies
that may have longer history. However the companies are still under the
upper SME size limit and thus are resource-constrained in comparison to
large corporations acting in technology industries
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3.2

Research philosophy

The research philosophy in this dissertation is inductive interpretivism. Instead
of a deductive approach where the researcher would have a pre-fabricated theory
to be tested and proven or refuted, an inductive method identifies the area of the
enquiry and aims at developing theory, or at least a model, out of the emerging
data. Inductive research moves from particulars to generalizations. The
researcher is observing the occurrence of the phenomena via his interaction with
respondents and then constructs a model based on observations of events and
processes. The earlier theories on the issue area under study do not determine
what the researcher will come up with as a result of his enquiry, though they may
inform and guide the final conclusions. Induction is an ampliative form of
reasoning as it adds to prior knowledge: the goal is a conclusion wider than just
repetition or confirmation of earlier premises (Strauss and Corbin, 1998; Malhotra
and Birks, 2005; Thomas, 2006; Ketokivi and Mantere, 2010). Collis and Hussey
(2014) describe induction as a process in which relationships between meanings
and actions of individuals are used as core units of observation and investigation.
One of interpretivism’s main tenets is that research can never be objectively
observed from the outside, but rather from inside via the direct experience of the
people (Mack, 2010). Furthermore, uniformal links that are established in natural
science cannot be made in the environment where different stakeholders
construct meanings. Therefore, researcher´s role in the interpretive study is to
“understand, explain, and demystify social reality through the eyes of different
participants” (Cohen, Manion and Morrison, 2007).
Above characteristics of the interpretivist paradigm were applied in this
this research that set out to explore the phenomena (knowledge and its
management) in a specific context of technology-based SMEs as experienced by
stakeholders involved in the issue area. An exploratory method is often chosen
when the goals of the research are: (1) to scope the magnitude of a particular
phenomenon and (2) to generate ideas about that phenomenon, or (3) to test the
feasibility of establishing more extensive studies regarding the phenomenon
(Bhattacherjee, 2012). This thesis does not have measurement in focus, but set the
goals for points 2 and 3 above: to explore initial ideas of how the dynamic
phenomenon could be described in form of framework and its instantiations and
give the research community input for additional elaboration.
The open-ended nature of semi-structured qualitative data collection also
underlines the exploratory nature of quest for knowledge in this thesis. The main
purpose of exploratory research is to seek novel insights and understand what is
happening in reality, as well as to ask questions and assess phenomenon or
phenomena from new angles (Rahi, 2017). This type of research is usually
adopted in early stages of research on issues in foci. Descriptive method of
research is linked to exploration, since it “refers to the type of research that aimed
at obtaining information on the current state of phenomena” (Rahi, 2017).
Hungler, Beck and Polit (2001) claim that descriptive research aims to observe
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and document a current phenomenon, which cannot be yet described with an
objective value. In this study, the author seeks to understand and interpret a
phenomenon as it has unfolded in the context of the studied companies’ and their
key persons’ cognitive models and operations, and, finally, describe the elements
and their relations to each other needed for modelling the phenomenon.
The concept of concatenated exploration refers to a process and the
resulting set of studies that link together - and cumulatively leading to grounded
or inductively generated theory (Stebbins, 2001). According to this principle,
studies performed in the beginning of the chain of the studies on a phenomenon
are likely to be predominantly exploratory in approach (ibid.). As the author of
this thesis claims (see Section 2.4 for detail) that the research looking at
knowledge management as a dynamic process has been low in volume. Also, the
number of studies focusing on SMEs has been limited, so there is a need for
concentrated research for this specific issue area.

3.3

Research methods

This study is using a combination of research approaches a.k.a. multi- or mixed
methods or triangulation to reach its objectives and come to its conclusions.
Generally, it has been accepted that a combination of approaches can yield
advantages (e. g. Hunt, 1994; Bryman, 2006) for generating a richer picture of
phenomena. It has been however discussed that since two paradigms often
represent opposing ontological assumptions, attempts to incorporate both
approaches would fail (Farquhar, 2002). To avoid the pitfall of contrasting
paradigms, this thesis operates based on inductive reasoning via different
approaches (exploration and conceptualization) and by using multiple methods
(quantitative, qualitative) to foster induction (Figure 8).

FIGURE 8

The method selection and research aims (the area in gray) for the study.
Adapted from Shaffir and Stebbins (1991)
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In order to benefit from the multi-method approach and avoid the potential
pitfalls, the research purposefully remained in the inductive field yet using
various methods to get to the inductions made in a justified way. In Figure 8 the
left column can be seen to represent the dynamic i.e. temporally sensitive nature
of knowledge management and knowledge management practices in
technology-based SMEs, that are a little-known (by research) phenomena.
Subsequently, views of general knowledge management in these SMEs and
anticipation as a process can be regarded as partially known (a large number of
individual studies, little agreement or combinations of them, limited volume of
studies in the technology-based SME context). The study, even though consisting
of six different articles did not address well-known phenomena, the column on
the right. With continuing study of the phenomena and accumulation of
knowledge, the topic area of the study can reach at a later stage the maturity for
hypotheses building and prediction.
To be relevant the inductive process must be analytical. Analytical
induction is a process in which the researcher first roughly defines an issue
(Bryman and Burgess, 2002). After that, appropriate cases are examined and as a
result of examination, possible explanation to answer the research problem is
formulated (ibid.). This description well suits the study in hand, as the picture is
created in a continuous process and new studies add angles to the formulation
of the description of the phenomenon as a whole. The initial framework for the
study was compiled based on earlier research. The empirical studies and data
derived and analyzed from them were the inputs to the resulting proposal of the
integrative framework of dynamic KM and its hypothetical practical
instantiations.
3.3.1

Qualitative research methods

This dissertation consists of five articles out of six that utilized qualitative
approach. Qualitative research was chosen as it is seen to be capable to “develop
a complex, holistic picture of the target” (Creswell, 1998). Another justification
for using qualitative approach was that the key informants, people interviewed
in the studies making together this thesis, were approached in order to learn the
way they construct and operationalize the issues under study. The focus of a
qualitative researcher is to tap into personal and professional subjective
experiences of the respondents (Daymon, Holloway and Holland, 2002). Meir
Shalev has been credited with saying that “the stories we tell are more precise
than the reality” (as referred by Taschner, 2017). This view stresses the
importance of the perceptions by (key) people within organizations and
processes to how reality unfolds for them. The cognitive maps and models of
people responsible for company and function management impact the scope and
performance (Calori, Johnson and Sarnin, 1994; Goodhew, Cammock and
Hamilton, 2005) and thus make a relevant object to study.
Case study research is a strategy to obtain a thorough understanding of the
researched phenomenon by using multiple angles. Case studies tend to feature
complex and holistic descriptions (Stake, 1978). Article VI (a book chapter) in this
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study includes key findings of a single case study. The case was consequently
approached by using multiple stake-holder groups (owner-managers, internal
experts in the firm, external experts in the industry in question, external experts
in SME financing and business development) to have a variety of angles when
analyzing the case. Themes included in the case study to guide the inquiry and
research design were pre-planned, but they remained subordinate to the
understanding of the case approached with an exploratory mind, following the
principle by Stake (ibid.). Eisenhardt (1989) identifies case study research as an
early part of the research continuum to understand a phenomenon: it suits new
research areas for which the existing theories seem to be inadequate and thus call
for amplification.
3.3.2

Quantitative research methods

In Article V, the data were collected and analyzed with a quantitative approach.
The target was to find out the possible significant changes in the self-assessments
of knowledge across sub-categories (strategic planning, IPRs, marketing and
sales, finances etc.) of participants to an entrepreneurial coaching program.
Likert-scale assessments were collected at three different points in time (pre, post,
1-year-post the program).
Survey-based collection of quantitative data from a small pool of
respondents was also chosen based on data quality viewpoint. The researchers
were themselves stakeholders (developers + instructors) in the entrepreneurial
knowledge-building program under study, thus their involvement into
qualitative data collection (e.g. via interviews) and data interpretations might
have presented a bias based on social acceptability (Singleton and Straits, 2005).
3.3.3

Conceptual Research Methods

In Article III, the research approach was conceptual, not consisting of analysis of
empirical data. Conceptual research is often a preliminary stage in a wider
research process, used to clarify research questions and hypotheses and also used
as a reference point to interpret empirical data collected. Conceptual and
empirical research are thus intertwined in the creation of knowledge for
objectivist researchers (Xin, Tribe and Chambers, 2013).
Creative conceptual research aims at both developing new concepts as well
as reinterpreting and rearranging the existing ones. (Kothari, 2009). In this case,
the new conceptual model was created to fuse together two previously separate
concepts of literature of anticipation methods as well as to propose new
taxonomies for anticipation methods.

52

3.4 Data collection and analysis
As this thesis is built on cumulative knowledge surging from six studies, the
research design and approach used for each study are described in the original
articles of the respective studies attached to this thesis. This section summarizes
the methods used and their justification as reflected against the research scope
and objectives. The datasets collected and analyzed in the articles were using
samples deriving from the target population of the thesis: technology-based
SMEs.
Table 6 presents the number of case companies, interviewees, survey
respondents and researchers involved in data gathering and analysis in each
article. The sampling of the interviewees in this study followed the principles of
purposive sampling. Purposive sampling (Lincoln and Guba, 1985) is based on
informational, not statistical, considerations. It aims rather to maximize
information than facilitate generalization, and thus the criterion invoked to
determine data collection is informational redundancy and saturation of data, not
a statistical confidence level.
TABLE 6

The samples and cases in the articles for the thesis.
Article
I

Article II

Number of
companies/
startup
teams
Number of
interviewees/ respondents

10

3

10

2+1
studied
from text
sources

Number of
researchers
involved

2

3

Article III
(conceptual)

2

Article
IV
5

Article V
(quantitative)

Article VI

6

1

5

27/28/18
across different time
points of
measurement
t0, t1, t2
4

7

4

1 (2 in the
reviewed
study
within
Article)

In Articles I, II, IV and VI a qualitative approach was applied based on data
collection via semi-structured interviews. The semi-structured interview
approach relies on the idea that the respondents can raise issues they consider as
important even though the researcher may not have included them in the original
plan. Interview as the primary mode of data collection was also suitable due to
the potential lack and of a single common terminology when discussing the
research topic. To avoid this pitfall and deal with individual interpretations of
53

questions and expressions, the interviewer can decrease research inaccuracies by
explaining the core logic of questions to the interviewee (Oppenheim, 2000) and
match the context of questioning and answering (Malhotra and Birks, 2005). All
interviews were recorded, transcribed edited verbatim and subjected to content
analysis for pattern recognition (Yin, 1989). The studies utilized either small yet
relatively homogenous samples of Finnish technology-based SMEs or a single
case via multiple respondents (Article VI).
The quantitative data collected in Article V was subjected to descriptive
statistics and further to a Mann–Whitney U test, which was chosen by excluding
other options. For example, the Wilcoxon signed-rank test would have needed
the exact same number of data points from the two measurements to be
compared, and the small sample did not allow a standard t test to be performed.
However, as the same sample population was contactable, the quantitative
analysis was applied. The descriptive statistics gave indication of achieved effects
on knowledge building, so the statistical significance test was conducted to check
the statistically significance of these indications.
The data analysis in this thesis follows the pattern and theme logic. Pattern
theories of research are regarded to be “sensitive to and reflective of human
systems” (Lincoln, 2005). Furthermore, pattern logic guides researchers to see
phenomena under enquiry as elements of wider interconnected and more holistic
systems. (Lincoln, 2005). To achieve the pattern, the elements of the pattern must
be identified. To achieve that, themes can be identified by bundling together
components of ideas or experiences, which would be often meaningless when
viewed in isolation from each other (Leininger, 1985). Next, themes emerging
from the informants’ stories are joined together to form a comprehensive picture
(Aronson, 1994). In other words, analysis used in the context of framework
building is a process in which a researcher sets out bins or baskets that contain
things belonging together in their essence. Next the researcher names the baskets
and clarifies their relationships (Miles and Huberman, 1999).
Jain, Duin and Mao (2000) define the idea of pattern logic as a process in
which one observes the environment, learns to distinguish patterns from their
background and make sound and reasonable notions and conclusions about the
categories of the patterns. This thesis follows the aforementioned model in
summarizing the primary empirical contributions of the articles included and
arranging them into an integrative framework based on the patterns recognized.
The resulting framework is informed by both prior-art research of the
phenomenon that is summarized in the initial framework for the study along
with researcher’s own empirical contributions that further develop the initial
framework to a new pattern.
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3.5 Reflection on research quality: Validity, Relevance, Rigor and
Reflexivity
Judging the quality of qualitative research can be based on many viewpoints.
Hammersley (2016) suggests that validity and relevance are essential for
assessing qualitative studies, commenting however that these criteria are not
straightforward to assess and, thus, require judgments. For validity
improvement, Mays and Pope (2006) suggested procedures of triangulation,
respondent validation, clear detailing of methods of data collection and analysis,
reflexivity, attention to negative cases, and fair dealing. Hammersley (2016) adds
reflexivity as an equally important measure as to relevance and validity.
Reflexivity stands for adequate focus of the researcher on self-knowledge and
sensitivity to better understand the role of self in the knowledge creation. This
way the balance between the personal and the universal can be maintained
(Berger, 2015).
What would be called (internal) validity in quantitative research design, the
internal validity is also referred to as credibility in qualitative approach.
According to Thomas and Magilvy (2011), achieving credibility occurs “by
checking for the representativeness of the data as a whole”. To establish
credibility, a researcher reviews the individual transcripts, searches for
similarities within and across respondent pool (ibid.). Golafshani (2003) notes
that the credibility of a qualitatively constructed research depends on the
capability and the effort put to the process of the researcher. One demonstration
of validity according to Creswell and Miller (2000) is use of multiple methods,
triangulation, validity-enhancing procedure where researchers aim at
convergence between multiple sources of information to form themes in a study.
Whether the term validity or credibility is adopted, the research in hand has used
multiple methods (and users) to enhance the research quality. In addition, the
path of reasoning from the findings in the individual articles to primary empirical
and conceptual contributions (PECs and PCCs) of the study to resulting
frameworks created should also do its part of proving the credibility of the study.
Improvements on the validity would have been more rigorous treatment of
qualitative data, though the richness of data in expression and lack of earlier
studies in the context would have made creation of word and theme libraries for
coding the data extremely difficult to perform without risk of loss of important
larger themes.
Since the criteria of reliability is mostly out of reach in qualitative and
inductive research, dimensions of relevance, rigor and reflexivity are employed.
Relevance represents the level of understanding reached of individual behavior
resulting in appreciation of the researcher’s emerging understanding of their
situation (Wilson, 2003). Benbasat and Zmud (1999) put an emphasis on rigor
over relevance; their concern being establishing an academic discipline on the
traditional model, rather than seeking to address the concerns of practitioners.
Stige, Malterud and Midtgarden (2009) coin the term of reflexivity as a principle
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of first articulating questions tacitly underlying and motivating the research and
then evaluating their legitimacy and relevance.
This thesis process has demonstrated relevance for the academic
community that has accepted papers addressing the topic to be published and
given feedback via the events or publications they have appeared in. In addition,
the practitioner community taking part in the thesis process as informants has
been able to follow the question setting of the researcher(s) and contribute their
views and experiences to the research process. Rigor has taken place in the way
the researcher has followed the research tradition of methods chosen. This study
follows the models of qualitative interpretive research but also aims at delivering
relevant contribution to the practitioner community, returning the findings based
on empirical findings back to practice. Reflexivity may be the quality construct
hardest to assess, but the underlying questions and motivations for the research
have emerged from the observed lack of research and tools in the field of the
study and not of pure personal interest. The researcher has been able to approach
the issue area from the quest for knowledge from a neutral angle, open-mindedly
and without dependency of any party that might have harmed the fairness of the
research process.
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4

RESEARCH CONTRIBUTIONS

This thesis´ contribution to knowledge is an accumulation of individual studies,
the results of which have been published between 2016 and 2018. This chapter
provides (in Sections 4.1 to 4.6) the reader a summary of each article, its objectives,
and findings summarized as primary empirical contributions (abbreviated as
PECs, Articles I-II; IV-VI) or primary conceptual contribution (PCCs, Article III)
to the main quest of knowledge of the thesis. After a separate treatment of each
article, the PECs and PCCs are collected in a summary table in Section 4.7, which
also explains the impact of PECs and PCCs to building of the frameworks. The
PECs and PCCS are introduced in the order in which they appear and numbered
accordingly. Section 4.8 proposes a framework for dynamic knowledge
management for companies in the focus, technology-based SMEs. Figure 9
illustrates how individual articles contribute to the knowledge areas of literature
review and initial framework.

FIGURE 9

Contributions of the articles to the knowledge areas of the thesis
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4.1

Article I results

Saukkonen, J., & Kreus, P. (2018). Extending the Concept of Knowledge
Management into Innovation and New Business Creation. In Proceedings of the
International Conference on Creativity and Innovation 2018, September 10-12, 2018,
Osaka. Japan Creativity Society and Kindai University, pp. 11-26.
Objectives
In Article I, the authors highlight the views and strategies of SMEs in Finland in
managing present and future-related knowledge in order to create and improve
business value. The research approach was qualitative. Data was collected in 10
semi-structured interviews conducted in the first half of 2018 with the people
responsible for KM processes in the interviewed Finnish companies that were
knowledge- and/or technology-intensive. The interviews were recorded, edited
verbatim and subjected to thematic content analysis for pattern recognition and
typology creation. The specific interest was to identify how the use of means of
knowledge protection (patents, utility models, trademarks, trade secrets,
copyrights etc.) are balanced with the knowledge management processes and
principles aiming at new knowledge creation and innovation and thus new
business value creation. This depends on how key individuals conceptualize and
operationalize KM practices in their own work and in the innovation processes
within the companies.
Findings
Based on the qualitative data gathered, the authors were able to recognize two
core dimensions to which knowledge management actions and processes can be
categorized. This double dichotomy is built on two axes: 1) approach (getting to
values of operational vs. strategic) and 2) dimension (internal vs. external).
The first axis makes a distinction in the processes that are “purely”
operational vs. having a more strategic view embedded. Opportunistic/fully
operational decisions are done for the current situation and with the prevailing
resources, and where decisions are weakly linked to future decisions. Strategic
decisions take place in somewhat predictable conditions but in a timeframe that
gives an opportunity to rearrange and acquire additional resources. The second
axis is concerned with whether the processes and practices are internal vs.
external, the latter ones including also stakeholders outside the company.
The findings indicate that:
•
•

The conclusions of earlier scholarly work of resource-constraint of SMEs in
KM were confirmed: The interviewees had recognized needs and/or had
plans to advance KM policies and practices that were in use at the time.
Taxonomy from the interviews shows the tendency of SMEs to largely use
measures that are internal in dimension and operational in approach. Active use of external parties – especially so when the action would be more
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•

•

•

far-reaching (in time and in search for novelty) – was less practiced although the opportunities and needs for external participants were recognized
The interviews yielded more considerations concerning knowledge protection than knowledge creation and dissemination, indicating that SMEs do
not conceptualize knowledge management as broadly as the models of KM
(often based on larger company context) would imply.
The study confirmed the assertion of earlier literature that SMEs’ capabilities to a certain extent, equals the roots of the company (e.g. what the spinoff firm can bring to KM from its parent company) and the key people (typically founder-owner-managers) in them – the legacies. Also, the career legacy of people responsible for KM within SMEs should be considered as a
factor affecting attention to KM and choices within it. The knowledge domains that key individuals feel comfortable with and the personal mark
they want to leave to the company affect choices in KM processes.
The clarity and explicitness of KM processes evaporated over timespan.
Companies have clear models and processes with organizational responsibilities to deal with imminent knowledge management needs, but as the
scope moved from “now” to the future, the descriptions of the processes
and policies became fuzzier or more ad hoc.

Summary and contribution to the whole
The findings showed that the dimensions/categories of KM processes, resources,
impacts of legacies and time-dependent variation should be included in an
integrative framework for dynamic KM in technology-based SMEs. These
findings are contributions to the main expected contribution of this thesis as a
whole and presented as such in Section 4.8. The study also contributed to the
framework building by showing that firm- and individual-level legacies (either
in a form of contributive resources or constraints) affect the way KM is
conceptualized, planned and practiced within technology-based SMEs.
Article I produced the following primary empirical contributions (PECs) for
building the integrative framework of dynamic knowledge management and its
potential instantiations:
PEC 1: SMEs focus KM in internal (vs. involving external parties) and
operational (vs. strategy-bound) action
 Impacts to framework building: Company boundaries and network
boundaries needed. Preference on short-term and less-strategic KM
action, KM is only in part strategy-driven
PEC 2: The impact of (career) legacy of key individuals to KM in SMEs
 Impacts to framework building: The challenge of cognitive bias vs.
experience-based expertise in KM
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4.2 Article II results
Saukkonen, J., Harju, M. & Kreus, P. (2019). Intellectual Property in the Era of
Increased Clock Speed: Return of Knowhow? In M. Sargiacomo (Ed.), Proceedings
of the 10th European Conference on Intangibles and Intellectual Capital ECIIC 2019,
University of Chieti-Pescara, Italy, 23-24 May 2019. pp. 244–252.
Objectives
Article II investigates, through a multiple case study, how technology-based
SMEs’ development has been affected by two knowledge management-related
trends: Modern companies are undertaking ventures in context of accelerating
clock speed and in context of collaboration. The new context of speed refers to
the shorter life cycle for solutions and technologies, demands for fast and lean
methods of development, along with agility and adaptability to the environment
in constant change. Abilities in this area and knowledge needed for it is seen to
pay-off in a reduced risk of obsolescence and ability to meet the shortening
window of market opportunity.
The new context of collaboration builds on the notion that innovation today
is an additive and cumulative process. Novel findings typically require systemlevel understanding and activities where knowledge is built on knowledge.
Technological advancements tend to generate knowledge spillovers that enable
further advances in new areas and networks not in the original scope of
development effort.
Companies establishing protectable knowledge artefacts such as
Intellectual Property Rights (IPRs) see them as crucial instruments to gain
freedom-to-operate, attract funding and create partnerships to widen the
knowledge pool that then enables the development and market entry of the final
product and solution. The current systems established for managing intellectual
property of companies are mostly geared towards proprietary rather than
cooperative/cumulative nature of knowledge creation and ownership. The study
wanted to identify how this view complies with the context of cooperation.
Findings
The study indicates that instead of managing one action or one knowledge
artefact, the current business environment requires meta-skills of knowledge
management – knowledge on how to deal with altering demands and
contradictory forces for knowledge under development and exploitation. The
paper proposes that the concept know-how, dormant for some time in academic
and professional literature, could be re-instantiated in knowledge management.
These process capabilities can be seen to offer a more solid basis for survival and
success than any single innovation or protected piece of proprietary knowledge,
since a processual capability has potential to yield a constant flux of knowledge
artefacts and the obsolescence of some artefacts is counterbalanced by longevity
of others.
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Article II underlines the importance of firms´ ability to comply with highspeed demands and balance that acceleration with the risk involved. The paper
also points out the double-edged nature of collaboration: Knowledge sharing and
dissemination exposes a firm to a loss of proprietary knowledge, especially in
networks with imbalanced power positions and dependencies. The conventional
means for protection of knowledge aimed at decreasing that risk are not well
compatible with the new demands of higher clock speed. Article II proposes that
the risk can be decreased with the deployment of contractual rather than third
party granted knowledge artefacts.
Summary and contribution to the whole
Article II indicates that rather than specific and detailed knowledge on individual
knowledge elements or instruments, technology SMEs should adopt a more
holistic perspective. A technology-based company should recognize the speed
needed for the knowledge exploitation in the market and balance that with the
speed achievable in getting the needed knowledge-related artefacts in place. A
technology SME needs the ability to identify the opportunities for collaboration
as well as related risks and use correct means to achieve the desired outcome in
a targeted timeframe.’
The PECs of Article II can be articulated as:
PEC 3: Increased demand for higher speed knowledge processes and the
(partial) incompliance with instituted IP protocols
 Impacts to framework building: Division to parallel processes with
different speeds and for different knowledge assets
PEC 4: Increased demand for collaborative practices in KM and related risks
 Impacts to framework building: Firm interfaces with the environment,
mechanisms and artefacts for collaboration
PEC 5: Request for meta-capabilities of knowledge = knowledge of knowledge
more valuable than individual knowledge artefacts
 Impacts to framework building: Process vs project/ product-related
knowledge, portfolio approach

4.3 Article III results
Saukkonen, Juha & Bayiere, Abayomi. 2017. Torn between funnels: start-up
entrepreneurs' dilemma of getting started and preparing for change. In J. Mitra
(Ed.), Conference Proceedings, Volume 2: Research and Reflective Papers. 15th
International Entrepreneurship Forum (IEF) Conference. Essex: University of Essex,
pp. 414-433.
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Objectives
The work leading to this exploratory conceptual paper can be traced back to the
authors’ earlier work on anticipation practices, especially in the area of
technology foresight. The paper focuses on the contradictory nature of the two
views related to future-orientated KM treated in the earlier literature –
Innovation vs. Scenario Funnel. As technology-based companies are by nature
future-oriented but time- and resource-constrained when facing the plethora of
options. Both practitioners as well as the academic community would benefit
from an orientation on how these two paradigms of narrowing and widening
funnels could be brought together.
Findings
Article III states that two existing frameworks (funnels) are colliding
conceptually especially in the mid-term timespan. The Innovation Funnel builds
on the idea that when looking from the present to the future the firm is narrowing
its scope and moving from a wide array of options to the final solution thus
rejecting parts of available knowledge as non-relevant. The Scenario Funnel
inversely suggests that the more in the future the scope is, the wider is the range
of issues to be considered in the development activity of the firm. These
differences of scope and mindset are also highlighted in the earlier research by
proposing that the Innovation Funnel operates on the planning horizon and
Scenario funnel on the scanning horizon. What the earlier theorists have not put
weight on is the fact that pragmatically the two horizons are not optional, a firm
needs to be able run the two funnels or horizons simultaneously.
In Article III, the authors present a model for knowledge tool/method
selection in the form of two scanning and planning diamonds - following the
model by Popper (2008) for futures foresight tools. The diamond 1 uses the axes
of narrowing vs. widening scope of inquiry and short- vs. long-term view,
whereas diamond 2 uses the axes of low vs. high company resources and
individual vs. networked industry type. As typical is for a conceptual paper, the
elaboration of the model at later instances is expected to improve the models for
both theory building as well as for practical purposes.
Summary and contribution to the whole
Article III notes that time is a critical resource for technology companies in an
increasing manner. There are forces acting for accelerated pace of development
and market-entry, proposing the firm needs to make quick decisions on the
exploitation of the knowledge the firm possesses and considers relevant for the
window of opportunity. Simultaneously, looking at the uncertainty and volatility
of knowledge, companies in the technology business need to continuously
engage in scanning a wide array of potential technologies that may present a clear
discontinuity to the knowledge possessed at present. Article III thus contributes
to the construction of the integrative model on dynamic knowledge management
by bringing the anticipation at different time spans to the core of meaningful KM
in technology-based SMEs. The paper confirmed in its part the need of temporal
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ambidexterity (short and long-term views combined) as a key capability for
growth-seeking enterprises.
Article III contributed the following Primary Conceptual Contributions
(PCCs) for the construction of the frameworks:
PCC 6: Collision of scope and focus between short-term (planning) and longterm (scanning) horizons in KM
 Impacts to framework building: Combination and impact of time scopes
into KM process
PCC 7: Proposal for taxonomies to assist in the correct choice of planning tools
and methods
 Impacts to the framework building: Examples of anticipation method
choices based on scope, resources and industry-type

4.4 Article IV results
Saukkonen, J., Vasamo, A. L., Ballard, S., & Levie, J. (2016). Anticipation of
technology as an entrepreneurial skill. In Proceedings of the 11th European
Conference on Innovation and Entrepreneurship. Reading: Academic Conferences
and Publishing International Limited, pp. 717-725.
Objectives
Article IV aimed at exploring the approaches, strategies and practical processes
that technology-based SME are applying in anticipation of technologies. The
study approach was qualitative ones. Data were collected in semi-structured
interviews with the key people for KM in the companies. Earlier literature had
indicated that the choices of approach by the key stakeholders are both affecting
the process itself but also the cognitive level: these choices have an effect on how
companies view new knowledge as a whole (Boe-Lillgraven and Monterde, 2015).
It has been proposed that critical futures research in commercial organizations is
scarce and urgent matters tend to drive out the important ones (van der Duin,
2004).
Futures research should be done as a collaborative (network or
industrywide) effort (Patton, 2004; Dufva and Ahlqvist, 2014). This might put
SMEs into a weaker position, since they may lack the necessary connections for
wide and deep anticipation. On the other hand, since innovations often take place
at the intersection of traditional industries, SMES might even benefit from their
position in the margin of existing industries and being less bound by sustaining
innovation based on current business portfolio (Kostoff, Boylan and Simons,
2004). However, subsequently SMEs must then tap into the knowledge pools of
various networks. These findings of resource scarcity vs. potential advantages
acted as motivators for the study.
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Findings
The study confirmed the relatively short timespans operationalized in
anticipation. This can be understood from two different viewpoints: Either
urgency overrules the longer-term relevancy or/and the SMES aim for maximum
agility and act in reactive mode. One respondent coined their cognitive approach:
“This flexibility and adaptability is the only true competitive approach we have
when entering the markets”. This confirms the earlier findings in the literature
(e.g. Patton, 2004) stating that taken in account the inherent unpredictability in
new technology, overly structured plans made for future may be limiting if not
dangerous.
However, poorly structured approaches on anticipation, such as the one
identified in the study and named “loose environmental scanning” may not serve
the purpose. Instead, a well-defined and ongoing process may reveal the
uncertainties and options that help the company to make the right choices early
on and thus add on their agility. The other two approaches identified were: 1)
Company-based technology evaluation and selection and 2) Network-based joint
scenario creation demand both a process owner/driver (person or company
within the value chain) as well as structured process and documentation, hence
increasing the demand for structure and documentation.
Summary and contribution to the whole
The main contributions of the study are that technology-based SMEs are a
heterogeneous group in what comes to the role of anticipation in KM and efforts
in it. The scope of studied SMEs tends to be rather short unless they are part of
the value chain of an established industry. The SMEs studied aimed at balancing
the agility to adapt to volatile conditions with having views on the future
directions. To decrease the risk of “betting wrong” technology SMEs studied
preferred to keep many optional directions open - that leads at times to fuzzy
outlooks and processes. The nature and dynamics (e.g. product life cycles) of the
industry they are part of or supply to also impacts approaches on anticipation.
The findings of the earlier literature highlighting the emphasis of knowledge
management action extending over firm´s boundaries as well as high rate and
speed of change affecting SMEs’ knowledge management were supported.
Article IV provided the following PECs and resulting implications for the
construction of the frameworks:
PEC 8: The large variety of scope and methods in anticipation by Technology
SMEs
 Impacts to framework building: No single method –path constructible,
different time scopes call for different approaches and action
PEC 9: Methods of anticipation differ in their open-endedness and agility +
the explicitness of the results obtained
 Impacts to framework building: Dynamics in the development
trajectory need different approaches. Networking for anticipation may
reduce the risk but demands coordination.
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4.5 Article V results
Saukkonen, J., Nukari, J., Ballard, S., & Levie, J. (2016). Start-up entrepreneurs
and university students in a co-learning mode: Learning effects of a collaborative
entrepreneurial coaching programme. Industry and Higher Education, 30(3), pp.
224-238.
Objectives
Article V is based on evaluations of impacts to self-assessed levels across
entrepreneurial capability areas in a program aimed at first-time science- and
technology entrepreneurs and students of university to whom this program was
an optional specialization course in technology entrepreneurship. The selfefficacy was measured at three different time points – t0 was the baseline
measurement based on participants’ perceived level of knowledge prior to the
implantation of the program. The eight-week development program consisted of
introductory lectures, exercises (done in teams made of entrepreneurial team
members and students), coaching sessions and the final presentation to a panel
made of professional business developers and investors. In the next assessment
(t1), the participants self-assessed their capabilities right at the end of the intensive
coaching and learning period. The same sample of respondents was again
approached at t2 one year ex-post to the program.
The objectives were to study the impact of a formalized, case-sensitive (via
coaching and exercising the participants’ own start-up company/business idea)
intensive development program: The goal was to study the impact of the
program across different areas of entrepreneurial knowledge and its longevity vs.
perceived deterioration over time.
Findings
The findings of the descriptive statistics analysis showed that between t0 and t1
(i.e. the short-term effect - self-assessment of capabilities ex-ante vs immediate expost) of the development program across all knowledge areas (Strategic planning,
IPR and tech management, Marketing and sales, Competition and alliance
knowledge, Operations, Management and staffing, Financial planning,
Presentation Skills) showed that both groups (entrepreneurs and students)
reported improvement in all knowledge areas treated in curriculum of the
program
By applying the measure of statistical significance (Mann-Whitney U-test)
the picture changed: For start-up entrepreneurs the improvement from t0 to t1
was significant in four out of seven knowledge capability areas, while the colearning students showed improvement in three out of seven capability areas.
When the perceived self-efficacy on knowledge was assessed again at t2,
one-year ex-post to the program:
•

the entrepreneurs reported on most knowledge areas lower values to
their perceived capability that in t1
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•
•

the students participating the program reported in most continued improvement or retention of capability levels they self-assessed at t1
the changes between t1 and t2 , however, did not have statistical significance

Looking at the longer-term effect of the organized learning to technology
entrepreneurship –knowledge against time – a comparison between perceived
self-efficacies between t0 and t2 (ex ante the program and one-year ex post):
•

•

for entrepreneur-cohort only one knowledge area - Marketing and Saleshad been significantly (according to statistical test) improved for the
longer term period
for the student-cohort the improvements had held in a significant manner
on three areas - Strategic Planning, IPR and Tech Management, Competition and Alliance Knowledge for the t1 to t2 period

Summary and contribution to the whole
The study revealed the typical characteristics of volatility and dynamism related
to knowledge in technology-based SMEs set to learn and grow.
Knowledge is bound to time – when the entrepreneurial venture and
entrepreneurs in it proceed, the content and level of knowledge-required changes,
causing re-assessment of self-efficacy. New states of development require new
solutions that the learning program could not fully anticipate and address at the
time of the implementation.
The perceived level of knowledge is bound to context: The students – who
did not have to put their learning into practice - reported higher levels of
knowledge possessed than the entrepreneurs who need to put their knowledge
into test in their business environment.
Even the core knowledge that a science- and/or technology-based company
is founded on – IPR and technology management gets lower scores from the
entrepreneurs one year after the formalized learning than right after it. The
authors inductively interpret that the collision of the boundaries of entrepreneurs’
knowledge with the real-life demands of the market – something that students
did not need to live through. While the entrepreneurs’ knowledge faced the
reality between t1 and t2, the student continued their academic learning path
containing additional theoretical learning of the capability areas.
On the other hand, the study showed how significant improvements can be
achieved in technology-based SMEs by short intensive interventions. These
interventions are likely to have a more lasting and, thus, important impact if they
address knowledge areas – in this case Marketing and Sales – that is not a part of
the earlier knowledge pool of entrepreneurial team.
The PECs and resulting impacts surging from Article V for the construction
of the frameworks are:
PEC 10: Relativity of knowledge value possessed to real-life demands in
implementation
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 Impacts to framework building: Iterations in KM based on the value
chain and market feedback
PEC 11: (Rapid) devaluation or obsolescence of knowledge in tech business
environment
 Impacts to framework building: Pressure for concurrent knowledge
validation and adaptation – need for personal knowledge growth
and/or knowledge pool enlargement

4.6

Article VI results

Saukkonen, J. (2018). Entrepreneurs and growth: An option, obligation or
obsession. In Entrepreneurship: Development Tendencies and Empirical Approach, 1.
Zagreb: InTech Open. pp. 3-33.
Objectives
Article VI focuses on issues related to business growth as a phenomenon and
growth processes within the field of entrepreneurship. Growth seems
conceptually a straightforward concept, yet it is has been viewed and
conceptualized in diverse ways. Article VI describes the nature of growth by
looking at its rationale, dimensions, process and factors influencing it. Article VI
contains an overview of a separately published single case study of a technology
SME, where some of these considerations are put into a practice and empirical
contributions are used to develop a conceptualization model of growth processes.
Findings
Article VI indicates how, for certain types of companies, growth is not an option
but rather a pre-set condition to existence and survival. This set of growth-bound
enterprises also contains the cohort of companies in the focus of this thesis,
technology-based SMEs. The needs to grow surge from the funding base of such
companies, invested assets demanding a steeply rising curve of returns to
balance the high uncertainty. Also, there are short windows of opportunity for
technologies and technology-based solutions (along with the abundance of
competing solutions and technologies) which forces companies to get to the
market early and obtain shares of growing markets. When doing this,
technology-based companies embrace a continuous process of change often
depicted in entrepreneurial research as growth processes.
Article VI points out that despite the recognized overall growth opportunity
and imperative for technology SMEs, no law-like sequential models can be found
in the literature that serve as a prediction of the growth trajectory of an individual
firm. Modern theories and frameworks of growth have largely abandoned stagebased and sequential-only models. Rather, there are recognizable elements and
dynamics states that form the part of that trajectory. The article builds and
elaborates on that stream. When moving between those states SME companies
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need to acquire, further develop and even abandon some knowledge related
assets. Article VI proposes a new two-cyclical model where a company runs the
growth processes (exploiting the knowledge acquired via Research,
Development and Innovation work done) and start-up process (knowledge
creation and search for new opportunities via new innovation and discovery) in
parallel. The empirical single case study, shortly reviewed in Article, identified
the need for evolution and change of the entrepreneur´s role, inputs and
constraints in the growth trajectory.
Summary and contribution to the whole
Article VI indicates how the multifaceted nature of growth impacts the way a
modern firm needs to be managed. The knowledge assets and competences in a
technology-based SME both need to be exploited in a short time span as well as
need to be complemented with new knowledge via strategic and structural
growth. The article proposes that a relevant picture of a technology SME is an
organism that runs multiple and cyclical processes that act on knowledge and
impact knowledge in diverse ways.
The PECs and their effects to the building of the frameworks of Article VI
are:
PEC 12: Cyclical nature of growth processes within Tech SMEs
 Impacts to framework building: Iterative processes, need for backlogs
and reverting to phases passed
PEC 13: The changing role and profile of founder-owner-managers (FOM) in
the growth trajectory
 Impacts to framework building: Layers for knowledge managements
action (individual, project, enterprise) – the relative emphasis over time
in the growth trajectory
PEC 14: Growth as an obligation for Tech SMEs + implications for different
areas of growth (e.g. strategic/structural/assets)
 Impacts to framework building: Dynamic nature of SME –crosssectional view does not fit in the context specificities

4.7 Accumulated contributions of the study – primary empirical
contributions arranged
The PECs and PCCs that surged from the articles making up the knowledge body
of this thesis are presented in this section. Each article had its own main focus
and contributed to a specific (in some cases more than one) element of the initial
framework and/or the practical instantiaions of that framework.
The PECs in Table 7 are arranged according to the order of the articles and
as they were described and analyzed in Sections 3.1-3.6 summarizing the PECs
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and PCCs of each article. Next, their impact to the building of the new framework
has been summarized and reflected against the findings of prior research. The
last column of the table tells how the PEC has contributed in the form of
theoretical and/or practical managerial contributions and thus yielded to the
resulting construction of an integrative framework (Section 4.8) and its practical
instantiations (Section 5.2).
TABLE 7

The Primary Empirical and Conceptual Contributions (PEC and PCCs) of the
study
Article
#
I

Connection
to RQs
RQ

Impacts for
framework(s)
building
Company boundaries vs. network
boundaries in the
scope. Preference
in short-term and
less-strategic KM
action.

The impact of career legacy of key
individuals to
KM in SMEs

I

RQ
RQ2

The challenge of
cognitive bias vs.
experience-based
expertise in KM

3

Increased demand for higher
speed knowledge
processes and the
(partial) incompliance with instituted IP protocols

II

RQ1
RQ3

Division to parallel processes with
different speeds
and for different
knowledge artefacts

4

Increased demand for collaborative practices in
KM and related
risks

II

RQ
RQ1

Firm interfaces
with the environment, mechanisms and artefacts for collaboration

PEC/
PCC
#
1

Description

2

SMEs focus KM
in internal (vs. involving external
parties) and operational (vs. strategy-bound) action
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Relationship to
earlier research
Confirms: Tendency of urgency of actions
to overrule their
importance (van
der Duin, 2004;
CEN
(2004b);Yan et
al., 2016)
Confirms: Impact of cognitive
style of key people in KM (Sung
and Choi, 2012)
Enlarges: Career
legacy impact
on cognitive
style (Goodhew
et al., 2005)
Confirms: The
phenomenon of
increased clock
speed (Fine,
1998)
Raises up: Risk
vs cooperation
vs speed
Confirms: The
additive and cumulative nature
of knowledge
(Brenner and
Schimke, 2015)

Contribution
type
Practical

Theoretical

Practical

Theoretical
Practical

Article
#
II

Connection
to RQs
RQ
RQ3

Impacts for
framework(s)
building
Process vs project/ product-related knowledge
=>portfolio approach

Collision of scope
and focus between short-term
(planning) and
long-term (scanning) horizons in
KM

III

RQ
RQ2

Combination and
impact of time
scopes into KM
process

Proposal for taxonomies to assist
in the correct
choice of planning tools and
methods
The large variety
of scope and
methods in anticipation by Technology SMEs

III

RQ3

Examples of anticipation method
choices based on
scope, resources
and industry-type

IV

RQ1

No single method
–path constructible, different time
scopes => different approaches
and action

Methods of anticipation differ in
their open-endedness and agility +
the explicitness of
the results obtained

IV

RQ1

The dynamics in
the development
trajectory need
different approaches
Networking for
anticipation may
reduce the risk
but demands coordination

PEC/
PCC
#
5

Description

6
(PCC)

7
(PCC)

8

9

Request for metacapabilities of
knowledge =
knowledge of
knowledge more
valuable than individual
knowledge artefacts
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Relationship to
earlier research
Introduces: The
unit of analysis?
Firm/project/person/
product => confirms the
Knowledgeportfolio-concept (Birchall
and Tovstiga,
1998; 2002)
Confirms: The
temporal ambidexterity
(Wang et al.,
2019)
Questions: The
separability of
planning/ scanning horizons
(Kuusi et al.,
2015)
Introduces: new
double-dichotomies for categorizing tools and
methods for KM
Confirms: The
scarce and nonexplicit KM
practices in
SMEs (CEN,
2004b; Svensson
and Hedman,
2018)
Confirms: lack
of use and structure in anticipation in SMEs
(West and
Meyer; 1998;
Fleming and
Sorenson, 2003;
CEN2004b)

Contribution
type
Theoretical
Practical

Theoretical
Practical

Practical

Practical

Practical

Article
#
V

Connection
to RQs
RQ2

Impacts for
framework(s)
building
KM iterations due
to the value chain
and market feedback

(Rapid) devaluation or obsolescence of
knowledge in
tech business environment

V

RQ1
RQ2

Need of concurrent knowledge
validation and
adaptation – need
for personal
knowledge
growth and
knowledge pool
enlargement

12

Cyclical nature of
growth processes
within Tech SMEs

VI

RQ,
RQ3

The changing role
and profile of
founder-ownermanagers (FOM)
in the growth trajectory

VI

RQ
RQ2

Rejects: static
models of KM
process
(Mentzas, 2004)
Confirms: the
inseparability/overlap of
firm processes
to owner/manager processes
of growth
(Calori et al.,
1994)

Theoretical
Practical

13

Iterative processes, need for
backlogs and reverting.
Layers for
knowledge managements action
(individual, project, enterprise) –
the relative emphasis over time
in the growth trajectory

14

Growth as an obligation for Tech
SMEs + implications for different
areas of growth
(e.g. strategic/structural/assets)

VI

RQ
RQ1
RQ3

Dynamic nature
of SME –crosssectional view
does not fit in the
context specificities

Confirms: The
constant change
and move between dynamic
states of growth
+ iterations
(Levie and Lichtenstein, 2010)

Theoretical
Practical

PEC/
PCC
#
10

Description

11

Relativity of
knowledge value
possessed to reallife demands in
implementation
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Relationship to
earlier research
Confirms: The
iterations based
on feedback and
learning (Ingley
et al., 2017;
Torres et al.,
2017)
Confirms:
Knowledge volatility and need
for knowledge
acquisition and
enlargement
from discoverystage onwards
(Kogut and Zander, 1992; Möller and Svahn,
2006)

Contribution
type
Theoretical

Practical

Practical

4.8 Proposal for an integrative framework for dynamic
Knowledge Management in technology-based SMEs
The initial framework for this study presented in Section 2.4 presents the
elements likely to be needed when building a proposal for a model for dynamic
knowledge management in technology-based SMEs.
The core tenants of dynamism in knowledge management – as a reminder
of the theoretical base for the thesis – propose firstly that knowledge flows
between stakeholders within a firm as well as between the firm and its external
counterparts. Secondly, knowledge and its management are temporally dynamic,
the criticality of different types of knowledge actions are bound to change as a
result of the firms development and changes in its operating environment.
Building on the initial framework and elaborating on it with the outcomes
of the studies reflected in the articles and summarized as PECs and PCCs, the
new framework can be proposed. The framework is an evolutionary step from
elements and relations that the prior-art had identified but not integrated and
synchronized (these earlier findings depicted in the initial framework for this
study, Figure 7). The resulting model contains the elements and relations of the
initial framework augmented with the PECs and PCCs of this study.
The core premises of the framework are:
•

•

•
•

•

•
•

the framework for knowledge management in technology-based SMEs
can use the elements of general models of knowledge management but
adapted to the specific characteristics to this cohort (theoretical base +
PEC 12),
the dynamic nature of knowledge in modern society as well as in the operating environment of technology SMEs requires the time-dimension to a
framework to reflect the evolution of a SME and differing time-frames of
KM action (PCC 6, PEC 12),
a KM model cannot limit itself to describe a firm´s internal processes
only, instead knowledge that the firm exchanges across its company
boundaries must be included (theoretical base + (PEC 4),
KM in technology SMEs is not a static construct, thus the framework
needs to be capable of depicting the different states between which the
knowledge-related action on assets changes in principles and practices
(PEC 10, PEC 12),
one construct in the model is the knowledge portfolio that is the collection
of different knowledge assets (e.g. individual innovations, products or
product families, processes, tacit knowledge) - that a firm aims to turn
into competitive advantage and capitalize in the marketplace (PEC 5)
presence and characteristics of key KM individuals affect the KM in technology-based SMEs (theoretical base + PEC 2),
a model must capture the elements of iterations across and within the
states of development of a knowledge asset and between different
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knowledge assets within the portfolio (PEC 5, PEC 10, PEC 13). These iterations can also be called legacies, as they are informed either by a) firm´s
experience of actions on the same state but with processes on earlier assets (inter-asset legacy) or b) experience of earlier attempts on the same
state for the same asset (intra-asset legacy).
On the premises mentioned above, a following robust version for such a framework was created as summary of Primary Empirical Contributions joined with
the findings of secondary data and prior-art frameworks of knowledge management (Figure 10).

FIGURE 10

An integrative framework for dynamic knowledge management in technology-based SMEs
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5 DISCUSSION
A scientific study gets motivated and justified through its attempt to broaden and
deepen the knowledge of the scientific community in the researched area. It can
do so by confirming the findings of the earlier research, studying and confirming
the applicability of earlier theoretical constructs to new contexts, proposing
improvements to earlier theories and frameworks, or even creating new theories
for subsequent assessment and elaboration. In addition, theory should be
applicable to practice to a certain extent. Scientific inquiry aims at capturing
essential elements needed for a framework, along with the associations and
relationships of those elements, and illustrating those elements and relationships
in form of the frameworks. Since those constructs are derived by observations on
reality via empirical research interventions, they should also be returnable back
to the context of study and thus affect future action i.e. have practical implications.
This research has advanced various elements that add to the knowledge
management framework and have practical implications. Those elements include:
legacies of the knowledge actors, collaborative practices, time and its
implications on KM, growth state relationship to KM, and implications of KM
practice.

5.1

Theoretical implications

The main theoretical implication of the study is the integrative framework for
dynamic KM. Table 8 summarizes the Primary Empirical Contributions that
affected to the construction of the integrative framework (Figure 10).
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TABLE 8

The PEC´s with theoretical contributions to integrative framework
Article
#
1

Connection
to RQs
RQ
RQ2

Increased demand for collaborative practices in
KM and related
risks
Request for metacapabilities of
knowledge =
knowledge of
knowledge more
valuable than individual
knowledge artefacts
Collision of scope
and focus between short-term
(planning) and
long-term (scanning) horizons in
KM
Relativity of
knowledge value
possessed to reallife demands in
implementation
Cyclical nature of
growth processes
within Tech SMEs

2

RQ
RQ1

2

RQ,
RQ3

3

RQ2

Combination and impact of time scopes
into KM process

Confirms: The temporal
ambidexterity
Questions: The separability of planning/ scanning horizons

5

RQ
RQ2

Iterations in KM
based on the value
chain and market
feedback

Confirms: The iterations
based on feedback and
learning

6

RQ
RQ3

Rejects: static models of
KM process

Growth as an obligation for Tech
SMEs + implications for different
areas of growth
(e.g. strategic/structural/assets)

6

RQ
RQ1
RQ3

Iterative processes,
need for backlogs
and reverting to
phases passed
Dynamic nature of
SME –cross-sectional
view does not fit in
the context specificities

PEC/
PCC
#

Description

2

The impact of career legacy of key
individuals to KM
in SMEs

4

5

6
(PCC
)

10

12

14

Impact for framework(s) building

Relationship to earlier
research

The challenge of cognitive bias vs. experience-based expertise
in KM

Confirms: Impact of
cognitive style of key
people in KM
Enlarges: Career legacy
impact on cognitive
style
Confirms: The additive
and cumulative nature
of knowledge

Firm interfaces with
the environment,
mechanisms and artefacts for collaboration
Process vs. project/product –related
knowledge =>portfolio approach
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Introduces: The unit of
analysis? Firm/project/person/ product =>
confirms the
Knowledge-portfolioconcept

Confirms: The constant
change and move between dynamic states of
growth + iterations

This study operates at the intersection of many areas of academic study.
Knowledge management is a stream within management and organizational
studies. The growth processes are natural foci of entrepreneurial studies,
whereas considerations of anticipation are more familiar in futures research.
The study contributes to the theory building in knowledge management by
introducing the time-dependent moderations (change, growth and anticipation)
into the modelling of knowledge management processes. This study also
highlights the specificity of technology business and especially technology-based
SMEs as a unit of analysis. The study brings together the ideas of prior research
on knowledge (and knowledge management) life cycles by de Barros Campos
(2008) and knowledge portfolios primarily used by Birchall and Tovstiga (2002).
They created framework can be seen as a bridge between two concepts
previously treated individually in the literature.
Another addition to the canon of KM is the strong focus on dynamism –the
impact of time-dependent elements of change, growth and anticipation in KM
models. As Bono and McNamara (2011) state, many if not most research
questions in management science implicitly (even when not framed that way)
address the phenomena of change. There is wide agreement in the literature that
organizational learning, capabilities, as well as knowledge itself should be
dynamic. However, the inclusion of dynamism into knowledge management has
been scarce. The concept of dynamic knowledge management has in prior
research been used as a description of managerial style in regards to KM (as an
alternative to ‘System-orientated’, ‘People-orientated’ and ‘Passive’ styles) as by
Choi and Lee (2003) or as an organizational interplay between culture
(motivation, people) and technology (interface, content, infrastructure) by
Piorkowski, Gao, Evans and Martin (2013). Shang, Lin and Wu (2009) proposed
that knowledge management can be enhanced through flow of dynamic
capabilities via processes of integration, learning, and transformation. This
triangle of processes was applied in a single case study (Shang et al., 2009) and
thus the authors did not proceed to generalizations nor to the building of a more
comprehensive model, though they comment that the implementation of the new
KM system demonstrated the critical role of dynamic capabilities of knowledge
management. These capabilities have the potential to transform the business
processes and to create competitive advantages for the company (ibid.). The
knowledge base of KM building on static cross-sectional models has thus been
enriched with the model of dynamic KM, the main theoretical contribution of his
study.
The research community of entrepreneurship may benefit in their studies
and modelling of the development patterns of SME companies from this study
that digs into growth, knowledge and its management in the dynamic framework.
For startup researchers the study poses a question of the unit of analysis. Should
the studies focus on products and solutions, processes, people, firms or networks
as the unit of analysis to study? The findings of the study reveal some core
differences in those options for scope as well as interconnections between them.
The study also proposes the research community to study the development of
knowledge assets and portfolios they create as a unit of analysis.
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Another area impacted by this research is futures studies. Researchers in
futures studies have done extensive work on developing methods and tools for
foresight and anticipation. Those tools have been, as proven by earlier studies
and by one of the original articles for this thesis, deployed in SMEs in modest
volume. Prior studies have indicated that there is: a) a shortage of resources and
systems of which SMEs suffer in looking beyond the urgent horizon, and, b)
important advantages available in foresight through collaboration for SMEs
(Major and Cordey-Hayes, 2000; Vishnevskiy and Egorova, 2015; Keller,
Markmann and Heiko, 2015). The needs to improve the anticipation of
knowledge assets in SMEs has not resulted in a larger effort to build frameworks
that take into account SME specificity. Furthermore, the dilemma of scanning
(long-term) and planning (short-term) scopes has been recognized by research
but not elaborated on. This study assumes to have an impact on the development
of model building and testing on this temporal ambidexterity. As Hassanabadi
(2019) states, organizational capability in foresight provides enhancements in
competitive advantage in highly uncertain environments. The framework
developed in this thesis has resulted from studies focusing on technology-based
SMEs who operate in aforementioned conditions.
The literature and research of knowledge management (and its dynamics)
has tended to bifurcate addressing corporate-type of companies or SMEs/startup companies. This study focuses on the latter despite utilizing many models and
concepts originating from the mainstream of the KM literature, often based on
studies of multinational, multidivisional and mature companies. This type of
dichotomy may be outdated. Across industries big corporations are launching
venture arms or acquiring young and agile companies in order to operate in a
lean and agile manner like their smaller counterparts (e.g. Ries, 2017; Edison,
Smørsgård, Wang and Abrahamsson, 2018).. The primary empirical and
conceptual contributions (PECs and PCCs) of this study, the resulting integrative
dynamic KM framework as well as the hypothetical practical instantiations of the
framework based on practice-related PECs and PCCs (Section 5.2. and
appendices) can potentially contribute also to the development of dynamic KM
frameworks in the larger company context. This potential needs to be tested in
future studies, as the research design of this thesis does not allow generalizations
in that scope.

5.2 Practical implications – the framework(s) in action
Table 9 summarizes the Primary Empirical and Conceptual Contributions (PECs
and PCCs) that have been used in the hypothetical practical instantiations of the
integrative framework. The illustrated instantiations derived for the integrative
dynamic KM framework and these PECs/PCCs are to be found in Figure 11 and
appendices.
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TABLE 9

The PECs and PCCs with practical managerial contributions

PEC/
PCC
#

Description

1

SME focus KM in
internal (vs. involving external
parties) and operational (vs. strategy-bound) action

3

Increased demand for higher
speed knowledge
processes and the
(partial)incompliance with instituted IP protocols
Request for metacapabilities of
knowledge =
knowledge of
knowledge more
valuable than individual
knowledge artefacts
Collision of scope
and focus between short-term
(planning) and
long-term (scanning) horizons in
KM
Proposal for taxonomies to assist
in the correct
choice of planning tools and
methods
The large variety
of scope and
methods in anticipation by Technology SMEs

5

6
(PCC)

7
(PCC)

8

Article
#
I

Connection to
RQs
RQ1

Impact for framework(s) building

Relationship to
earlier research

Company boundaries vs. network
boundaries in the
scope
Preference in shortterm and less-strategic KM action
Division to parallel
processes with different speeds and for
different knowledge
assets

Confirms: Tendency of
urgency of actions to
overrule their importance

II

RQ1,
RQ3

II

RQ
RQ3

Process vs project/product-related
knowledge

Introduces: The unit of
analysis? Firm/project/person/ product=>confirms the
Knowledge portfolioconcept

III

RQ2

Combination and
impact of time
scopes into KM process

Confirms: The temporal
ambidexterity
Questions: The separability of planning/ scanning horizons

III

RQ3

Examples of anticipation method
choices based on
scope, resources and
industry-type

Introduces: new doubledichotomies for categorizing tools and methods for KM

IV

RQ1

No single method –
path constructible,
different time scopes
call for different approaches and action

Confirms: The scarce
and non-explicit KM
practices in SMEs
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Confirms: The phenomenon of increased clock
speed
raises up: Risk vs cooperation vs speed

Article
#
IV

Connection to
RQs
RQ1

(Rapid) devaluation or obsolescence of
knowledge in
tech business environment

V

RQ1,
RQ2

12

Cyclical nature of
growth processes
within Tech SMEs

VI

RQ
RQ3

13

The changing role
and profile of
founder-ownermanagers (FOM)
in the growth trajectory

VI

RQ2

14

Growth as an obligation for Tech
SMEs + implications for different
areas of growth
(e.g. strategic/structural/assets)

VI

RQ
RQ1,
RQ3

PEC/
PCC
#

Description

9

Methods of anticipation differ in
their open-endedness and agility +
the explicitness of
the results obtained

11

Impact for framework(s) building

Relationship to
earlier research

Dynamics in the development trajectory
need different approaches.
Networking for anticipation may reduce the risk but demands coordination

Confirms: lack of use
and structure in anticipation in SMEs

Pressure for concurrent knowledge validation and adaptation – need for personal knowledge
growth and/or
knowledge pool enlargement
Iterative processes,
need for backlogs
and reverting to
phases passed
Layers for
knowledge managements action (individual, project, enterprise) – the relative
emphasis over time
in the growth trajectory
Dynamic nature of
SME –cross-sectional
view does not fit in
the context specificities

Confirms: Knowledge
volatility and need for
knowledge acquisition
and enlargement from
discovery-stage onwards

Rejects: static models of
KM process

Confirms: the inseparability/overlap of firm
processes to
owner/manager processes of growth

Confirms: The constant
change and move between dynamic states of
growth + iterations

In addition to contributing to theory development in the research area and
to the accumulation of empiricist knowledge from the field, a researcher can
contribute to the practitioner community by assessing and improving their
strategies, processes and actions. Even though models and frameworks created
in science can never grasp the full diversity and multi-dimensionality of business
decisions in real life (since they are models) let alone be applicable as such for
each individual case, they may help practitioners structure their thinking and
provide tools to review their own practices vs. the models. In the SME cohort of
companies Svensson and Hedman in their recent case study (2018) observed
many knowledge processes that were not based on formulas or models. These
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can be called ad-hoc KM that starts at an unpredicted point in time and forms a
process as it goes (Svensson and Hedman, 2018). Frameworks may save effort in
figuring out the possible directions of action as time, the firm and projects in it
proceed.
In the subject area of this study, Olaisen and Revang (2018) challenged the
KM research community to address in an increasing manner the need of
pragmatism. They also advocated the development towards sensitizing
subjective paradigms:
•

•
•
•
•
•

The literature synthesis, primary empirical contributions of this study and
the frameworks created offer the following contributions to dynamic
knowledge management in technology- and knowledge-intensive SME
firms - a cohort that has not been the focus in the mainstream of the
knowledge management research:
The unit of analysis and action: Is the focus in developing general firm
and network capabilities on knowledge or solving knowledge issues in
the project and product level?
Is the knowledge obtained of sufficient level to proceed or is there a need
for iterations (intra- and inter-asset legacies) for knowledge improvement?
The time scope and “need for speed” in the knowledge action in question
– a technology SME needs to scan and plan simultaneously
The relationships and exchange needed to act on knowledge – balanced
with risk embedded in collaborative practices
The inherent person-based and thus potentially subjective or even biased
knowledge perception and action by the key stakeholders - are the legacies of the firm and key people knowledge-enhancing or knowledge-endangering factors?

Following the idea of Garud, Kumaraswamy and Sambamurthy (2006) this
study leans on the premise that organizations are designed to reconfigure
themselves. This seems to hold true for the studied companies - technologydriven SMEs and more specifically, knowledge management in them as a
function of time and growth. The findings of this study may facilitate such
reconfigurations. The primary empirical contributions of the study should give
views and guidance to the practitioners. To achieve this goal, this section aims to
show how the integrative framework developed can be enriched with details.
These illustrations should be regarded as instantiations of the framework.
Instantiation is a term common in design science research (DSR) that typically
sets out to create innovative artifacts addressing unsolved problems in
organizations (Hevner and Chatterjee, 2010). The artifacts in the DSR context
include among others conceptual artifacts, such as constructs, models, methods
and frameworks as well system designs, guidelines and patterns (Hevner and
Chatterjee, 2010; Peffers, Rothenberger, Tuunanen and Vaezi, 2012). This thesis
thus complies with the core ideas of the DSR approach, and the usage of practical
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instantiations is a logical step to discuss the utility of the prospective framework
created.
As the framework indicates, across the states of development the core
actions on knowledge, periods of the knowledge relevant and process speeds all
vary. Similarly, in each state a SME is likely to find some knowledge stakeholders
more relevant than others.
Figure 11 depicts how the integrative framework of dynamic knowledge
management might act for the practitioner. Figure 11 is a practical instantiation
of the proposed framework, as it adds pragmatic detail to the more conceptual
framework. The structure follows the integrative framework and enriches it by
proposing how the time-dependent change (in the form of dynamic states that a
technology-based SME passes through) affects the contents of the variables
(stakeholders, artefacts, goals, resources and processes). The practical
instantiation in Figure 11 is of hypothetical nature, since it has not been tested as
such empirically, but derives its contents from the practice-contributing PECs of
this study and findings of the literature.
As the framework indicates, across the states of development questions of
“who”, “what”, “why” and “how” get a different answer. The dynamic states
selected for this hypothetical instantiation are derived from Marmer et al. (2011a)
and Skok (2017) since the growth literature agrees on the principle of dynamic
states but not on what the states are.
It is also worth noticing what the framework does not contain. The vivid
discussion in the research on whether entrepreneurs operate on cation (decides
clear goals and proceeds to them) effectuation (organizes optimal resources for
the mission) or emergence (reacts to changes in operative environment) seems
based on the findings of this study to be irrelevant. Technology-based companies
act according to all these “settings” as they develop. The instantiation does make
a notion of the altering focus between scanning for ideas and opportunities and
planning for the deployment of the knowledge acquired.
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FIGURE 11

A hypothetical practical instantiation of the framework with knowledge variables across dynamic states of development

The core contributions that the instantiation proposes are:
•

•

•

•

•

The framework rejects the models of growth that are linear and aim to
describe how a firm is born and how it evolves. This rejection is based on a
few premises arising from the literature and the primary empirical
contributions of this study:
A young firm is typically founded around a core innovation – new
knowledge created/discovered, and subsequently the validation concerns
that innovation rather than the firm as an organization or legal entity. A
technology-based SME is likely to work on multiple innovations and
applications of them i.e. action on a knowledge portfolio, the assets of
which are in different states of development.
The firm can utilize the knowledge it has acquired from action on
knowledge assets that have been developed earlier and thus passed a state
of development the new asset is entering into. These legacies can also be
misleading, as the context for the new knowledge asset may have altered
from the previous time a state was passed.
From each state of development, there is potential to backtrack to earlier
states in case that state does not produce viable options to proceed. As
Figure 12 (Appendix 1) shows, iterations can be numerous in the
development trajectory of a knowledge asset (see Appendix 1). For
example if the original invention created in the discovery-state does not get
response from the market in validation state, the knowledge asset needs to
be returned to the discovery state for rework. Proceeding to the next state
of development is naturally also possible at any point – e.g. in case the
market feedback (product/market fit) is positive, the firm may move
forward to the efficiency state.
As soon as there is a wider product range or multiple markets to serve, a
SME runs parallel knowledge assets that are in different states and thus
operate with different participants and different contents. When
superimposed (Appendix 2), these assets create a firm´s knowledge
process portfolio.

When managing knowledge inside the portfolio, there are naturally issues,
actions and relationships that are replicable and transferable across portfolio
assets. Neither all pieces of knowledge nor processes are unique and
accumulated knowledge as well as accumulated meta-knowledge - knowledge
on knowledge - have potential to improve KM over time. The accumulated and
enhanced knowledge can be seen to reside in knowledge legacies both external
and internal to the firm. The core essence of legacy is that it is handed down to
the present from the past. The dynamic nature of knowledge thus also refers to
the past. The external legacies for a SME reside partly in the background of the
key people for KM (their training, experiences outside the SME) as well as in the
origins of the SME as an organization.
Many technology corporations have, during the last decades, tested new
ideas, markets and business models in separate, smaller and more agile spin-offs
or new venture arms, whose knowledge management may however contain
83

models (or parts of models) from the organization of origin. In the internal
dimension, the knowledge accumulated from previous states is likely - and
logically it should do so – to affect the states following. Knowledge is additive
within firm and process/project. Another type of legacy is iteration within the
growth trajectory, where the knowledge from the earlier state that the firm is
forced to return or choose voluntarily to return to, is likely to inform the state
performed again. Finally, in a more advanced company that is running a
knowledge portfolio, as depicted earlier, the learnings of KM in a certain dynamic
state can be transferred or replicated in another portfolio asset. The risk with all
legacies is that if the conditions or contexts differ from the state from which the
legacy is inherited, the knowledge may have become obsolete and thus it
misleads new knowledge rather than eases it or speeds it up.
Not all technology SMEs are startups if the inclusion criteria to that cohort
is - as in many studies - longevity up to the date of the company as a legal entity.
There are technology-based SME companies with history longer than would be
expected from a startup, but they operate in the same volatile (technology-,
market- and competition-wise) environment as their less mature (in age) rivals.
Because of that, this study has purposefully avoided the use of the word startup
due to the fuzziness of the term as well as its irrelevance to the phenomena under
study. However, a PEC from Article VI adds the two loop-model into a
framework: A technology-based SME may possess knowledge assets that are
proceeding in the states that relate to the start-up process (with potential
iterations= loops) and assets that have proceeded to the growth process (Figure
14 in Appendix 3)
Additionally, this study supports the view of the earlier literature on
temporal ambidexterity, where firms need to run in parallel short- and long-term
focused processes. The idea of planning vs scanning horizons thus only concerns
how far ahead the vision of the firm is. The question of scanning vs. planning is
not an either-or issue, and they do not follow on the timeline sequentially across
the time axis. Instead, a technology-based SME is likely to operate on both
paradigms simultaneously, but their relative weights may alter across states
through which the firm moves (Appendix 4).

84

6 CONCLUSION
At the outset of this study, four separate research questions derived from the
objectives of the study were established. The questions are answered in a
condensed format, based on the findings presented in earlier chapters, after
which the quality of the process and results are assessed. To conclude the
limitations of the study as well as potential future pathways to research on the
topic areas of the study are discussed.

6.1 Answers to the research questions
This chapter presents the answers to the main research question (RQ) as well as
sub-questions RQ1-RQ3, building on the Primary Empirical and Conceptual
Contributions (PECS and PCCs) of the research relevant for each question.
RQ: How to manage knowledge in technology-based SMEs?
The main contribution of this research is the proposal for an integrative
framework for dynamic knowledge management in technology-based SMEs as
an answer to the main research question set. This new framework builds on PECs
and PCCs relevant to the RQ as summarized in Table 10.
Instead of a cross-sectional view of what a SME’s knowledge base is, the
more defensible framework is to see the SME firm as an organism that operates
many parallel knowledge assets of the portfolio (PEC 5, PEC 12). Those assets
contain variables such as time-scope, key objectives, artefacts, tools and methods,
the deployment of which depends on the dynamic state of development of the
knowledge portfolio asset rather than the company as a whole (PEC 5). These
states are informed and affected by internal legacies from within the firm, as well
as by career legacies of key KM people. Learnings from same dynamic states from
previous portfolio assets as well as intra-asset legacies surging from iterations
also inform KM action on new assets (PEC 2, PEC 13).
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TABLE 10
#
2
4

5

6

10
12
13

14

PECs, PCCs and their impacts on framework building related to the RQ

PEC/PCC
The impact of career legacy of key individuals
to KM in SMEs
Increased demand for collaborative practices in
KM and related risks
Request for meta-capabilities of knowledge =
knowledge of knowledge more valuable than
individual knowledge artefacts
Collision of scope and focus between shortterm (planning) and long-term (scanning) horizons in KM
Relativity of knowledge value possessed to
real-life demands in implementation
Cyclical nature of growth processes within
Tech SMEs
The changing role and profile of founderowner-managers (FOM) in the growth trajectory
Growth as an obligation for Tech SMEs + implications for different areas of growth (e.g.
strategic/structural/assets)

Impact of PEC/PCC
The challenge of cognitive bias vs.
experience-based expertise in KM
Firm interfaces with the environment, mechanisms and artefacts for
collaboration
Process vs. project/product –related
knowledge => portfolio-approach
Combination and impact of time
scopes into KM process
Iterations in KM based on the value
chain and market feedback
Iterative processes, need for backlogs
and reverting to phases passed
Layers for knowledge managements
action (individual, project, enterprise) – the relative emphasis over
time in the growth trajectory
Dynamic nature of SME –cross-sectional view does not fit in the context
specificities

Legacies can naturally be also of misleading nature. As Hargadon and
Fanelli (2002) warn, at times knowledge acts as a source of organizational
innovation and change, whereas at other times it can set constraints to change. A
SME does not run its dynamic knowledge management in a vacuum or purely
internally. The cumulative, additive nature of knowledge also requires the firm
to understand the potential impacts of its networks on KM and thus the network
view and actions based on it (sharing, collaboration) should be incorporated into
a viable KM framework (PEC 4). Additionally, the future-oriented nature of the
quest for knowledge is shown in the temporal ambidexterity. A firm is in the
constant process of combining the short-term (planning) and longer-term
activities (scanning), the relative role and value of which varies based on the
dynamic state that the knowledge portfolio asset is in on the continuum. (PCC 6,
PEC 10). The accumulated knowledge obtained from the articles – PECs and their
impacts that relate to the RQ - is shown in Table 10.
Bailey and Clarke (2000) state that to be useful, ideas and models of KM
need to have currency, relevance and actionability. Managerial currency of
models refers to the ability to describe KM in terms of critical areas of managerial
focus and practice. Model relevance should offer not only strategic relevance but
also be able to reflect personal relevance by enabling the pursuit and achievement
of personal goals. Actionability demands that via improved models activities of
generating, communicating and exploiting that information and knowledge
become practical (ibid.). The proposed integrative framework of this study and
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the potential instantiations derived from it can be adapted to the particular needs
of the organization, to be utilized by management and other KM actors. In
addition, the changing context and firm’s state of development) may require
these adaptations within a firm, thus offering leeway for more current, relevant
and actionable KM.
Lastly, the settings and changes of the operational environment act as a
moderator of the processes described. The pressures on accelerated KM actions
as well as increased volatility and resulting uncertainty have shaped and are
shaping the contents and operations of KM in Technology-based SMEs.
RQ1: What are main driving forces and intervening factors to knowledge
management in technology-based SMEs
The results of the study – as summarized in Table 11 for RQ1 - indicate that
dynamics both as a change of KM as the function of time as well as dynamics as
interchange of knowledge between KM stakeholders strongly define KM in
technology-based SMEs.
TABLE 11

PECS and their impacts on framework building related to RQ1

#
1

PEC
SMEs focus KM in internal (vs. involving external parties) and operational (vs. strategybound) action

3

Increased demand for higher speed knowledge
processes and the (partial) incompliance with
instituted IP protocols
Increased demand for collaborative practices in
KM and related risks

4

8

The large variety of scope and methods in anticipation by Technology SMEs

9

Methods of anticipation differ in their openendedness and agility + the explicitness of the
results obtained

11

(Rapid) devaluation or obsolescence of
knowledge in tech business environment

14

Growth as an obligation for Tech SMEs + implications for different areas of growth (e.g.
strategic/structural/assets)
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Impact of PEC
Company boundaries vs. network
boundaries in the scope. Preference
on short-term and less-strategic KM
action.
Division to parallel processes with
different speeds and for different
knowledge assets
Firm interfaces with the environment, mechanisms and artefacts for
collaboration
No single method –path constructible, different time scopes => different approaches and action
Dynamics in the development trajectory need different approaches
Networking for anticipation may reduce the risk but demands coordination
Need of concurrent knowledge validation and adaptation – need for
personal knowledge growth and
knowledge pool enlargement
Dynamic nature of SME –cross-sectional view does not fit in the context
specificities

In more detail, the thesis research highlight the specific characteristic of the
studied company cohort of technology-based SMEs: volatility and uncertainty
are present when managing any knowledge a technology-based firm may
possess or strive for (PEC 11). Based on the empirical contributions of the study
this ambiguity of knowledge value has also resulted in loose if not vague
processes on knowledge (PEC 8). Especially in the search of future-related
knowledge (anticipation) this fuzziness and scarcity of practices is evident (PEC
9). The study confirms the notions of earlier research that resource scarcity and
tendency of “urgent to rule over important” is clearly present (PEC 1).
The other factors that both researchers as well as practitioners of knowledge
management in technology based SMEs need to take into account are increasing
needs for higher process speed and constant change. Any formula created for
deploying knowledge management is likely to fall out of date if not adapted as a
firm proceeds on its growth trajectory – knowledge management is dynamic in
time (PEC 11, PEC 12). The need to accelerate knowledge (PEC 3) – paired with
the increasing need to cooperate with other knowledge stakeholders (PEC 4)
poses a dilemma to companies. The more knowledge is expressed, shared and
acted upon jointly, the higher is the risk for the loss of its proprietarity.
RQ2: How do the intended outcomes and contents of knowledge management
process change over time in the growth trajectory of technology-based SMEs?
This research indicated growth as an inherent phenomenon that defines the
context and operations of technology-based SMEs. The results – PECS and PCCs
relevant for RQ2 summarized in Table 12 - indicate that the altering dynamic
states of growth require altering managerial responses within knowledge
management function.
TABLE 12
#
2
6

10
11

13

PECs, PCCs and their impacts on framework building related to RQ2

PEC/PCC
The impact of career legacy of key individuals
to KM in SMEs
Collision of scope and focus between shortterm (planning) and long-term (scanning) horizons in KM
Relativity of knowledge value possessed to
real-life demands in implementation
(Rapid) devaluation or obsolescence of
knowledge in tech business environment

The changing role and profile of founderowner-managers (FOM) in the growth trajectory
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Impact of PEC
The challenge of cognitive bias vs.
experience-based expertise in KM
Combination and impact of time
scopes into KM process
KM iterations due to the value chain
and market feedback
Need of concurrent knowledge validation and adaptation – need for
personal knowledge growth and
knowledge pool enlargement
Layers for knowledge managements
action (individual, project, enterprise) – the relative emphasis over
time in the growth trajectory

Despite the wide rejection of linear-stage gate models depicting the growth
of companies, growth and its impact to knowledge management can be described
as a journey through dynamic states that differ from each other. This journey
contains iterations and adaptation to changing demands (PEC 10, PEC 11). These
variables between states are such as the time scope involved, collaboration
partners relevant to the goals and also the knowledge artefacts and sub-processes
operationalized (PCC 6, PEC 11).
Two important modifications to prior-art KM models seem to be of need.
First, in a technology-based SME there are several knowledge processes going on
simultaneously, so models of treating a firm as a one solid unity and treating the
firm and its KM actions as equal units of analysis is a strong simplification of the
knowledge system in a modern firm in a technology business. Rather than
managing a firm´s knowledge as one, a tech SME is likely to manage a knowledge
portfolio containing simultaneous yet very different actions and purposes (PEC
10, PEC 11). Second, the roles and responsibilities of key persons in the SME
knowledge management have a major impact on the overall knowledge
endeavor (PEC 2, PEC 13). Based on the findings their effect to the process should
be recognized, the strength of positive legacies and learnings utilized but also the
potential biases deriving from these legacies that prevent successful KM avoided.
In entrepreneurial firms, the evolutions of KM roles over states of growth should
be planned.
RQ3: What developments can be proposed for a dynamic knowledge
management in technology-based SMEs?
In Section 3.8 a prospective integrated framework for knowledge dynamics in
tech SMEs was presented. Compared to the earlier models by knowledge
management science the model does not focus on the categorizing of knowledge
actions or artefacts, but on how to build in the elements of time and collaboration
as basic features of such frameworks. This study proposes to see a technologybased SME as a knowledge processing organ that is operating in volatile
conditions both in what comes to its operating environment at large, as well as
its networks. The outlines for such a view are based on PECs and PCCs
summarized in Table 13.
This study advocates, via the frameworks developed, a model sensitive to
the state of development of assets in the knowledge portfolio instead of static,
company level model for KM (PEC 5, PEC 12). On the other end of the continuum,
very loosely defined process may also put the company and its knowledge base
at risk (derived from PEC 5). Recognizing the state of growth, the challenges but
also potential avenues of action (what? how? whom?), in the current state and
proceeding to next states is likely to improve the KM activity in a technologybased SME with limited resources and fast changing operative environment
(PCC 7).
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TABLE 13
#
3

5

7

12
14

PECs. PCCs and their impacts on framework building related to RQ3

PEC/PCC
Increased demand for higher speed knowledge
processes and the (partial) incompliance with
instituted IP protocols
Request for meta-capabilities of knowledge =
knowledge of knowledge more valuable than
individual knowledge artefacts
Proposal for taxonomies to assist in the correct
choice of planning tools and methods
Cyclical nature of growth processes within
Tech SMEs
Growth as an obligation for Tech SMEs + implications for different areas of growth (e.g.
strategic/structural/assets)

Impact of PEC/PCC
Division to parallel processes with
different speeds and for different
knowledge assets
Process vs project/ product-related
knowledge =>portfolio approach
Examples of anticipation method
choices based on scope, resources
and industry-type
Iterative processes, need for backlogs
and reverting
Dynamic nature of SME –cross-sectional view does not fit in the context
specificities

The changes of environment and the knowledge network are pressing a
SME towards faster knowledge processes (PEC 3). The constant change is also
omnipresent in the KM of technology-based SMEs. Knowledge portfolio assets
are ingredients of individual projects and processes that may be in a very
different phase at any point of the development trajectory - described as dynamic
states of growth (PEC 12). These dynamic states do not follow each other in a
linear manner, but contain many iterations (PEC 12). An entrepreneurial
company may benefit from this division to plan for the changes in their operation
in KM as the firm evolves.
The developed practical instantiations (figure 11 and the appendices) based
on these principles and on the integrative model of dynamic KM created offer
examples how a firm can identify, plan and perform their KM operations
dynamically. In addition, the indication of legacies and the cumulative/additive
nature of knowledge encourages practitioners to discuss and document their KM
actions to best benefit from these dynamic capabilities.

6.2 Limitations of the study
As the title of this thesis indicates, knowledge and its management are dynamic
as both concepts and as processes. The ways organizations and actors in them
engage into knowledge management, organize and practice it have evolved over
time and will continue doing so. Despite the fact that the articles making up this
dissertation were published in the relatively short timeframe of 2016-2018, the
picture of knowledge dynamics in SME companies is to a certain extent a crosssectional one, since the companies in focus were not followed longitudinally.
Hence, there is no data on the cases to show empirically the chain of actions taken
by SME entrepreneurs and their network partners over time on the growth path.
The dynamic model created via the inductive approach thus calls for testing.
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The evolution of technological environments (Internet of Things, Artificial
Intelligence, Machine Learning etc.) alone is likely to alter the way companies
create, search for, transfer and exchange knowledge in the future. Also, the
sample in the studies making the articles differed. Future researchers might be
inclined to take that longitudinal case-based approach, as that would also
contribute to the further development of growth models of companies. Despite
the notions expressed in the theoretical part of the thesis that the growth models
are (too) numerous and that they (as stated by some scholars) are “all wrong”,
there seems to be potential to elaborate on them from the knowledge
management point of view. This suggestion can be defended from the point of
view that the target population of the studies – technology-based SMEs – are both
highly dependent on their ability to act on knowledge management and
simultaneously resource-constrained for practicing it.
The cases selected for the studies constructing this thesis were purposefully
sampled, and so there was no randomness in the selection of the KM stakeholders
under study. This may create bias and limit the generalizability of findings based
on the cases selected. The general limitations of the case study method in this
sense prevailed: These may be related to the uniqueness of each unit under study
and the resulting lack of generalizability. The researcher aimed avoiding this
pitfall via method and researcher triangulation.
The main research philosophy adopted for this dissertation – the inductive
approach – set another inbuilt limitation. The dilemma of inductive reasoning
refers to the social process by which we generalize though we only have observed
particulars. Therefore, we may proceed from “various grounds to various claims
in an attempt to convince an audience” (Toulmin, 2003). The researcher has
utilized the strategy of contextualization to improve the “quality of reasoning”,
as proposed by Ketokivi and Mantere (2010), by sticking to the cohort of
companies in focus and not generalizing beyond this context.

6.3 Recommendations for further research
Despite notions that technology-based new ventures are “born global” (i.e. they
enjoy a global business opportunity as well as are subjected to global competition
early on), they still are, to an extent, bound to the business environment they
operate in. The SME companies studied in the enclosed articles were all residing
in Finland, which sets its own constraints and opportunities for SMEs. The
impacts to what should be done in SMEs’ knowledge management and how are
impacted by socio-cultural factors as well as technological-monetary ones
surrounding SMEs. A comparative study covering technology-based SMEs from
various origins would shed light on the importance and impact of these
contributing factors to SME development in relation to knowledge dynamics.
The view created in this thesis was loyal to its target and title focusing on
technology-based SMEs. Thus, samples were somewhat homogenous and thus
generalizations to all types of SMEs may be limited. However, within the scope
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of technology-based SMEs, there was heterogeneity, as companies in samples
operated in different industries. One approach to further the study would be to
drill down to companies operating in a particular industry or product category.
As an example, a SME working on physical products - with potential to access a
patent - may operate differently time- and action-wise to a gaming company with
at maximum copyrights and trademark achievable for protection. The latter is
also likely to have an even shorter window of market opportunity. Sector-specific
studies might be needed to create more targeted academic contributions on
knowledge dynamics as well as to serve practitioners better in each sector in the
development of their competitiveness via dynamic KM.
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YHTEENVETO (SUMMARY IN FINNISH)
Pienet ja keskisuuret (pk-) yritykset ovat nyky-yhteiskunnassa keskeisessä roolissa työpaikkojen luomisessa. Niiden kyky kasvaa ja työllistää on enenevässä
määrin alkanut kiinnostaa poliitikkoja, yrityskehittäjiä, sijoittajia – kuten myös
tutkijoita. Pk-yrityskentän yksi sektori – teknologialähtöiset yritykset – erottuu
joukosta kasvu- ja kansainvälistymispotentiaalillaan. Samanaikaisesti nämä yritykset toimivat voimakkaasti ja nopeasti muuttuvassa ympäristössä niin teknologian, markkinoiden kuin kilpailunkin suhteen. Tämän epävarmuuden kautta
riski yrityksen osaamispääoman arvon nopea aleneminen on todellinen riski teknologialähtöisille pk-yrityksille. Koska osaaminen voidaan määritellä organisaation kyvykkyydeksi toimia tehokkaasti ympäristössään, yrityksen kyky johtaa
osaamistaan on keskeinen henkiinjäämisen ja kasvun edellytys muuttuvassa
kontekstissa.
Aiempi tutkimus on tuottanut lukuisia malleja kuvaamaan osaamisen johtamista. Luoduissa malleissa keskeisinä elementteinä ovat olleet luokittelut ja
mallit, joilla osaamisen johtamista on jaettu esim. osaamisprosesseihin, osaamisen artefakteihin, osaamisen johtamisen työkaluihin tai älyllisen pääoman osatekijöihin.
Tähän saakka tutkimus on useimmiten johtanut mallinsa suurista ja etabloituneista yrityksistä kerätystä datasta, ja siten keskittynyt myös luotujen mallien soveltuvuuteen samassa kontekstissa. Pk-yritysten eivät kuitenkaan rajallisten resurssiensa vuoksi kykene soveltamaan näitä malleja sellaisenaan. Lisäksi
osaamisen ja sen johtamisen mallinnusta on tehty vielä rajallisemmin teknologialähtöisten pk-yritysten tarpeisiin verrattuna yleiseen pk-yrityksiin suunnattuun
tutkimukseen.
Aiempi tutkimus on pääsääntöisesti ollut tutkimusotteeltaan kuvailevaa
poikittaistutkimusta, joten sen luomat mallitkin ovat olleet luonteeltaan staattisia.
Luoduista osaamisen johtamisen viitekehyksistä on puuttunut teknologialähtöisten yritysten kasvupolun keskeinen piirre, muutos. Tämä ajan ja kehityksen
tuoma dynamiikka koskee sekä osaamista itseään että sen johtamista. Vaikka teknologiayritykset mielletään lähtökohtaisesti tulevaisuussuuntautuneiksi, tulevaisuuden tutkimuksen käsitteet ja työkalut ovat harvoin löytäneet tietään osaamisen johtamisen malleihin. Huolimatta yleisestä näkemyksestä, jonka mukaan
yhteistoiminta ja osaamisen jakaminen ovat keskeisiä tekijöitä nykyaikaisessa
osaamisen johtamisessa, toimijoiden välinen dynamiikka tulisi nykyistä paremmin sisällyttää osaamisen johtamisen malleihin niin teoreettista kehitystä kuin
mallien toiminnallisuuttakin varten.
Tämä tutkimus pyrkii osoittamaan, kuinka dynaaminen malli osaamisen
johtamisesta voidaan rakentaa lisäämään tietämystä tutkimusalueesta ja parantamaan osaamisen johtamista yritystasolla. Tutkimus käyttää monimenetelmäistä tutkimusotetta ymmärtääkseen ja tulkitakseen tutkittavaa ilmiötä. Työn
tulokset osoittavat kuinka osaamisen sisältö ja sen johtamisen toiminnot muuttuvat teknologialähtöisessä pk-yrityksessä ajan funktiona yrityksen liikkuessa
dynaamisten kehitystasojen välillä. Tutkimuksen löydökset tiivistyvät luotuun
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integratiiviseen malliin dynaamisesta osaamisen johtamisesta sekä siitä johdettuihin potentiaalisiin käytännön sovelluksiin. Malli on sekä kontribuutio osaamisen johtamisen ja teknologialiiketoiminnan tutkimuksen teoriakehitykseen että
työkalu käytännön toimijoille, jotka haluavat tehostaa osaamisensa johtamista
alati muuttuvassa toimintaympäristössä.
Keskeistä mallissa on pk-yrityksen osaamisen kuvaaminen yksittäisten
osaamistekijöiden muodostamana portfoliona, jossa yksittäiset osaamiset ovat
eri dynaamisissa kehitysvaiheissa, joissa kussakin on omat tavoitteensa, osaamisen johtamisen instrumentit, avainresurssit ja -prosessit kuin myös kyseiselle kehitysvaiheelle relevantit eri yhteistyötahot. Näissä vaiheissa pk-yritys voi hyödyntää niin organisaation kuin sen avainhenkilöidenkin ”perimää” kuin myös
yrityksen sisäistä kokemusta niin saman osaamistekijän aiemmista vaiheista
kuin myös opittuja käytänteitä aiempien osaamistekijöiden kehitysdynamiikasta.
Intergratiivisen mallin yhtenä hypoteettisena sovelluksina tutkimus esittää
kaksisyklisen mallin, jossa yrityksen osaamistekijät kehittyvät ns. startup-vaiheesta kasvuvaiheeseen, palatakseen uusiutumisen kautta uudelleen startup-vaiheeseen. Toinen tutkimuksen liitteissä kuvallistettu hypoteettinen löydös kuvaa
dynaamisesti etenevää pk-yritystä ympäristönä, jossa uusien mahdollisuuksien
kartoittaminen sekä tehtyihin valintoihin pohjautuva toteuttaminen ovat molemmat yhtä aikaa läsnä, joskin näkökulman painotus riippuu kohteena olevan osaamistekijän dynaamisesta kasvuvaiheesta.
Kuten johtamisen tutkimuksen luomat mallit yleensäkin, tutkimuksessa
luotu malli on tarkoitettu edelleen kehitettäväksi. Intregatiivisesta mallista johdettujen hypoteettisten käytännön sovellusten testaaminen käytännön toimijoiden tasolla tulee antamaan viitteitä mallin toimivuudesta ja kehitystarpeista. Nyt
luotu malli ja sen johdannaiset tulisi nähdä varhaisina vaiheina tutkimuksessa,
joka tähtää tiedon luomiseen aiemmassa tutkimuksessa aliedustetusta kohderyhmästä. Käytännön toimijoita mallit palvelevat työkaluina, jotka auttavat teknologialähtöisiä pk-yrityksiä tunnistamaan osaamisportfolionsa osatekijät ja niiden
kehitysvaiheet. Mallit myös auttavat toimijoita suunnittelemaan ja toteuttamaan
osaamisen johtamisen käytäntöjä, jotka tehostavat osaamisen luomista, suojaamista, jakamista ja hyödyntämistä.
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APPENDICES
Appendix 1: A hypothetical instantiation (1) of the framework

FIGURE 12

The iterations within the framework
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Appendix 2: A hypothetical instantiation (2) of the framework: The knowledge
portfolio

FIGURE 13

Knowledge portfolio assets in different states of development
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Appendix 3: A hypothetical instantiation (3) of the framework: Start-up and
growth loops across states of development

FIGURE 14

The two-loop model of start-up and growth
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Appendix 4: A hypothetical instantiation (4) of the framework: Scanning and
planning paradigms

FIGURE 15

The temporal ambidexterity – concurrency and alteration of focus on scanning and planning horizons
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1. ABSTRACT
Knowledge management (KM) is a widely-used term in management science of 2000’s. The key
essence of KM can be coined e.g. as a “purposeful management of activities and processes for
leveraging knowledge to keep and improve competitive positioning by using well individual and
collective knowledge resources of the firm and its stakeholders” (CEN, 2004).

Majority of the KM discussion and research has focused on recognition, expression and
dissemination of knowledge as it manifests itself in the present day of an organization. Research
has focused on tangible knowledge artefacts such as Patents, Utility models, Trademarks,
Licenses. The processes of creation and maintenance of knowledge are used more often by
companies as protective measures rather than as dynamic tools for new value creation.
Furthermore, the concepts and practices of futures research and anticipation are rarely studied as
vital parts of KM.
The paper at hand studies the views and strategies of Small- and Medium-sized companies in
Finland in their reach for managing present and future-related knowledge by means of qualitative
research. The authors propose a double-dichotomy framework of alternative approaches and
dimensions for KM. The framework is derived from the analysis of material collected by semistructured interviews with the people responsible for KM processes in 10 companies. Authors also
point out the needs for further research on the field.
Keywords: innovation, knowledge, anticipation, foresight, value creation
2. Introduction
Success and survival companies is largely dependent on their capability to innovate new products,
services and business models (Hurley, Hult, and Knight, 2005; Siguaw, Simpson, and Enz, 2006).
The pace of change is increasing, as noted e.g. by Fine (1999) with the concept of “increased
clockspeed”, underlining the importance for swift action on knowledge. New knowledge often
manifests itself in the form of new technologies, and this urges companies to develop new
business models to fully benefit from the novel knowledge (McInnes, 2005).
As a response to these challenges the concept of Knowledge Management (KM) has emerged.
Wiig (2000) suggested that “as for other management directions, it is expected that KM will be
integrated into the basket of effective management tools, and hence disappear as a separate
effort”. To a certain extent the widespread adoption of KM concept has taken place, but gaps exist
between the theory and practice of Knowledge Management (Hung et al., 2011). Thus, further
development and testing of models is necessary. Hung et al. (ibid.) proposed that instead of a
holistic activity KM should be regarded as a process that can be divided into sub-processes. The
sub-processes are; knowledge creation, knowledge storage, knowledge sharing, and knowledge
application. A major part of literature and research on KM has been focusing on development and
testing of firms’ maturity in their KM models. Nowacki and Bashnik (2016) concluded that firms
show very little innovativeness in the way they manage knowledge. This implies that there is a risk
of routinizing the KM activity, instead of using KM as a search method for improved competitive
advantage.

The KM models, tasks, roles and responsibilities have been mostly designed for large companies
with ample HR and data management resources. As Cerchione and Esposito (2017) noted, SMEs
are entities without a strategy of their own for processes of knowledge management, and it is not
that clear what knowledge management systems they apply. SMEs also have various ways in
organizing for KM, both within company as well as with the network of the firm. Holzinger et al.
(2014) state that to stimulate fresh ideas and encourage multidisciplinarity domain experts from
diverse areas should be brought together for an impactful KM work.
Also the futures dimension - the tools and practices of futures research and anticipation - are rarely
integrated systematically into KM. Hines and Gold (2015) make a remark that the integration of
foresight work embedded into corporate culture and work processes is still relatively rare, despite
its potential to create an impact and add value. As a solution Hines and Gold (ibid.) propose
creation of a separate “futurist” role into the organization, to ensure foresight is included in the KM.
However, SMEs are not likely to afford a separate function for foresight-task, it should rather be
integrated into general KM work.
This paper starts with the assumptions that SMES have a variety of ways of performing both KM,
and also foresight as an element of KM. They also have various ways in organizing KM, both within
company as well as with the network of the firm. At start the researchers also assumed that certain
typologies of current practices and suggestions for integration and improvement of KM processes
can be proposed based on research findings.
The paper is organized as follows: After abstract and introduction (chapters 1 and 2), Chapter 3
presents the objectives set for the research and research questions. Chapter 4 (Literature review)
introduces the main concepts and processes of KM and foresight as expressed in earlier research.
Chapter 5 describes the methodological choices and implementation of the empirical research, the
results of which are presented in Chapter 6. Chapters 7 to 9 discuss the research process and
quality as well as points out implications of the study and directions for further research.
3. Research objectives
This research set out to explore the knowledge management practices in knowledge- and
technology-based growth-aspiring SMEs. The research also aimed at shedding light on justification
the people responsible for KM give to their choices.
In addition the research aimed at contributing to the prior-art knowledge of SMEs performing
knowledge management. The aim was to find out whether there is something specific in this cohort
of companies that would add to the knowledge pool of the KM phenomenon. These findings and
emerging frameworks could potentially be used to improve knowledge management process in
SMEs.

Since the earlier practice, research and publications of the two researchers is a combination of IP
management and futures foresight, this paper also aims at seeing how these two areas coexist
inside knowledge management practice.
The research questions set for the research process were;
1. How is knowledge management conceptualized by SMEs and what are the KM trends
affecting SMEs?
2. What are the actions and processes of KM performed by the growth-aspiring technologyand knowledge-based SMEs?
3. What are roles of SME´s internal functions as well as the role of external partners in KM?
4. For both questions 2 and 3; what are the reasons and forces affecting the choices made in
KM practice?

4. Literature review
4.1. Knowledge – definition and related concepts
Research related to knowledge is vast and spreads into the scientific areas of philosophy,
educational and organizational sciences as well as to business management. At its roots,
knowledge can be defined in various ways. As an example, organizational knowledge creation
theory defines knowledge in three parts, indicating that it has complementary properties. First,
knowledge is justified true belief. Individuals justify the truthfulness of their beliefs based on their
interactions with the world (Nonaka 1994, Nonaka et al. 2006). Second, knowledge is (i) the
actuality of skillful action (we recognize that someone has knowledge through their performance of
a task) and/or (ii) the potentiality of defining a situation so as to permit (skillful) action (Stehr 1992,
1994). Knowledge allows humans to define, prepare, shape, and learn to solve a task or problem
(von Krogh et al. 2000). Third, knowledge is explicit and tacit along a continuum (Nonaka 1991,
1994).
An ample body of research has been built on the DIKW taxonomy (Zeleny 1987, Ackoff 1989,
Baskarada and Koronios 2013, Cooper 2014) that makes a distinction between Data, Information,
Knowledge and Wisdom. Rowley (2007) stated that there are many competing definitions for each
of these constituents and it can also be stated that the lines between the categories blur. Rowley
also added one more layer to the “knowledge pyramid” (Figure 1 below); Intelligence.
When applying the DIKW (or DIKIW) model, it is vital to note that the different layers are not fully
independent. For an organization quality of work done and results achieved in one layer affects the
following layers.

Figure 1: DIKIW-hierarchy, based on Rowley (2007)

This study uses the conceptualization of Rowley, where he defines the core essence of each
category top-down as follows: (ibid., bolding by the authors of this paper) “: Wisdom is the ability to
increase effectiveness. Intelligence is the ability to increase efficiency. Knowledge is knowhow, and is what makes possible the transformation of information into instructions.
Information provides answers to “who, what, where and when” questions. Data are defined as
symbols that represent properties of objects, events and their environment”.
In this study authors have combined the intelligence and knowledge categories of Rowley. For this
study the knowledge management means the practices and tools used to turn achieved
information into action to improve efficiency for the future success in business. The layer of
Information in the framework is not limited only to interpretation of facts based on recorded data
of the past and present – but following the ideas of de Jouvenel (1967) these facta should be
expanded with futura, images of mind (of potential future facts) that can also be labelled as
anticipation.
4.2. Knowledge Management as a process
Knowledge management, as discussed above, is a concept of many competing definitions. The
conceptualization of KM naturally does not suffice to a practitioner, as concepts need to get
implemented. For that purpose, research has proposed models of KM process. Shahzad et al. (2016)
concluded that 1) there is a significant positive impact of system-oriented KM systems strategy on
KM process capabilities, creativity and organizational performance. 2) KM processes have
significant impact on organizational creativity and performance. 3) Organizational creativity has also
been identified as having a strong significant impact on organizational performance.
Knowledge management process models are not of short supply, and the differences in the
content and scope of the models come from many variables. One dimension studied is whether the
knowledge being managed is from internal (to the firm) or external sources. Menon and Pfeffer

(2003) reported tendency of organizational members to more likely value knowledge from external
rather than internal sources. A potential reason for that is that valuation of externally sourced
knowledge eliminates the members' status to the information evaluation i.e. positions of power
within the organization. On the other hand, Darr et al. (1995) concluded that knowledge coming
from units of the same organization transfers and improves the performance of a unit studied more
likely than knowledge coming from external sources (Darr et al. 1995). The applicability of the
knowledge might be more straight-forward as it is coming from people and units who share the
same business scope. However, this may lead to ignorance of novel ideas and new angles for
future success that an independent external source might provide. This dilemma is especially
relevant for SMEs to consider, as their own resource scarcity forces them to rely a lot to external
sources of knowledge.

4.3 Foresight and anticipation as knowledge processes
Foresight is a theme that pertains to a wider concept of futures research. For Kuusi et al. (2015)
futures research means those studies that are set for pragmatically valid knowledge concerning
possible, potential futures. The sub-concept of future foresight by Kuusi et al. (ibid.) covers the
more pragmatic side of future studies: method-based debates and analyses of different futures.
Foresight practices and processes add value to the strategy formulation. Dufva and Ahlqvist (2014)
claim that a foresight process is an effort where different stakeholders jointly explore futures and
interpret them to formulate actions in present tense. To facilitate knowledge-to-action process,
tools such as technology roadmapping (TRM), radical technology inquirer (RTI) and technology
radar (TR) have been developed.
In wider sense an organization engaged in quest for knowledge of potential futures is incorporating
anticipation. Anticipation serves as an umbrella term that covers different processes and practices.
Poli (ibid.) summarized the key components for the discipline of anticipation implemented across
sciences as follows:
1) In anticipation one will be faced with calculable risks and incalculable uncertainties
2) There is a difference between the distant future and future in the present, the latter one
referring to the future as projection of the past and former one to “proper” anticipation,
allowing also discontinuities
3) There are continuous and discontinuous/ruptured futures
4) Systems and organizations vary in their capability to use futures
5) Anticipations take place in many layers (e.g.. social and psychological) and are of
different types - like explicit and implicit.

This paper focuses especially in the points 2 and 4 in Poli’s list of components and tries to shed
light on intensity, processes and capabilities that SMEs possess in including anticipation-related
elements to their KM function.
Future change is often but not solely caused by technological advancement. It also affects more
functions within a company than just technology. Anticipation of technology is used across
industries and by organizations of different sizes and development stages. Prior-art research on
technology anticipation is SMEs indicates there is a lot of unused potential. Boghani et al. (2008)
pointed out that nascent ventures who learn and apply technology anticipation processes generate
stronger R&D proposals and increase their odds to get funding. On the other hand, a research in
UK by Farukh et al. (2001) indicated that only 10 % of manufacturing firms studied were applying
the most common technique - technology roadmapping - and even that did not always take place
in a repetitive and continuous process. Even the more engaged ones reported they have
challenges in starting anticipation processes and keeping the processes alive. These findings
underline the need for conceptual and practical development of technology foresight deployment in
SMES.
Anticipation is a process that deals with high amount and magnitude of uncertainty. The negative
aspect of that fact is that some of the findings of anticipative work and ideas built on those will have
no use in the future that will unfold. The multitude of options and high uncertainty have been
traditionally linked to the beginning of the innovation process, coined e.g. to the term of “fuzzy front
end of innovation” (Thanasopon et al., 2015). Adoption of anticipatory/foresight practices to KM
means that the fuzziness and open-endedness is present across different stages of research and
development processes where new and unique knowledge and solutions are sought (Saukkonen &
Bayiere, 2017). Sung and Choi (2012) found out that the positive effects of knowledge utilization
where stronger when teams were exposed to high environmental uncertainty.
The need to combine elements of knowledge management on the existing knowledge and
reaching for new knowledge is a topic addressed in the scholarly writings from the very early era of
knowledge management literature. Back in 1990, Cohen and Levinthal defined an approach that
they call absorptive capacity that would allow an enterprise to fully utilize their knowledge potential.
According to Cohen and Levinthal (ibid.) firms must “leverage their existing knowledge and create
new knowledge that favorably positions them in their chosen markets. In order to accomplish this,
firms must develop an "absorptive capacity" - the ability to use prior knowledge to recognize the
value of new information, assimilate it, and apply it to create new knowledge and capabilities”.

4.4. Specific context of the study: knowledge- and technology-based SMEs

SMEs are recognized as the most important engine of net job growth in most economies. Most
often their ability to employ is fueled by the growth achieved. Their continuous growth requires
expansion to international markets. In countries with limited size of domestic markets such as
Denmark, Estonia and Portugal the share of total exports generated by micro- to small-sized
companies of 1 to 49 employees is as high as 30 % (Eurostat, 2014).
Both the source of competitive advantage (knowledge and technology) as well the nature of a
global market opportunity and competition require measures in KM. Different stage models of
company growth (e.g. Greiner, 1972; Marmer et al., 2011) confirm the view that in order to grow
and evolve companies’ strengths related to their knowledge vary across stages. During the growth
trajectory there are needs both for knowledge protection as well as knowledge dissemination within
the company. Also the knowledge management action with members within the business
ecosystem a company is a needed.
The need of managing uncertainty by acquiring and transforming knowledge becomes evident in
the definitions given to startups i.e. young companies with potential to fast and scalable growth.
Blank (2010) and Ries (2011) underline the concepts of novelty, uncertainty and search as
fundamental characteristics of these firms. Most of the companies in the sample of the empirical
part of this study fall into the start-up category of SMEs, highly dependent on successful KM that
includes creation of new knowledge.

5. Research methodology
For this study the qualitative, explotatory approach was chosen as the issue area studied was
presumed to be complex and rich. Also the sheer amount of different concepts and frameworks
used for KM concept studied requested data gathering by live discussions with respondents. This
in order to ensure shared interpretations of the questions and terms in the data gathering phase. In
this type of study it is not a viable option to define processes in variables expressed in numerical
measures. As Black (1994) state: “Unlike quantitative research, qualitative approach seeks to
answer the "what" question, not the "how often" one.” Also “…qualitative methods take a holistic
perspective which preserves the complexities of human behavior” (ibid.).
The research target was partly conceptual. Authors aimed at understanding the phenomenon and
derive typologies and propose new frameworks for further study. Young (1995) proposed that an
important parameter of conceptual research is an attempt to systematically give clarity to concepts.
Conceptual research is used to either develop new concepts or alternatively to reinterpret existing
ones (Kothari, 2008, Leuzinger-Bohleber and Fischmann, 2006). Thus conceptual research take
the concepts themselves as a research object. Conceptual researchers investigate e.g. the origins,
meanings and usage of concepts. The researchers aimed at shedding light on how practitioners in

SMEs have internalized the KM concept and processes, what factors have affected their ideas of
related concepts and how the concepts, tasks and roles of KM have been externalized within the
company and with its network partners.
The researchers collected the data via in-depth interviews with 10 Finnish SME-companies, all of
which can be categorized to knowledge/technology-based companies. All interviews were
recorded, transcribed and subjected to content analysis. In the analysis the principle of researcher
triangulation to enhance the research process (Kitto et al., 2008) was used. The two authors first
independently reviewed the material collected and rearranged, formulated their own conclusions
from the data, that were then synthesized for a joint view.
6. Findings
6.1. The changing landscape of knowledge
What might be the new conceptualization of knowledge and its relation to other concepts in a
modern context? Based on the study in the era of digitalization the sheer amount and availability of
data creates a potentially wider base for the original DIKIW hierarchy pyramid than the one
presented in the literature review (see Figure 1). However, this abundance of data that can be
retrieved and rearranged across various information systems of the company and its stakeholders
can cause a problem in itself. The defining “3 V´s “ characteristic of the modern concept of Big
Data (e.g. Sagiroglu and Senanc, 2013) remind that in what comes to data we live in the era of
volume, variety and velocity. The size of data can be too massive, have too much variety of format
and b etoo fluctuating to be correctly acted upon. This abundance may also harm the ability of a
firm to move into the higher levels of the hierarchy. This new context of massive data would need
capabilities of information and knowledge capabilities that have been outspeeded by the
hypergrowth of data. The modern DIWIK model illustration has the shape shown in Figure 2. Due
to the width and depth of the data only part of it can be used and acted upon. Even more
importantly, only a part of it is useful for the future-related decision-making, development and
creativity, in other words some of the expanded data is waste. The imbalance between amount of
data and capabilities/resources for its use can also lead some important data ending up in
unwanted waste, thus hurting the future knowledge capacity of the SME firm.

Figure 2. The new hierarchy of DIKIW? (by authors)
Especially when reaching out for future knowledge, the widened time horizon opens up a growing
array of options of future development (market trends, technologies). The product and service
development in companies typically aims at narrowing the options and making choices of the
technologies and features to be included to the products and services rolled out. This idea of
narrowing down has been described as “innovation funnel” (Dunphy et al., 1996). The evaluation
of relevant knowledge happens inside the “planning horizon” of the companies (Kuusi et al., 2015).
On the contrary, the future-oriented knowledge search happens on the “scanning horizon” (Kuusi
et al., ibid.) and has the shape of a widening funnel. As stated by Saukkonen and Bayiere (2017),
a firm has a dilemma of operating within two funnels that act in a contradictory way in what comes
to narrowing vs. widening the options. This a major challenge for technology and knowledge based
SMEs. Just like the data describing the past actions of the company and markets has “waste” in it,
so does the scanning of futures produce future-informed data that proves to be waste first at some
later stage. Either the envisioned future does not happen, or proves to be irrelevant to the
company at that point of time when it occurs.
As a summary of finding from empirical study it can be stated, that companies and people
responsible of KM in them do identify the challenges of data accumulation vs. usage, but are short
of fast and cost-efficient enough methods to work on the growing sets of data. This confirms the
researcher´s conceptual proposal of reshaped pyramid of DIKIW-model.

6.2. Knowledge management processes and their use in SMEs

The content analysis of the primary data collected with qualitative method both gave view on 1)
what are the KM processes identified by actors in SMEs and 2) how common their use is in the
SME sample.

The interviewees described both the processes taking place at the moment as well as reflected the
processes thought over, discussed and planned for the future in their organizations.
The researchers conclude that the processes identified can be categorized using two axis, where
one axis concerns whether the process is done internally in the company or does it also include
external actors as stakeholders (axis of dimension). The other axis makes a distinction in the
processes that are “purely” operational/opportunistic) vs. having more of a strategic view inbuilt into
them (axis of approach). The difference between the two may be best described using Mintzberg’s
framework where management contains decisions that are a) opportunistic/fully operational i.e.
decisions on current situation and with the prevailing knowledge and recourses, and where
decisions have a weak linkage to future decisions, at least by the time they are made and b)
strategic decision-making that happens still in somewhat predictable conditions but in a timeframe
that allows rearranging and acquisition of (some) additional resources.
The findings placed to the framework consisting of this double-dichotomy (Figure 3), indicates that
SMEs tend to act in KM is mostly in internal and operational layers. The companies have identified
and were planning processes with more strategic and outreaching nature, but they were rarely
taken in use. Despite the view that internal and operational KM creates a solid base for future
innovations (Olander et al., 2014), the linkages between operational and strategic knowledge
management processes were not strong. Also Olander et al. (ibid.) in earlier research identified this
need to move in KM beyond protective measures such as patenting and data security, but that
good operational governance works as a foundation that should help in dealing with future
uncertainties. So the cohesion between layers would be needed.
The findings also reveal the tendency to act on the protective side of knowledge management
compared to the dissemination of knowledge. However, most companies expressed intention to
more externally focused actions in KM and more strategic view to be added to the KM. This in
order to enhance the organization’s (and its network’s) capabilities to keep innovating and creating
new value in the future. However, these recognized needs had in just a few occasions turned into
action. The reasons for the inertia included lack of time and personnel as well as lack of clarity in
role division between different parties when acting in KM. In one occasion the co-creative approach
had even led to a loss of IPR to a customer, so the realistic answer to “protect or disseminate”
question is a combination of both solutions.

Figure 3: Taxonomy and width of usage of KM processes in the sample (Legend: Bold font =
commonly used; Italic font = used by some; plain font = identified but not yet in use)
When interpreting the taxonomy it is vital to notice that the different quadrants are not alternatives.
A holistic KM strategy and action can and should include elements of all sections, like is the case
with many successful firms.
6.3. Factors affecting the KM concepts and processes in SMEs
Another interesting question was: Where do the choices of KM processes come from? Is there a
clear view not only on what is done in KM in SMEs but also why just these processes take place?
The study also aimed at finding out what are the future plans for enhancing KM and why just those
development steps are in discussion or making?
The researchers identified a pattern that has been discussed in earlier research, the impact of the
key persons inside the SMEs. They have a personal effect on KM and innovation processes taken
in use and also in the way these processes are performed. Churchill and Lewis (1983) noted that in
the life-cycle of a company in the early stages the owner-founders´ abilities were crucial, but
subjected to go lower in importance over time. Hauschildt and Schewe (2000) described the role of
key persons to be the ones of gatekeepers and/or promotors, but did not link the role of key
persons to the time dimension.
This research revealed that a) key person´s effect in KM scope and practice in SMEs is crucial and
b) the KM choices and actions by them are largely based on legacy. As Xie et al (2018) put it, spinoffs carry the legacy of their parent firms. This was clearly seen in teams that had spun off from
larger entities to start a personal entrepreneurial endeavor as well as SMEs that had started as a

new venture arm of a bigger corporate entity. The organizational legacy clearly has an impact on
KM in SMEs.
Another type of legacy is related to the individual that is central to KM process in an SME. Their
career legacy – the motivation that drives them and the impact they most aim at having (Hinds et
al., 2015) affects what the SME will focus on. Their strengths and weaknesses become the ones of
the company. This legacy is a combination of their education, work history and knowledge
possessed. Naturally this can act in favor of an SME. In some of the cases in the sample the core
team members came from a strong research institute background, so they bought the KM practices
that go beyond an average SME level with the. This phenomenon at the same time makes SMEs
vulnerable as changes in personnel can mean sudden loss of KM and innovation capabilities. The
role of the key persons’ career legacy can also mean myopia – distant objects seem too blurry
whereas nearby objects are seen well and they are easier to cope with. This ignorance of new
knowledge that does not pertain to the area of the person’s legacy area can be the negative KM
effect of legacy.
Other dimensions of knowledge management that arise from the research data is the
formality/informality as well as explicit/implicit nature of the processes of KM. Typically SMEs have
a relatively high degree of formality and explicitness in the processes that focus on the protection
and maintenance of firm´s own and existing knowledge. Processes and principles most often exist
for internal and operational issues related to the known. There are process descriptions and
procedures for knowledge that is clearly definable and thus can be said to enjoy a certain level of
certainty (i.e. “facta”). The more uncertain the knowledge is e.g. when it is of an external source, is
future- and upcoming innovation –related (i.e. “futura”), the more informal the KM processes are..
Also more implicit are the processes to the people acting with that knowledge. Researchers
identified processes and core ideas for acting with uncertain type of knowledge – that often acts as
an important spark for innovation and new value creation – but they resided in minds of just a few
people in organization. Most respondents expressed intention or at least interest to formalize the
processes and move forward towards more externally-linked and strategic action in KM. This
enhanced role of external partners was expressed to take place in both knowledge protection as
well as in the quest for new knowledge. Action taken to those identified directions was however
scarce.
External partners were used in many cases to assess a new product or functionality in what comes
to knowledge artefacts (like evaluation of patentability and writing process for a patent/utility). This
move to the external dimension may however miss some of its potential if the KM action is only
focused on individual and operational knowledge item. So, controversially, using external
resources and thus enlarging the pool of people working on firm’s knowledge may even be
counterproductive for innovation, if the external resources are not used also to act on uncertain

and future-related action. The external members and their knowledge should be brought in to serve
also the strategic dimension of KM.

7. Discussion
This research contributes to the earlier findings in the literature of knowledge management, SMEs’
growth and innovation. The findings support the earlier views that SMEs fall short in their
knowledge management processes in comparison with larger and more mature companies. The
SMEs in the sample recognized the needs to improve KM processes to better serve their ongoing
creativity and innovation. Due to lack of resources many of the identified development steps were
not yet taken.
The dilemma of modern management of overwhelming, volatile and fast-changing data became
evident when studying the sample population of growth-aspiring technology- and knowledge-based
SMEs. The abundance in sources and amount of knowledge that potentially would serve for
innovation and competitiveness is exceeding the capabilities of the organization to handle it. Even
more so when acting with external and future-related knowledge is in scope.
The challenges of KM for SMEs in a modern context are at least threefold: 1) SME’s ability to act
on knowledge depends heavily on its core people. They make the choices on what and how to act
upon in KM. The rationale of their choices is often based on the organizational and career legacy
that may not be relevant to the current environment. 2) When KM processes get outsourced to
company partners in SME’s network, the accumulation of knowledge and knowledge –related
capabilities and/or proprietorship of knowledge may get negatively affected 3) Volatile nature of
knowledge and increased uncertainty of knowledge may lead SME companies to settle in vaguely
defined and communicated KM processes. This in its turn may harm the strategic and operational
cohesion of the firm’s internal resources in KM. This together with a fact that SMEs by definition
are resource-scarce created a major challenge for SMEs in KM.
The research confirmed also the earlier findings of KM transforming towards a function that is
strategically oriented and bound to external network members. There still is a gap between the
intentions to implementation in this respect.
8. Implications (for learning, research policy, practice, for networking)
The research in hand pointed out both the current solutions of KM in growth-aspiring SMEs as well
as challenges in it. The results propose that the challenges of full-scale and high-impact KM (that

serves for both protection, utilization, dissemination and further development of knowledge) seem
to be growing at higher rate than the resources for them in SMEs. The authors were able to
recognize the following streams of further research and development needs both to practitioners of
KM as well as to researchers and scholars of it.
-

Processes and tools for screening and choosing relevant items from a growing pool of data
(present and future-oriented data) are needed

-

SMEs knowledge management processes with more of a strategic undercurrent than the
current operational/opportunistic actions is needed. This would allow SMEs to direct and
synchronize the scarce resources to best serve for creativity and innovation leading to
improved future competitiveness

-

There is a lack of approachable models for the interplay between a SME and its network
partners. These models would include models of choice of partners and criteria for it; roles,
right and responsibilities of each party. These models are needed to maintain the correct
balance between sharing and proprietorship of knowledge.

To reach these aims the authors of this paper suggest both conceptual and processual
development to take place, as well as case-based research to test the appropriateness of the new
models developed.
9. Concluding Observations
This research set out with and exploratory approach most focusing on the conceptualizations,
processes and development directions of KM as part of creativity and innovation management in
SMEs. The study did not set to test any prior models, as they were inductively created as a result
from the primary data from the empirical qualitative research. Further research could study e.g.
more in detail any of the four quadrants of the Focus-Dimension typology in Figure 3: OperationalInternal, Operational-External, Strategic-Internal, Strategic-External or address more specifically
one or more of the above-mentioned development needs: 1) Tools for screening and choice of KM
process alternatives 2) Alignment, articulation and communication of a cohesive KM strategy 3)
Networked operations in KM.
The sample of this research consisted of Finnish SMEs with a knowledge- and technology-base.
These type of companies operate typically in international market environment with international
competition. Therefore it may be justified to conclude that the key findings would repeat in other
contexts for same kind and size of companies. To confirm this it would be recommendable to
repeat the study either in other context or study more specifically companies in one or two fields of
industry. This would shed light on whether to there are some business-specific issues in KM and its
relation to innovativeness and creativity that this research could not reveal.

REFERENCES:

Ackoff, R. L. 1989. From data to wisdom. Journal of Applied Systems Analysis, 16, 3-9.
Baskarada, S., & Koronios, A. (2013). Data, information, knowledge, wisdom (DIKW): a semiotic
theoretical and empirical exploration of the hierarchy and its quality dimension.
Black, N. (1994). Why we need qualitative research. Journal of Epidemiology and Community
Health, 48(5), 425
Blank, S. (2010) “What´s a Startup? First Principles. (25.01.2010)”, [Online], Available:
http://steveblank.com/2010/01/25/whats-a-startup-first-principles/ (1st June, 2015)
Boghani, A.B., K. Long, and R. Jonash. 2008. “Technology Intelligence and Monitoring System
(TIMS).” White Paper, Monitor Innovation, Monitor Group, Cambridge, MA
CEN (2004), European Guide to good Practice in Knowledge Management – CWA 14924-5. Part
5: KM Terminology, COMITÉ EUROPÉEN DE NORMALISATION, Brussels.
Cerchione, R., & Esposito, E. (2017). Using knowledge management systems: A taxonomy of SME
strategies. International Journal of Information Management, 37(1), 1551-1562.
Churchill, N.C. and Lewis, V.L. (1983) “The five stages of small business growth”, Harvard
Business Review, [Online], Available:
http://www.researchgate.net/profile/Virginia_Lewis2/publication/228315536_The_Five_Stages_of_
Small_Business_Growth/links/00b495163f77e0bf82000000.pdf (5th May 2018)

Cohen, W., and Levinthal, D. Absorptive capacity: a new perspective on learning and innovation.
Administrative Science Quarterly, 35, 1 (1990), 128-152.
Cooper, P. (2014). Data, information, knowledge and wisdom. Anaesthesia & Intensive Care
Medicine, 15(1), 44-45.
Darr, E., L. Argote, D. Epple. 1995. The acquisition, transfer and depreciation of knowledge in
service organizations: Productivity in franchises. Management Science. 41 1750-1762
Dufva, Mikko, and Toni Ahlqvist. "Knowledge creation dynamics in foresight: A knowledge typology
and exploratory method to analyse foresight workshops." Technological Forecasting and Social
Change 94 (2015): 251-268
Dunphy, S. M., Herbig, P. R., & Howes, M. E. (1996). The innovation funnel. Technological
Forecasting and Social Change, 53(3), 279-292.

Greiner, Larry E. (1972) "Evolution and revolution as organizations grow", Harvard Business
Review pp. 37-46.
Hines, A., & Gold, J. (2015). An organizational futurist role for integrating foresight into
corporations. Technological Forecasting and Social Change, 101, 99-111.
Holzinger, A., Dehmer, M., & Jurisica, I. (2014). Knowledge discovery and interactive data mining
in bioinformatics-state-of-the-art, future challenges and research directions. BMC
bioinformatics, 15(6), I1.
Hurley, R. F., Hult, G. T. M., & Knight, G. A. (2005). Innovativeness and capacity to innovate in a
complexity of firm-level relationships: A response to Woodside (2004). Industrial Marketing
Management, 34(3), 281- 283.
Hung, Y. H., Chou, S. C. T., & Tzeng, G. H. (2011). Knowledge management adoption and
assessment for SMEs by a novel MCDM approach. Decision support systems, 51(2), 270-291.
Farrukh, C., Dissel,M., Jackson,K., Phaal, R. and Probert, D. (2009). “Valuing Technology Along a
Timeline of Technological Maturity.” International Journal of Technology Management, 48(1):42-55.
Fine, C. H. (1999). Industry clockspeed and competency chain design: An introductory essay.
In Automation in Automotive Industries (pp. 6-10). Springer, Berlin, Heidelberg.
Gordon, T.J. (2003). Science and Techology Roadmapping. Chapter 18 in Futures research
methodology, Version 2.0 [Z]. Millennium Project of the American Council for the United Nations
University.
Hauschildt, J., & Schewe, G. (2000). Gatekeeper and process promotor: key persons in agile and
innovative organizations. International Journal of Agile Management Systems, 2(2), 96-103.

Hinds, P. S., Britton, D. R., Coleman, L., Engh, E., Humbel, T. K., Keller, S., ... & Walczak, D.
(2015). Creating a career legacy map to help assure meaningful work in nursing. Nursing
outlook, 63(2), 211-218.
Kitto, S. C., Chesters, J., & Grbich, C. (2008). Quality in qualitative research. Medical journal of
Australia, 188(4), 243.
Kothari, C. (2008) Research methodology: Methods and techniques. New Age International, Delhi.
Kuusi, O., Cuhls, K. and Steinmüller, K. (2015) "The futures map and its quality criteria." European
Journal of Futures Research 3.1 (2015): 1-14.

Leuzinger-Bohleber, M. & Fischmann, T. (2006). What is conceptual research in psychoanalysis?
International Journal of Psycho-analysis, 87 (5) (2006), pp. 1355-1386
MacInnes, I. (2005). Dynamic business model framework for emerging technologies. International
Journal of Services Technology and Management, 6(1), 3-19.
Marmer M., Herrmann, B.L., Dogrultan E. and Berman R. (2011) “A New framework for
understanding why start-up succeed”, Start-Up Genome Report. [Online], Available:
http://gallery.mailchimp.com/8c534f3b5ad611c0ff8aeccd5/files/Startup_Genome_Report_version_
2.1.pdf (15th February 2014)
Menon, T., J. Pfeffer. 2003. Valuing internal versus external knowledge. Management Sci. 49(4)
497-513.
Nonaka, I. 1991. The knowledge-creating company. Harvard Bus. Rev. 69(6) 96-104.
Nonaka, I. 1994. A dynamic theory of organizational knowledge creation. Organ. Sci. 5(1) 14-37.
Nonaka, I., G. von Krogh, S. Voelpel. 2006. Organizational knowledge creation theory:
Evolutionary paths and future advances. Organ. Stud. 27(8) 1179-1208
Nowacki, R., & Bachnik, K. (2016). Innovations within knowledge management. Journal of
Business Research, 69(5), 1577-1581.
Olander, H., Vanhala, M., & Hurmelinna-Laukkanen, P. (2014). Reasons for choosing mechanisms
to protect knowledge and innovations. Management Decision, 52(2), 207-229.
Poli, Roberto. "Anticipation: a new thread for the human and social sciences?." Cadum 2.3 (2014):
23.
Ries E. (2011) The Lean Start-Up, Crown Publishing
Rowley, J. 2007. The wisdom hierarchy: representations of the DIKW hierarchy. Journal of
Information Science, 33, 163–180
Sagiroglu, S., & Sinanc, D. (2013, May). Big data: A review. In Collaboration Technologies and
Systems (CTS), 2013 International Conference on (pp. 42-47). IEEE
Saukkonen, J. & Bayiere, A. (2017). Torn between funnels: start-up entrepreneurs' dilemma of
getting started and preparing for change. In: Conference proceedings, volume 2: research and
reflective papers. 15th International Entrepreneurship Forum (IEF) conference. Ed. J. Mitra. Essex:
University of Essex. IEF Conference Proceedings, 414-433.

Shahzad, K., Bajwa, S. U., Siddiqi, A. F. I., Ahmid, F., & Raza Sultani, A. (2016). Integrating
knowledge management (KM) strategies and processes to enhance organizational creativity and
performance: An empirical investigation. Journal of Modelling in Management, 11(1), 154-179.
Siguaw, J. A., P. M. Simpson, and C. A. Enz. (2006). Conceptualizing innovation orientation: A
framework for study and integration of innovation research. Journal of Product Innovation
Management 23 (6)
Stehr, N. 1992. Practical Knowledge: Applying the Social Sciences. Sage, Thousand Oaks, CA.
Stehr, N. 1994. Knowledge Societies. Sage, Thousand Oaks, CA.
Sung, S. Y., & Choi, J. N. (2012). Effects of team knowledge management on the creativity and
financial performance of organizational teams. Organizational Behavior and Human Decision
Processes, 118(1), 4-13.
Thanasopon, B., Papadopoulos, T., & Vidgen, R. (2016). The role of openness in the fuzzy frontend of service innovation. Technovation, 47, 32-46.
Von Krogh, G., K. Ichijo, I. Nonaka. 2000. Enabling Knowledge Creation: How to Unlock the
Mystery of Tacit Knowledge and Release the Power of Innovation. Oxford University Press, New
York.
Wiig, K. M. (2000). Knowledge management: an emerging discipline rooted in a long history (pp. 326). Boston: Butterworth-Heinemann. 556–74.
Willyard, C.H., (1987). Motorola's technology roadmap process. Research management, pp.13-19.

Xie, X., O'Neill, H., & Tan, J. (2018). Post-Entry Diversification in a Shifting Institutional
Environment: How Strategy Patterns Differ for De Novo and Corporate Spin-Off Ventures. Journal
of Small Business Management, 56, 281-296.
Yew Wong, K., & Aspinwall, E. (2005). An empirical study of the important factors for knowledgemanagement adoption in the SME sector. Journal of knowledge management, 9(3), 64-82.
Young, R (1995) Conceptual research. Changes: An International Journal of Psychology and
Psychotherapy, 13 (1995), pp. 145-148
Zeleny, M. 1987. Management support systems: towards integrated knowledge management.
Human Systems Management, 7, 59-70.

II
INTELLECTUAL PROPERTY IN THE ERA OF INCREASED
CLOCK SPEED: RETURN OF KNOWHOW?

by
Juha Saukkonen, Mauno Harju & Pia Kreus, 2019
In Proceedings of the 10th European Conference on Intangibles and Intellectual
Capital ECIIC 2019, University of Chieti-Pescara, Italy, 23-24 May 2019. Reading:
Academic Conferences and Publishing International (ACPI) Ltd., pp. 244–252
Reproduced with kind permission by ACPI.

/ŶƚĞůůĞĐƚƵĂůWƌŽƉĞƌƚǇŝŶƚŚĞƌĂŽĨ/ŶĐƌĞĂƐĞĚůŽĐŬ^ƉĞĞĚ͗ZĞƚƵƌŶŽĨ
<ŶŽǁŚŽǁ͍
:ƵŚĂ^ĂƵŬŬŽŶĞŶ͕DĂƵŶŽ,ĂƌũƵĂŶĚWŝĂ<ƌĞƵƐ
:D<hŶŝǀĞƌƐŝƚǇŽĨƉƉůŝĞĚ^ĐŝĞŶĐĞƐ͕:ǇǀćƐŬǇůć͕&ŝŶůĂŶĚ
ũƵŚĂ͘ƐĂƵŬŬŽŶĞŶΛũĂŵŬ͘Ĩŝ
ŵĂƵŶŽ͘ŚĂƌũƵΛũĂŵŬ͘Ĩŝ
ƉŝĂ͘ŬƌĞƵƐΛũĂŵŬ͘Ĩŝ
ďƐƚƌĂĐƚ͗'ƌŽǁƚŚͲĂƐƉŝƌŝŶŐĐŽŵƉĂŶŝĞƐǁŝƚŚĂƚĞĐŚŶŽůŽŐŝĐĂůĞĚŐĞŽƉĞƌĂƚĞŝŶĂŶĞŶǀŝƌŽŶŵĞŶƚŽĨĞǀĞƌͲŝŶĐƌĞĂƐŝŶŐĐůŽĐŬƐƉĞĞĚ͘
dŚĞůŝĨĞĐǇĐůĞƐŽĨƐŽůƵƚŝŽŶƐŚĂǀĞƐŚŽƌƚĞŶĞĚ͘sŝƌƚƵĂůŝƐĂƚŝŽŶĂŶĚĚŝŐŝƚĂůŝƐĂƚŝŽŶĨƵƌƚŚĞƌŝŶĐƌĞĂƐĞƚŚĞƉĂĐĞŽĨƉƌŽĚƵĐƚĂŶĚƐĞƌǀŝĐĞ
ĚĞǀĞůŽƉŵĞŶƚ͘dŚŝƐƚƌĞŶĚƌĞƋƵŝƌĞƐĂŐŝůĞĚĞǀĞůŽƉŵĞŶƚ͘ŽŵƉĂŶŝĞƐŚĂǀĞƚŽŵĂŶĂŐĞƚŚĞƐƉĞĞĚƌĞƋƵŝƌĞŵĞŶƚƐĂŶĚŝŶĐƌĞĂƐĞĚ
ƵŶĐĞƌƚĂŝŶƚǇ͘ EĞǁ ĐŽŶĐĞƉƚƐ ůŝŬĞ ĐƵƐƚŽŵĞƌ ĚĞǀĞůŽƉŵĞŶƚ ;ůĂŶŬ͕ ϮϬϬϴͿ͕ ůĞĂŶ ƐƚĂƌƚͲƵƉ ;ZŝĞƐ͕ ϮϬϭϭͿ ĂŶĚ ŵŝŶŝŵƵŵ ǀŝĂďůĞ
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ŬŶŽǁůĞĚŐĞ͕ ŝŶ ǁŚŝĐŚ Ă ĐŽŵƉĂŶǇ ŶĞĞĚƐ ƚŽ ƌŝŐŽƌŽƵƐůǇ ŬĞĞƉ ƚƌĂĐŬ ŽĨ ŬŶŽǁůĞĚŐĞ ĐƌĞĂƚŝŽŶ͕ ƉƌŽƚĞĐƚŝŽŶ͕ ĚĞǀĞůŽƉŵĞŶƚ ĂŶĚ
ĚŝƐƐĞŵŝŶĂƚŝŽŶ͘ dŽ ĂĐŚŝĞǀĞ ƚŚĞ ĨƌĞĞĚŽŵ ƚŽ ŽƉĞƌĂƚĞ͕ Ă Ĩŝƌŵ ŶĞĞĚƐ ŬŶŽǁůĞĚŐĞ ĂƌƚĞĨĂĐƚƐ ƐƵĐŚ ĂƐ ƉĂƚĞŶƚƐ͕ ĚĞƐŝŐŶ ƌŝŐŚƚƐ ĂŶĚ
ĐŽƉǇƌŝŐŚƚƐ͘dŚĞĚŝƐƚŝŶĐƚŝǀĞŬŶŽǁůĞĚŐĞƉƌŽƚĞĐƚĞĚďǇ/WZƐŝƐĂĨƵŶĚĂŵĞŶƚĂůĞůĞŵĞŶƚŝŶƚŚĞĨŽƵŶĚĂƚŝŽŶŽĨĂŶĞǁĐŽŵƉĂŶǇĂŶĚ
ŝƚƐƌĞƐŽƵƌĐŝŶŐ͘,ŽǁĞǀĞƌ͕/WZƉƌŽĐĞƐƐĞƐƚĞŶĚƚŽďĞŚĞĂǀǇ͕ƚŚĞǇƌĞƋƵŝƌĞĂůŽƚŽĨƚŝŵĞĂŶĚƌĞƐŽƵƌĐĞƐĐŽŵƉĂƌĞĚƚŽƚŚĞƉůĞƚŚŽƌĂ
ŽĨƐŽůƵƚŝŽŶƐŽŶǁŚŝĐŚĐŽŵƉĂŶŝĞƐǁŽƌŬ͘dŚĞǇĂƌĞĂůƐŽ͚ŚĞĂǀǇ͛ǁŝƚŚƌĞƐƉĞĐƚƚŽƚŚĞƐƉĞĞĚǁŚŝĐŚŝƐƌĞƋƵŝƌĞĚĨƌŽŵŝŶŶŽǀĂƚŝŽŶ
ƉƌŽĐĞƐƐ͘EĞǁŬŶŽǁůĞĚŐĞŝƐŽĨƚĞŶďŽƌŶŝŶĂŵƵůƚŝͲƉĂƌƚǇĂŶĚůŽŽƐĞŶĞƚǁŽƌŬƌĞůĂƚŝŽŶƐŚŝƉ͕ǁŚĞƌĞƚŚĞŽǁŶĞƌƐŚŝƉŽĨŬŶŽǁůĞĚŐĞ
ŝƐ ƉŽƚĞŶƚŝĂůůǇ ƵŶĐůĞĂƌ͘ dŚŝƐ ĐŽŶĐĞƉƚƵĂů ƉĂƉĞƌ ĚƌĂǁƐ ƚŽŐĞƚŚĞƌ ƉƌŝŽƌ ƌĞƐĞĂƌĐŚ ŽŶ ƚŚĞ ĨŽƌĐĞƐ ĂĨĨĞĐƚŝŶŐ /W ĂƉƉƌŽĂĐŚĞƐ ĂŶĚ
ƉƌŽĐĞƐƐĞƐŝŶƚŚĞŶĞǁŽƉĞƌĂƚŝŶŐĞŶǀŝƌŽŶŵĞŶƚ͘tĞĂůƐŽĚŝƐĐƵƐƐƚŚĞĞǆŝƐƚŝŶŐŝŵƉůŝĐĂƚŝŽŶƐĂŶĚƉŽƚĞŶƚŝĂůĐŽŶƚŝŶƵƵŵŽĨƌĞĐĞŶƚ
ĚĞǀĞůŽƉŵĞŶƚ͘dŚĞĐĂƐĞƐŚŝŐŚůŝŐŚƚƚŚĞƚŚĞŽƌĞƚŝĐĂůĨŝŶĚŝŶŐƐŽĨŶĞǁŬŶŽǁůĞĚŐĞĚǇŶĂŵŝĐƐĨŽƌĨŝƌŵƐ͘&ŽĐƵƐŝŶŐŽŶƉƌŽĐĞƐƐƌĂƚŚĞƌ
ƚŚĂŶƉƌŽĚƵĐƚŬŶŽǁůĞĚŐĞʹĐůŽƐĞƚŽƚŚĞ͞ĚŽƌŵĂŶƚ͟ĐŽŶĐĞƉƚŽĨŬŶŽǁŚŽǁʹƐĞĞŵƐĂŐĂŝŶƚŽďĞŽĨǀĂůƵĞ͘
<ĞǇǁŽƌĚƐ͗/WZƐ͕ƉƌŽƚĞĐƚŝŽŶ͕ĐŽŵƉĞƚŝƚŝǀĞĂĚǀĂŶƚĂŐĞ͕ŐƌŽǁƚŚ͕ŝŶŶŽǀĂƚŝŽŶ
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ĐŽŶƚƌĂĚŝĐƚŽƌǇ ƚŽ ĞĂĐŚ ŽƚŚĞƌ͘ ĞŵĂŶĚƐ ŽĨ ƐŚŽƌƚĞƌ ƚŝŵĞͲƚŽͲŵĂƌŬĞƚ ĂƐ ǁĞůů ĂƐ ĂŐŝůĞ ĂŶĚ ĐŽůůĂďŽƌĂƚŝǀĞ
ĚĞǀĞůŽƉŵĞŶƚŶĞĞĚƚŽďĞĨŝƚƚĞĚǁŝƚŚ ƚŚĞĐƌĞĂƚŝŽŶĂŶĚƉƌŽƚĞĐƚŝŽŶŽĨƵŶŝƋƵĞŬŶŽǁůĞĚŐĞƚŚĂƚĂĐƚƐĂƐĂďĂƐŝƐŽĨ
ĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶĂŶĚĨƵƌƚŚĞƌƐƚŚĞŵĂǆŝŵŝƐĂƚŝŽŶŽĨƚŚĞĐŽŵƉĞƚŝƚŝǀĞĂĚǀĂŶƚĂŐĞŐĂƉ;DŽŽƌĞĞƚĂů͕ϮϬϬϬͿ͘
^ŝŵƵůƚĂŶĞŽƵƐůǇ͕ Ă Ĩŝƌŵ ŵƵƐƚ ƐĞĞŬ ǁĂǇƐ ƚŽ ĞǆƚĞŶĚ ƚŚĞ ĐŽŵƉĞƚŝƚŝǀĞ ĂĚǀĂŶƚĂŐĞ ƉĞƌŝŽĚ͕ ŝ͘Ğ͘ ƚŚĞ ƚŝŵĞ ŝƚ ĐĂŶ
ƉƌĞƐĞƌǀĞ ƚŚŝƐ ƵŶŝƋƵĞŶĞƐƐ͘ dŚĞ ǁĂǇƐ ŽĨ ĂĐŚŝĞǀŝŶŐ ƚŚĞ ůĂƚƚĞƌ ƚĂƌŐĞƚ ŝŶĐůƵĚĞ Ğ͘Ő͘ ƚŚĞ ĐƌĞĂƚŝŽŶ ŽĨ ƐǇƐƚĞŵŝĐ
ƉƌŽĚƵĐƚƐ͕ĐƵƐƚŽŵĞƌͲůŽĐŬͲŝŶƐďƵŝůƚŝŶƚŽĂďƵƐŝŶĞƐƐŵŽĚĞůĂŶĚĞƐƚĂďůŝƐŚŝŶŐŝŶƚĞůůĞĐƚƵĂůƉƌŽƉĞƌƚǇƌŝŐŚƚƐ;ŝďŝĚ͘Ϳ͘
dŚŝƐƉĂƉĞƌƐƵŵŵĂƌŝƐĞƐƚŚĞƌĞĐĞŶƚƌĞƐĞĂƌĐŚŽŶƚŚĞŶĞǁĞŶǀŝƌŽŶŵĞŶƚĨŽƌŝŶŶŽǀĂƚŝŽŶƉƌĂĐƚŝĐĞƐĂŶĚƌĞƐƵůƚŝŶŐ/W
ĂĐƚŝŽŶƐ͘ tĞ Ăŝŵ ƚŽ ĐŽŶƚƌŝďƵƚĞ ƚŽ ƚŚĞ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŽĨ ŬŶŽǁůĞĚŐĞ ĚǇŶĂŵŝĐƐ ĞƐƉĞĐŝĂůůǇ ŝŶ ƚŚĞ ĐŽŶƚĞǆƚ ŽĨ
ŐƌŽǁƚŚͲĂƐƉŝƌŝŶŐ ŬŶŽǁůĞĚŐĞ ĂŶĚ ƚĞĐŚŶŽůŽŐǇͲďĂƐĞĚ ĐŽŵƉĂŶŝĞƐ͘ dŚƌŽƵŐŚ ĐĂƐĞƐ͕ ǁĞ ĂůƐŽ Ăŝŵ Ăƚ ŽĨĨĞƌŝŶŐ ƚŚĞ
ƉƌĂĐƚŝƚŝŽŶĞƌƐ ǁŝƚŚŝŶ ŝŶŶŽǀĂƚŝǀĞ ĐŽŵƉĂŶŝĞƐ ĂŶ ŝŶĚŝĐĂƚŝŽŶ ŽĨ ĚĞǀĞůŽƉŵĞŶƚ ŝƐƐƵĞƐ ƚŚĂƚ ǁŽƵůĚ ĂůůŽǁ ƚŚĞŵ ƚŽ
ďĞƚƚĞƌĐŽƉĞǁŝƚŚƚŚĞŶĞǁůĂŶĚƐĐĂƉĞŽĨŝŶŶŽǀĂƚŝŽŶĂŶĚ/W͘
ŚĂƉƚĞƌϮƌĞǀŝĞǁƐƚŚĞƉƌŝŽƌƌĞƐĞĂƌĐŚŝŶƚŚĞƐƵďũĞĐƚ͕ŚŝŐŚůŝŐŚƚŝŶŐƚŚĞƚǁŽŵĂũŽƌ ĨŽƌĐĞƐĂĨĨĞĐƚŝŶŐŝŶŶŽǀĂƚŝŽŶŝŶ
ŽƵƌ ĞƌĂ͗ /ŶĐƌĞĂƐĞĚ ƐƉĞĞĚ ĂŶĚ ƵŶĐĞƌƚĂŝŶƚǇ͘ tĞ ĂůƐŽ ĚŝƐĐƵƐƐ ƚŚĞ ĂŶƐǁĞƌ ƚŽ ƚŚŽƐĞ ĐĂůůƐ͖ ƚŚĞ ƐŚŝĨƚ ƚŽǁĂƌĚƐ
ĐŽůůĂďŽƌĂƚŝŽŶ͕ƉƌŽĐĞƐƐ ǀŝĞǁĂŶĚĐŽŶƚƌĂĐƚƵĂůĂƉƉƌŽĂĐŚŽŶŝŶŶŽǀĂƚŝŽŶ͘ ŚĂƉƚĞƌϯƉƌĞƐĞŶƚƐďƵƐŝŶĞƐƐĐĂƐĞƐ ƚŚĂƚ
ƚŚĞ ĂƵƚŚŽƌƐ ŚĂǀĞ ďĞĞŶ ŝŶǀŽůǀĞĚ ŝŶ Žƌ ĨŽůůŽǁĞĚ ĨƌŽŵ Ă ĐůŽƐĞ ĚŝƐƚĂŶĐĞ͘ ŚĂƉƚĞƌ ϰ ƐƵŵŵĂƌŝƐĞƐ ƚŚĞ ƉĂƉĞƌ͛Ɛ
ĐŽŶƚƌŝďƵƚŝŽŶƐĂŶĚƉƌŽƉŽƐĞƐĚŝƌĞĐƚŝŽŶĨŽƌĨƵƌƚŚĞƌƌĞƐĞĂƌĐŚ͘
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^ĐŚƵŵƉĞƚĞƌ͛ƐƌĞĐŽŐŶŝƐĞƚŚĞǁĂǀĞƐŽĨĐŚĂŶŐĞƚŚĂƚƐŚĂŬĞĐŽŵƉĂŶŝĞƐĂŶĚŝŶĚƵƐƚƌŝĞƐ͘dŚĞŝĚĞĂŽĨƚŚĞŝŶĐƌĞĂƐĞĚ
ĐůŽĐŬƐƉĞĞĚƐƚĂƚĞƐƚŚĂƚƚŚĞƐĞǁĂǀĞƐŚĂƉƉĞŶǁŝƚŚŝŶĐƌĞĂƐĞĚĚĞŶƐŝƚǇĂŶĚƵŶƉƌĞĚŝĐƚĂďŝůŝƚǇ;&ŝŶĞ͕ŝďŝĚ͘Ϳ͘KŶĞĞĨĨĞĐƚ
ĐŽŶĐĞƌŶƐ ƚŚĞ ůŝĨĞ ĐǇĐůĞƐ ŽĨ ŝŶĚŝǀŝĚƵĂů ƚĞĐŚŶŽůŽŐŝĞƐ ĂŶĚ ŝŶŶŽǀĂƚŝǀĞ ƉƌŽĚƵĐƚƐ͘ &ƌŽŵ ƚŚĞ ƵƉƐƚƌĞĂŵ ŽĨ ƚŚĞ ǀĂůƵĞ
ĐŚĂŝŶ͕ ƌĞƐĞĂƌĐŚ Θ ĚĞǀĞůŽƉŵĞŶƚ ĂŶĚ ƉƌŽĚƵĐƚŝƐĂƚŝŽŶ͕ ƚŚĞ ƉƌŽĚƵĐĞĚ ŐŽŽĚƐ ŶŽǁĂĚĂǇƐ ĂƌĞ ƵŶŝƋƵĞ Žƌ ĐƵƐƚŽŵͲ
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ƚŚĞƐĞ ĂƌĞďĂůĂŶĐĞĚǁŝƚŚƐŚŽƌƚĞƌ ůŝĨĞƐƉĂŶƐŽĨƚŚĞ ŝŶĚŝǀŝĚƵĂů ƉƌŽĚƵĐƚƐ͕ƚŚƵƐ ƐƋƵĞĞǌŝŶŐƚŚĞǁŝŶĚŽǁŽĨƌĞǀĞŶƵĞ
ĐƌĞĂƚŝŽŶ͘/ŶŶŽǀĂƚŝǀĞƉƌŽĚƵĐƚƐĂƌĞƉƌŽŶĞƚŽƚĞĐŚŶŽůŽŐŝĐĂůĂŶĚͬŽƌĨƵŶĐƚŝŽŶĂůŽďƐŽůĞƐĐĞŶĐĞ͘ƉƌŽĚƵĐƚďĞĐŽŵĞƐ
ŽƵƚ ŽĨĚĂƚĞďĞĐĂƵƐĞĐŽŶƐƵŵĞƌƐƚƵƌŶƚŚĞŝƌŝŶƚĞƌĞƐƚ ƚŽǁĂƌĚƐƉƌŽĚƵĐƚƐǁŝƚŚŝŵƉƌŽǀĞĚƉĞƌĨŽƌŵĂŶĐĞ ĂŶĚďĞƚƚĞƌ
ƚĞĐŚŶŽůŽŐǇ;ZĂŝĂŶĚdĞƌƉĞŶŶǇ͕ϮϬϬϴ͖ZŝǀĞƌĂĂŶĚ>ĂůůŵĂŚŽŵĞĚ͕ϮϬϭϲͿ͘dŚĞƵŶĐĞƌƚĂŝŶƚŝĞƐĂŶĚǀŽůĂƚŝůŝƚŝĞƐĂƌĞŶŽƚ
ŽŶůǇƌĞůĂƚĞĚƚŽƚŚĞƚĞĐŚŶŽůŽŐǇĂŶĚƚŚĞƉƌŽĚƵĐƚƐďĂƐĞĚŽŶŝƚ͕ďƵƚĂůƐŽƚŽƚŚĞŵĂƌŬĞƚƐŝǌĞĂŶĚďĞŚĂǀŝŽƵƌ͘ůƐŽ
ƚŚĞŝŶƚĞŶƐŝƚǇĂŶĚƚĂĐƚŝĐƐŽĨƚŚĞĐŽŵƉĞƚŝƚŝŽŶŝƐǀŽůĂƚŝůĞ͘;DŽŚƌĞƚĂů͕ϮϬϭϬͿ͘

/ŶĚĞĂůŝŶŐǁŝƚŚƚŚĞŶĞǁĚĞŵĂŶĚƐĨŽƌŝŶŶŽǀĂƚŝŽŶƉƌŽĐĞƐƐĞƐ͕ƚŚĞƌŝƐĞŽĨŶĞǁƚĞĐŚŶŽůŽŐŝĞƐ͕ďƵƐŝŶĞƐƐƉƌŽĐĞƐƐĞƐ
ĂŶĚŐůŽďĂůƐƵƉƉůǇĐŚĂŝŶƐŚĂƐďĞĞŶŽŶĞĂŶƐǁĞƌ;'ĞƌĞĨĨŝ͕ϮϬϭϭͿ͘dŚŝƐ͕ŚŽǁĞǀĞƌ͕ŚĂƐďĞĞŶĂĚŽƵďůĞͲĞĚŐĞĚƐǁŽƌĚ͕
ƐŝŶĐĞ͕ĂƐ^ĂŶĚďŽƌŶƌĞŵĂƌŬƐ͕ƚĞĐŚŶŽůŽŐǇͲĐĞŶƚƌŝĐƉƌŽĚƵĐƚƐĐŽŶƚĂŝŶƉŚǇƐŝĐĂůƉĂƌƚƐ͕ƐŽĨƚǁĂƌĞĂŶĚŵĂƚĞƌŝĂůƐǁŚŽƐĞ
ƉƌŽĐƵƌĞŵĞŶƚůŝǀĞƐĞŶĚďĞĨŽƌĞƚŚĞƉƌŽĚƵĐƚƚŚĞǇĂƌĞŝŶƌĞĂĐŚĞƐƚŚĞĞŶĚŽĨŝƚƐůŝĨĞĐǇĐůĞ;^ĂŶĚďŽƌŶ͕ϮϬϭϳͿ͘^ŽůǀŝŶŐ
ƚŚĞ ƉƵǌǌůĞ ŽĨ ŽŶĞǲƐ ƌŝƐŬ ďǇ ĂĚĚĞĚ ƚĞĐŚŶŽůŽŐŝĞƐ ŽŶůǇ ĂĚĚƐ ƚŽ ƚŚĞ ĐŽŵƉůĞǆŝƚǇ͕ ǇĞƚ ƉƌŽǀŝĚĞƐ ŶŽ ƌĞĂů ƐŽůƵƚŝŽŶƐ͘͘
dĞĐŚŶŽůŽŐŝĞƐ ĚŽ ĂĚĚ ĨƵŶĐƚŝŽŶĂůŝƚǇ ĂŶĚ ǀĂůƵĞ͕ ǇĞƚ ĨĂƐƚͲŵŽǀŝŶŐ ƚĞĐŚŶŽůŽŐŝĞƐ ŵĂŬĞ ƉƌŽĚƵĐƚƐ ŽďƐŽůĞƚĞ ŵŽƌĞ
ƋƵŝĐŬůǇ ;ZĂŝ ĂŶĚ dĞƌƉĞŶŶǇ͕ ϮϬϬϴͿ͘ dŚĞ ĐƵƌƌĞŶƚ ďƵƐŝŶĞƐƐ ĞŶǀŝƌŽŶŵĞŶƚ ƌĞƋƵŝƌĞƐ Ă ƌĞĚƵĐĞĚ ƚŽƚĂů ĐŽƐƚ ŽĨ
ĚĞǀĞůŽƉŵĞŶƚ ĂŶĚ ƐŚŽƌƚĞƌ ƚŝŵĞͲƚŽͲŵĂƌŬĞƚ ƚŽ ĐŽƉĞ ǁŝƚŚ ƚŚĞ ƵŶĐĞƌƚĂŝŶƚŝĞƐ ƚŚĂƚ ĂƌĞ ďƵŝůƚ ŝŶ ƚŽ ƚŚĞ ŵĂƌŬĞƚ
ĚǇŶĂŵŝĐƐ͘

dŽŬĞĞƉƚŚĞŝƌĐŽŵƉĞƚŝƚŝǀĞĞĚŐĞ͕ƚĞĐŚŶŽůŽŐǇĨŝƌŵƐĂŶĚŬŶŽǁůĞĚŐĞͲŝŶƚĞŶƐŝǀĞďƵƐŝŶĞƐƐĞƐŶĞĞĚŶŽƚŽŶůǇƚŽĚĞůŝǀĞƌ
ƌĂĚŝĐĂůůǇŶĞǁ ƉƌŽĚƵĐƚƐ ďƵƚ ĂůƐŽĚĞůŝǀĞƌƚŚĞŵďǇƌĂĚŝĐĂůůǇ ĚŝĨĨĞƌĞŶƚ ƉƌŽĐĞƐƐĞƐ͘ĐĐŽƌĚŝŶŐƚŽĂŶƵ 'ŽŬƚĂŶ ĂŶĚ
DŝůĞƐ;ϮϬϭϭͿ͕͞ƌĂĚŝĐĂůƉƌŽĚƵĐƚŝŶŶŽǀĂƚŝŽŶĚĞǀĞůŽƉŵĞŶƚǁĂƐŶŽƚŶĞŐĂƚŝǀĞůǇƌĞůĂƚĞĚƚŽŝŶŶŽǀĂƚŝŽŶƐƉĞĞĚ͘ZĞƐƵůƚƐ
ƌĞǀĞĂůĞĚĂ ƐŝŐŶŝĨŝĐĂŶƚƌĞůĂƚŝŽŶƐŚŝƉďĞƚǁĞĞŶƌĂĚŝĐĂůƉƌŽĚƵĐƚŝŶŶŽǀĂƚŝŽŶĂŶĚŝŶŶŽǀĂƚŝŽŶƐƉĞĞĚ͟;Ɖ͘ϱϯϯͿ͘ dŚĞǇ
ĐůĂŝŵ ƚŚĂƚ ŝŵƉƌŽǀĞĚ ƉƌŽĐĞƐƐĞƐ ŵĂǇ ďĞ ƚŚĞ ŬĞǇ ĐŽŶƐƚŝƚƵĞŶƚ ƚŽ ĚǇŶĂŵŝĐ ĐĂƉĂďŝůŝƚŝĞƐ͕ ĞŶĂďůŝŶŐ ƚŚĞ ĐƌĞĂƚŝŽŶ ŽĨ
ƌĂĚŝĐĂůŝŶŶŽǀĂƚŝŽŶƐŝŶĂƚŝŵĞůǇŵĂŶŶĞƌ͘&ŝƌŵƐŚĂǀĞƉƵƚŝŶĐƌĞĂƐĞĚĞŵƉŚĂƐŝƐŝŶƚŽŝŵƉƌŽǀŝŶŐĚĞǀĞůŽƉŵĞŶƚĐǇĐůĞ
ƚŝŵĞƐ ;ŬƌŽǇĚ Ğƚ Ăů͕͘ ϮϬϬϵͿ ŝŶ ŽƌĚĞƌ ƚŽ ĚĞůŝǀĞƌ ƉƌŽĚƵĐƚƐ ƚŽ ƚŚĞ ŵĂƌŬĞƚ ƋƵŝĐŬůǇ ĂŶĚ ďĞ ĞĂƌůǇ ŵŽǀĞƌƐ ŝŶ ƚŚĞŝƌ
ŝŶĚƵƐƚƌŝĞƐĂŶĚŵĂƌŬĞƚ;ŬƌŽǇĚĞƚĂů͕͘ŝďŝĚ͖͘<ĂƌůƐƐŽŶĂŶĚŚůƐƚƌŽŵ͕ϭϵϵϵͿ͘,ĂŝƌŵĂŶĂŶĚůĂƌǇƐƐĞ;ϮϬϬϳͿƐƵŐŐĞƐƚ
ƚŚĂƚƚŝŵĞͲĐŽŶƐƵŵŝŶŐƉƌŽĚƵĐƚ ĚĞǀĞůŽƉŵĞŶƚ ŝƐĂůƐŽŵŽŶĞǇͲĐŽŶƐƵŵŝŶŐ ;ŝŶ ĂĐĐƵŵƵůĂƚĞĚĚĞǀĞůŽƉŵĞŶƚĐŽƐƚͿĨŽƌ
ŽƌŐĂŶŝƐĂƚŝŽŶƐ͘EĂƚƵƌĂůůǇ͕ĂŶĞǆƚƌĞŵĞĐŽƐƚĂƐƐŽĐŝĂƚĞĚǁŝƚŚŶŽƚŚŝƚƚŝŶŐƚŚĞƚŝŵĞůǇǁŝŶĚŽǁŽĨŵĂƌŬĞƚŽƉƉŽƌƚƵŶŝƚǇ
ŝƐůŽƐŝŶŐƐĂŝĚŵĂƌŬĞƚ͘ĨŽŶƐŽĞƚĂů͘;ϮϬϬϴͿǁĂƌŶŽĨƚŚĞĨůŝƉƐŝĚĞŽĨƚŚĞƐƉĞĞĚĐŽŝŶ͗tŚĞŶƚŝŵĞͲƚŽͲŵĂƌŬĞƚŝƐƐĞĞŶ
ĂƐƚŚĞŬĞǇƚŽƉƌŽĨŝƚĂďŝůŝƚǇ͕ĚĞǀĞůŽƉŵĞŶƚ ŵĂŶĂŐĞƌƐŚĂǀĞ ŶŽƚŝŵĞŶŽƌĂƚƚĞŶƚŝŽŶ ƐƉĂŶƚŽ ĐŽŶƐŝĚĞƌĂůƚĞƌŶĂƚŝǀĞƐ͘
/ŶƐƚĞĂĚŽĨĨŝŶĚŝŶŐƚŚĞďĞƐƚƐŽůƵƚŝŽŶ͕ƚŚĞĂŝŵŝƐƚŽĨŝŶĚĂƚůĞĂƐƚŽŶĞƐŽůƵƚŝŽŶ͘
Ϯ͘Ϯ dŚĞŶĞǁĐŽŶƚĞǆƚŽĨĐŽŽƉĞƌĂƚŝŽŶ
/ŶŶŽǀĂƚŝŽŶ ŝŶ ŽƵƌ ĞƌĂ ŝƐ Ă ĐƵŵƵůĂƚŝǀĞ ĂŶĚ ĂĚĚŝƚŝǀĞ ƉŚĞŶŽŵĞŶŽŶ͘ ĐĐƵŵƵůĂƚŝŽŶ ŽĨ ŬŶŽǁůĞĚŐĞ ŝƐ Ă ĚŽŵŝŶĂŶƚ
ĨĞĂƚƵƌĞ ŽĨ ŵŽĚĞƌŶ ŝŶŶŽǀĂƚŝŽŶ ;^ĐŚĂŶŬĞƌŵĂŶ͕ ϮϬϭϲͿ͘ ZĞǀŽůƵƚŝŽŶĂƌǇ ĨŝŶĚŝŶŐƐ ƌĞƋƵŝƌĞ ƐǇƐƚĞŵͲůĞǀĞů ĂĐƚŝǀŝƚŝĞƐ
ǁŚĞƌĞ ŬŶŽǁůĞĚŐĞ ŝƐ ďƵŝůƚ ŽŶ ŬŶŽǁůĞĚŐĞ ;DĐ<ĞŶŶĂ Ğƚ Ăů͕͘ ϮϬϭϴͿ͘ dŚĞ ŶŽǀĞů ƐƚĞƉƐ ŝŶ ƚĞĐŚŶŽůŽŐǇ ŐĞŶĞƌĂƚĞ
ŬŶŽǁůĞĚŐĞƐƉŝůůŽǀĞƌƐƚŚĂƚĞŶĂďůĞĨƵƌƚŚĞƌĂĚǀĂŶĐĞƐ͘dŚŝƐŵĂǇůĞĂĚƚŽŬŶŽǁůĞĚŐĞƐƚƌĂƚĞŐŝĞƐǁŚĞƌĞƚŚĞĨŝƌŵƐƚƵƌŶ
ƚŚĞŝƌ ĨŽĐƵƐ ƚŽǁĂƌĚƐ ŝŶŶŽǀĂƚŝŽŶ ĂŶĚ /WƐ ŚĞůĚ ďǇ ŽƚŚĞƌƐ ƚŽ ĂǀŽŝĚ ƚŚĞ ƌŝƐŬƐ ŽĨ ŽďƐŽůĞƚĞ ĚĞǀĞůŽƉŵĞŶƚ ĞĨĨŽƌƚƐ ŽĨ
ƚŚĞŝƌ ŽǁŶ͘ dŚŝƐ ĚŝůĞŵŵĂ ŽĨ ǁŚĞƚŚĞƌ Ă ĐŽŵƉĂŶǇ ƐŚŽƵůĚ ͚ĨŽĐƵƐ͕͛ ŝ͘Ğ͘ ŝŶǀĞƐƚ ƚŚĞŝƌ ĞĨĨŽƌƚ ĂŶĚ ƌĞƐŽƵƌĐĞƐ ŽŶ ƚŚĞ
ƵƚŝůŝƐĂƚŝŽŶ ŽĨ ŬŶŽǁůĞĚŐĞ ǀƐ͘ ĐƌĞĂƚŝŽŶ ĂŶĚ ĞǆƉůŽƌĂƚŝŽŶ ŽĨ ŶĞǁ ŬŶŽǁůĞĚŐĞ͕ ŝƐ ŝŶĞǀŝƚĂďůĞ͘ tŽƌŬŝŶŐ ŝŶ ďŽƚŚ
ĞǆƚƌĞŵĞƐŝƐůŝŬĞůǇƚŽůĞĂĚĞŝƚŚĞƌƚŽĞǆĂŐŐĞƌĂƚĞĚĐŽƐƚǀƐ͘ĨƵƚƵƌĞǀĂůƵĞ;ŝŶĐĂƐĞŽĨĞǆƉůŽƌĂƚŝŽŶͲĨŽĐƵƐͿŽƌƚŽůŽƐƐŽĨ
ĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶĂŶĚƚŚƵƐĨƵƚƵƌĞŽƉƉŽƌƚƵŶŝƚŝĞƐĨŽƌǀĂůƵĞĐƌĞĂƚŝŽŶ;ŝŶĐĂƐĞŽĨƵƚŝůŝƐĂƚŝŽŶͲĨŽĐƵƐͿ͘dŚĞƐǁĞĞƚƐƉŽƚŝƐ
ƐŽŵĞǁŚĞƌĞĂůŽŶŐƚŚĞĐŽŶƚŝŶƵƵŵǁŚĞƌĞƚŚĞƚǁŽĂƉƉƌŽĂĐŚĞƐŵĞƌŐĞ;^ŝŵŽŶĞ͕ϮϬϭϭͿ͘

dŽĞǆƉůŽŝƚƚŚĞĐƵŵƵůĂƚŝǀĞŶĂƚƵƌĞŽĨƚĞĐŚŶŽůŽŐŝĐĂůĚĞǀĞůŽƉŵĞŶƚ͕ĐŽŵƉĂŶŝĞƐŶĞĞĚƚŽĐŽůůĂďŽƌĂƚĞĂŶĚŝŶƚĞŐƌĂƚĞ
ƚŚĞŝƌ ĚĞǀĞůŽƉŵĞŶƚ ƚĂƌŐĞƚƐ ĂŶĚ ƉƌŽĐĞƐƐĞƐ͘ dŚĞ ŵŽĚĞ ŽĨ ĐŽůůĂďŽƌĂƚŝŽŶ ĐĂůůĞĚ ƐƵƉƉůŝĞƌ ŝŶƚĞŐƌĂƚŝŽŶ ƌĞĨĞƌƐ ƚŽ
ƉƌŽĐĞƐƐĞƐ ǁŚĞƌĞ ƐƵƉƉůŝĞƌƐ ĂƌĞ ŝŶǀŽůǀĞĚ ŝŶ ŽƌŐĂŶŝƐĂƚŝŽŶƐ͛ ŝŶŶŽǀĂƚŝŽŶ ƉƌŽĐĞƐƐĞƐ ĂŶĚ ƚŚĞ ĞǆĞĐƵƚŝŽŶ ŽĨ ŚŽůŝƐƚŝĐ
ŝŶŶŽǀĂƚŝŽŶ ƚĂƐŬƐ͘ ZĞƐĞĂƌĐŚ ŚĂƐ ƌĞĚĞĨŝŶĞĚ ƐƵƉƉůŝĞƌ ŝŶƚĞŐƌĂƚŝŽŶ ŝŶƚŽ ƚǁŽ ĚŝŵĞŶƐŝŽŶƐ͗ ϭͿ ƉƌŽĚƵĐƚ ŝŶƚĞŐƌĂƚŝŽŶ͕
ǁŚĞƌĞƐƵƉƉůŝĞƌƐĐĂƌƌǇŽƵƚƉƌŽĚƵĐƚĞŶŐŝŶĞĞƌŝŶŐĂŶĚĚĞƐŝŐŶĂĐƚŝǀŝƚŝĞƐŽŶďĞŚĂůĨŽĨƚŚĞĐƵƐƚŽŵĞƌ;<ŽƵĨƚĞƌŽƐĞƚĂů͕͘
ϮϬϬϱͿĂŶĚϮͿƉƌŽĐĞƐƐŝŶƚĞŐƌĂƚŝŽŶ͕ǁŚĞƌĞƚŚĞƐƵƉƉůŝĞƌŝƐĞŶŐĂŐĞĚŝŶƚŚĞĚĞǀĞůŽƉŵĞŶƚŽĨƉƌŽĐĞƐƐĞƐƚŚĂƚĐĂŶďĞ
ĞĨĨĞĐƚŝǀĞůǇŝŶƚĞŐƌĂƚĞĚǁŝƚŚƚŚĞĚĞƐŝŐŶ;<ŽƵĨƚĞƌŽƐĞƚĂů͕͘ϮϬϬϳͿ͘>ŽŐŝĐĂůůǇ͕ŬŶŽǁůĞĚŐĞŵĂŶĂŐĞŵĞŶƚƌĞƐĞĂƌĐŚŚĂƐ
ŝĚĞŶƚŝĨŝĞĚ ƌĞůĂƚŝŽŶƐŚŝƉ ĐĂƉŝƚĂů ĂƐ Ă ŬŶŽǁůĞĚŐĞ ĂƐƐĞƚ ĨŽƌ ĨŝƌŵƐ ;ĚǀŝŶƐƐŽŶ ĂŶĚ DĂůŽŶĞ͕ ϭϵϵϳ͖ EĂŚĂƉŝĞƚ ĂŶĚ
'ŚŽƐŚĂů͕ϭϵϵϴͿ͘dŚĞŽƚŚĞƌĞůĞŵĞŶƚƐŽĨĂǁŝĚĞǀŝĞǁŽŶ/ŶƚĞůůĞĐƚƵĂůĂƉŝƚĂů;/ͿĂƌĞŚƵŵĂŶĐĂƉŝƚĂůĂŶĚƐƚƌƵĐƚƵƌĂů
ĐĂƉŝƚĂů ;<ŝĂŶƚŽ Ğƚ Ăů͕͘ ϮϬϭϰͿ͘ KƚŚĞƌ ƐƵďƐĞŐŵĞŶƚƐ ŽĨ / ĂƌĞ ƌĞŶĞǁĂů ĐĂƉŝƚĂů ŝŶ ƚĞƌŵƐ ŽĨ ŝŶŶŽǀĂƚŝǀĞ ƐŽůƵƚŝŽŶƐ͕
ƉƌŽĚƵĐƚƐĂŶĚƐĞƌǀŝĐĞƐĂǀĂŝůĂďůĞ;Ğ͘Ő͘<ŝĂŶƚŽ͕ϮϬϬϴͿ͕ƚƌƵƐƚĐĂƉŝƚĂůŝŶƚĞƌŵƐŽĨƚŚĞƚƌƵƐƚĞŵďĞĚĚĞĚŝŶŝƚƐŝŶƚĞƌŶĂů
ĂŶĚ ĞǆƚĞƌŶĂů ƌĞůĂƚŝŽŶƐŚŝƉƐ ;Ğ͘Ő͘ DĂǇĞƌ Ğƚ Ăů͕͘ ϭϵϵϱͿ ĂŶĚ ĞŶƚƌĞƉƌĞŶĞƵƌŝĂů ĐĂƉŝƚĂů ŝŶ ƚĞƌŵƐ ŽĨ ĐĂƉĂďŝůŝƚŝĞƐ ĂŶĚ
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ŵŝŶĚƐĞƚĨŽƌĞŶƚƌĞƉƌĞŶĞƵƌŝĂůĂĐƚŝǀŝƚŝĞƐ;Ğ͘Ő͘ƌŝŬƐŽŶ͕ϮϬϬϮͿ͘dŚĞƐĞĂƌĞĂƐŽĨŝŶƚĞůůĞĐƚƵĂůĐĂƉŝƚĂůĂƌĞŶŽƚŵƵƚƵĂůůǇ
ĞǆĐůƵƐŝǀĞ͖ĨŽƌĞǆĂŵƉůĞƚŚĞĐŽůůĂďŽƌĂƚŝŽŶŽĨƐĞƉĂƌĂƚĞĐŽƌƉŽƌĂƚĞĞŶƚŝƚŝĞƐŚĂƐƚŚĞƉŽƚĞŶƚŝĂůƚŽŝŵƉĂĐƚŵŽƐƚŝĨŶŽƚ
ĂůůŽĨƚŚĞĞůĞŵĞŶƚƐŵĞŶƚŝŽŶĞĚ͘dŚĞĞĨĨĞĐƚŽŶ/ĐĂŶĂůƐŽďĞŶĞŐĂƚŝǀĞ͘ŽůůĂďŽƌĂƚŝŽŶŶĂƚƵƌĂůůǇƉŽƐĞƐĐŚĂůůĞŶŐĞŽĨ
ƉƌŽƉƌŝĞƚĂƌŝŶĞƐƐŽŶƚŚĞŝŶŶŽǀĂƚŝŽŶƐĂŶĚŵĂǇĞǀĞŶƉƵƚƚŚĞĐŽŵƉĞƚŝƚŝǀĞĂĚǀĂŶƚĂŐĞĂƚƌŝƐŬ͕ƐŝŶĐĞƚŚĞĞĨĨŽƌƚƐĐĂŶ
ĂŶĚ ǁŝůů ďĞ ƉĂƌƚůǇ ƵƚŝůŝƐĞĚ ŽƵƚƐŝĚĞ Ĩŝƌŵ ŝƚƐĞůĨ͘ ƵƚƚĂ ĂŶĚ ,ŽƌĂ ;ϮϬϭϳͿ ƐƚĂƚĞ ƚŚĂƚ ƉĂƌƚŶĞƌƐŚŝƉƐ ŝŶ ƚŚĞ ƵƉƐƚƌĞĂŵ
ůĂǇĞƌŽĨǀĂůƵĞĐŚĂŝŶƐŚĂǀĞĂƉŽƐŝƚŝǀĞŝŵƉĂĐƚŽŶŝŶǀĞŶƚŝŽŶƐƵĐĐĞƐƐ;ŶŽǀĞůƐŽůƵƚŝŽŶƐͿďƵƚŶŽƐŝŐŶŝĨŝĐĂŶƚŝŵƉĂĐƚŽŶ
ĐŽŵŵĞƌĐŝĂůŝƐĂƚŝŽŶ ƐƵĐĐĞƐƐ͘ dŚŝƐ ŝŶĚŝĐĂƚĞƐ ƚŚĂƚ ƚŚĞ ƌĞƚƵƌŶ ŽŶ ƌĞůĂƚŝŽŶƐŚŝƉ ĐĂƉŝƚĂů ĐĂŶ ŝŶ ŵĂŶǇ ŝƐ ůŽǁ͘ KŶ ƚŚĞ
ŽƚŚĞƌ ŚĂŶĚ͕ ƚŚĞ ĞĨĨĞĐƚ ŽĨ ĚŽǁŶƐƚƌĞĂŵ ƉĂƌƚŶĞƌƐ ŝƐ ƉŽƐŝƚŝǀĞ ĨŽƌ ďŽƚŚ ŝŶǀĞŶƚŝŽŶ ĂŶĚ ĐŽŵŵĞƌĐŝĂůŝƐĂƚŝŽŶ ƐƵĐĐĞƐƐ
;ŝďŝĚ͘Ϳ͕ dŚƵƐ͕ ĐŽůůĂďŽƌĂƚŝǀĞ ƉƌĂĐƚŝĐĞƐ ĐĂŶ  ŝŵƉƌŽǀĞ ƚŚĞ ĨŝƌŵǲƐ ŬŶŽǁůĞĚŐĞ ĞǆƉůŽŝƚĂƚŝŽŶ ĚĞƐƉŝƚĞ ƚŚĞ ƌŝƐŬƐ
ĂƐƐŽĐŝĂƚĞĚ͘
Ϯ͘ϯ ^ƚĂƚĞŽĨ/WƐǇƐƚĞŵƐŝŶƚŚĞŚŝŐŚĐůŽĐŬƐƉĞĞĚĞƌĂĂŶĚƉƌŽƉŽƐĞĚŝŵƉƌŽǀĞŵĞŶƚƐ
dŚĞŵŽƐƚǀŝƐŝďůĞĂŶĚƵŶŝĨŝĞĚ/WƉƌŽĐĞƐƐĨŽƌƚŽĚĂǇǲƐŝŶŶŽǀĂƚŝǀĞĐŽŵƉĂŶŝĞƐŝƐƚŚĂƚŽĨƉĂƚĞŶƚŝŶŐ͘WĂƚĞŶƚƐǇƐƚĞŵƐ
ŚĂǀĞ͕ŚŽǁĞǀĞƌ͕ůŽŶŐďĞĞŶĚĞďĂƚĞĚ͘^ĐŚŽůĂƌƐ͕ƌĞƐĞĂƌĐŚĞƌƐĂŶĚƉƌĂĐƚŝƚŝŽŶĞƌƐƉƌŽƉĂŐĂƚĞďŽƚŚĨŽƌĂŶĚĂŐĂŝŶƐƚƚŚĞ
ĐƵƌƌĞŶƚ ƉĂƚĞŶƚ ĨƌĂŵĞǁŽƌŬ͕ ŝƚƐ ƐƵƉƉŽƌƚ ǀƐ͘ ƉƌŽŚŝďŝƚŝŽŶ ŽĨ ĂĚǀĂŶĐĞ ĂŶĚ ŝƚƐ ƐƵŝƚĂďŝůŝƚǇ ĨŽƌ ƚŚĞ ŵŽĚĞƌŶ ĞƌĂ ;ƐĞĞ
ĐŚĂƉƚĞƌƐϮ͘ϭ͘ĂŶĚϮ͘Ϯ͘ĂďŽǀĞͿ͘
dĞĐŚŶŽůŽŐŝĐĂů ŝŶŶŽǀĂƚŝŽŶ ŝƐ ĂŶ ƵŶĐĞƌƚĂŝŶ ĞŶĚĞĂǀŽƵƌ͘ KŶĞ ĞƐƚŝŵĂƚĞ ƐƚĂƚĞƐ ƚŚĂƚ ϯ͕ϬϬϬ ƌĂǁ ŝĚĞĂƐ ƉƌŽĚƵĐĞ ŽŶĞ
ƐƵďƐƚĂŶƚŝĂůůǇŶĞǁƉƌŽĚƵĐƚĂŶĚďƵƐŝŶĞƐƐƐƵĐĐĞƐƐ;^ƚĞǀĞŶƐĂŶĚƵƌůĞǇ͕ϭϵϵϳͿ͘EĂƚƵƌĂůůǇ͕ŶŽƚĂůůŽĨƚŚĞƐĞŝĚĞĂƐǁŝůů
ŵŽǀĞ ĨƌŽŵ ĨŝƌŵƐ͛ ŝŶƚĞƌŶĂů ƉƌŽĐĞƐƐĞƐ ƚŽ ƉĂƚĞŶƚ ĂƉƉůŝĐĂƚŝŽŶ ƉƌŽĐĞĚƵƌĞƐ͕ ůĞƚ ĂůŽŶĞ ďĞ ŐƌĂŶƚĞĚ Ă ƉĂƚĞŶƚ͘ dŚĞ
ŶƵŵďĞƌ ŽĨ ƉĂƚĞŶƚƐ ŐƌĂŶƚĞĚ ǀĞƌƐƵƐ ZΘ ŝŶǀĞƐƚŵĞŶƚ ŝŶ ŵŽŶĞǇ ŝƐ  ĂŶ ŽĨƚĞŶͲƵƐĞĚ ŝŶĚŝĐĂƚŽƌ ŽĨ ĞĨĨŝĐŝĞŶĐǇ ŽĨ
ŝŶŶŽǀĂƚŝŽŶĂĐƚŝǀŝƚǇ;Ğ͘Ő͘:ŽŚĂŶƐƐŽŶĞƚĂů͕͘ϮϬϭϱͿ͘^ƚŝůů͕ƚŚĞŚŝƚƌĂƚĞŽĨƉĂƚĞŶƚƐŐƌĂŶƚĞĚƚŽĐŽŵŵĞƌĐŝĂůƐƵĐĐĞƐƐŝƐ
ůŽǁ Ăƚ ďĞƐƚ ʹ ĞƐƚŝŵĂƚĞƐ ŽĨ ŵĞƌĞ ϭͲϯй ŽĨ ƉĂƚĞŶƚƐ ĐƌĞĂƚŝŶŐ ĐŽŵŵĞƌĐŝĂů ǀĂůƵĞ ŽǀĞƌ ƚŚĞ /W ƉƌŽĐĞƐƐ ĐŽƐƚƐ ĂƌĞ
ƉƵďůŝƐŚĞĚ ĂƐ ŝŶĚŝĐĂƚŽƌƐ ;Ğ͘Ő͘ <ĞǇ͕ ϮϬϭϲͿ͘ KŶ ƚŚĞ ŽƚŚĞƌ ŚĂŶĚ͕ ŶĞǁ ĂƉƉƌŽĂĐŚĞƐ ƐƵĐŚ ĂƐ ƐƚƌĂƚĞŐŝĐ ƉĂƚĞŶƚŝŶŐ
;ĂůĚƵƐĂŶĚ,ĞĐŬŵĂŶŶ͕ϮϬϭϲͿƋƵĞƐƚŝŽŶƚŚŝƐƚǇƉĞŽĨƐƚƌĂŝŐŚƚĨŽƌǁĂƌĚďĞŶĞĨŝƚĐĂůĐƵůĂƚŝŽŶ͘/ŶƐƚƌĂƚĞŐŝĐƉĂƚĞŶƚŝŶŐ
ƚŚĞĐŽŵŵĞƌĐŝĂůǀĂůƵĞĐĂŶďĞĐŽŶƚƌŝďƵƚĞĚƚŽƉĂƚĞŶƚƐŽŶůǇŝĨƚŚĞǇŚĂǀĞƚŚĞƉŽƚĞŶƚŝĂůƚŽĂĐƚƵĂůůǇŚŝƚĂƚĂƌŐĞƚ͕Ğ͘Ő͘
ĂĐŽŵƉĞƚŝƚŽƌ͘ZĞĨůĞĐƚŝŶŐƚŚŝƐƉŚĞŶŽŵĞŶŽŶ͕ƚŚĞŬŶŽǁůĞĚŐĞŽǁŶĞƌƐŚŝƉŐĞƚƐĐŚĂůůĞŶŐĞĚŝŶĐƌĞĂƐŝŶŐůǇŽĨƚĞŶ͘ŽƚŚ
ŝŶƚŚĞh<ĂŶĚh^ƚŚĞŶƵŵďĞƌŽĨƉĂƚĞŶƚůŝƚŝŐĂƚŝŽŶĐĂƐĞƐŚĂƐŐƌŽǁŶŽǀĞƌϭϬϬйďĞƚǁĞĞŶϮϬϬϱĂŶĚϮϬϭϱ;t/WK͕
ϮϬϭϴͿ͕/ŶƚŚĞƐĂŵĞƚŝŵĞƐƉĂŶ͕ŶƵŵďĞƌŽĨ ƉĂƚĞŶƚƐĂŶĚĂƉƉůŝĐĂƚŝŽŶƐǁĞŶƚƵƉďǇƐŽŵĞϲϬй͘ǀĞƌǇĨŝĨƚŚƉĂƚĞŶƚ
ĂƉƉůŝĐĂƚŝŽŶŝƐ ĨŝůĞĚďǇĂŶ^D ;t/WK͕ϮϬϭϴͿƚŚĂƚƚǇƉŝĐĂůůǇŚĂƐ ƌĞƐŽƵƌĐĞůŝŵŝƚĂƚŝŽŶƐŝŶƚŚĞŝƌŝŶŶŽǀĂƚŝŽŶĂŶĚ/W
ƉƌŽĐĞƐƐ͘
dŚĞĂďŽǀĞͲŵĞŶƚŝŽŶĞĚƐƚĂƚŝƐƚŝĐĂůŝŶĚŝĐĂƚŽƌƐ͕ǁŚĞŶƉĂŝƌĞĚǁŝƚŚƚŚĞƌŝƐŬŽĨŬŶŽǁůĞĚŐĞůĞĂŬĂŐĞǀŝĂŶŽŶͲĚŝƐĐůŽƐƵƌĞ
ƉŽƐĞĂƐĞƚŽĨƋƵĞƐƚŝŽŶƐƚŽŝŶŶŽǀĂƚŝǀĞĐŽŵƉĂŶŝĞƐ͗ϭͿ/ƐƚŚĞĞŶŐĂŐĞŵĞŶƚƚŽĨŽƌŵĂů/WƉƌŽĐĞƐƐĞƐĂĐŽƌƌĞĐƚĐŚŽŝĐĞ
͍ϮͿ/ĨǇĞƐ͕ǁŚĂƚŝŶǀĞŶƚŝŽŶƐĂƌĞǁŽƌƚŚŝƚǁŚĞŶďĂůĂŶĐŝŶŐƚŚĞƚŝŵĞĂŶĚĐŽƐƚǁŝƚŚƚŚĞŶĞĞĚƐŽĨŵĂƌŬĞƚĞŶƚƌǇƚŝŵĞ
ĂŶĚŵĂƌŬĞƚ ǀĂůƵĞŽĨƚŚĞŝŶǀĞŶƚŝŽŶ͍ϯͿƌĞƚŚĞƌĞŽƉƚŝŽŶƐƚŚĂƚƐŽůǀĞƚŚĞŶĞĞĚƐŽĨĂŐƌŽǁƚŚͲƐĞĞŬŝŶŐĐŽŵƉĂŶǇ
ďĞƚƚĞƌƚŚĂŶƚŚĞĐƵƌƌĞŶƚ/WƉƌĂĐƚŝĐĞƐ͍dŚĞĚĞĐŝƐŝŽŶŽĨǁŚŝĐŚƚĞĐŚŶŽůŽŐŝĐĂůŽƉƚŝŽŶ;ƐͿƚŽďĞƚŽŶĐĂƌƌŝĞƐĂƌŝƐŬĨŽƌĂ
Ĩŝƌŵ͘&ŽƌĞǆĂŵƉůĞ͕/dŵĂƌŬĞƚƌĞƐĞĂƌĐŚĂŶĚĐŽŶƐƵůƚĂŶĐǇĨŝƌŵ'ĂƌƚŶĞƌƚĂƌŐĞƚƐƐƚƌĂƚĞŐŝĐƉůĂŶŶŝŶŐĂŶĚŝŶŶŽǀĂƚŝŽŶ
ďǇŚŝŐŚůŝŐŚƚŝŶŐĂƐĞƚŽĨƚĞĐŚŶŽůŽŐŝĞƐƚŚĂƚǁŝůůŚĂǀĞďƌŽĂĚͲƌĂŶŐŝŶŐŝŵƉĂĐƚĂĐƌŽƐƐƚŚĞďƵƐŝŶĞƐƐ;&ĞŶŶ͕ϮϬϭϭͿ͘
tŚĞƌĞĂƐƚŚĞĂŐŐƌĞŐĂƚĞŚǇƉĞĐǇĐůĞĐŽŶƚĂŝŶƐƐŽŵĞϱϬƚĞĐŚŶŽůŽŐŝĞƐ;ŽƌďĞƚƚĞƌ͗ƚĞĐŚŶŽůŽŐǇĂƌĞĂƐͿ͕ƚŚĞŝƌĐƵƌƌĞŶƚ
ĚĞǀĞůŽƉŵĞŶƚ ƐƚĂŐĞ ĂŶĚ ĞǆƉĞĐƚĞĚ ƚŝŵĞůŝŶĞ ƚŽ ĨƵůů ŵĂƌŬĞƚ ƉƌĞƐĞŶĐĞ͕ ƚŚĞƌĞ ĂƌĞ ĂůƚŽŐĞƚŚĞƌ ĐůŽƐĞ ƚŽ Ϯ͕ϬϬϬ
ŝŶĚŝǀŝĚƵĂů ƚĞĐŚŶŽůŽŐŝĞƐ ŽŶ 'ĂƌƚŶĞƌ͛Ɛ ƌĂĚĂƌ͘ /Ŷ ĂĚĚŝƚŝŽŶ ƚŽ ƵŶĐĞƌƚĂŝŶƚǇ ŽŶ ƚĞĐŚŶŽůŽŐǇ͕ ƚŚĞ ŵĂƌŬĞƚ ĂŶĚ
ĐŽŵƉĞƚŝƚŝŽŶĂƌĞĂůƐŽŚŝŐŚůǇƵŶĐĞƌƚĂŝŶĨŽƌŶĞǁƚĞĐŚŶŽůŽŐǇĐŽŵƉĂŶŝĞƐ͕ŵƵůƚŝƉůǇŝŶŐƚŚĞƌŝƐŬŽĨĨĂŝůƵƌĞ;DŽŚƌĞƚ
Ăů͕͘ϮϬϭϭͿ͘
^ƵƉƉŽƌƚĞƌƐŽĨƐƚƌŽŶŐƉĂƚĞŶƚƐǇƐƚĞŵƐǁŝƚŚůĞŶŐƚŚǇƉƌŽĐĞƐƐƚŝŵĞƐ ďƵƚĂůƐŽǁŝƚŚůŽŶŐƉƌŽƚĞĐƚŝŽŶƉƌŽǀŝĚĞĚƉŽŝŶƚ
ŽƵƚƚŚĞŝŵƉĂĐƚŽŶŝŶŶŽǀĂƚŝŽŶĂĐƚŝǀŝƚǇĂŶĚƉƌŽŐƌĞƐƐŽĨƐĐŝĞŶĐĞ͘/WŝƐĂĐŽƌĞĞůĞŵĞŶƚŝŶĨŝƌŵƐ͛ĂďŝůŝƚǇƚŽĞǆƚƌĂĐƚ
ǀĂůƵĞĂŶĚŐĂŝŶƌĞƐŽƵƌĐĞƐĨƌŽŵŵĂƌŬĞƚĂŶĚŝŶǀĞƐƚŽƌƐ͘^ƵĐĐĞƐƐĨƵůĚĞǀĞůŽƉŵĞŶƚŽĨŶĞǁƚĞĐŚŶŽůŽŐŝĞƐŝƐĂ ĐŽƐƚůǇ
ĂŶĚ ƌŝƐŬǇ ƉƌŽĐĞƐƐ ƚŚĂƚ ƚǇƉŝĐĂůůǇ ƌĞƋƵŝƌĞƐ ĨŝŶĂŶĐŝĂů ďĂĐŬŝŶŐ ĂŶĚ ĂƐƐŝƐƚĂŶĐĞ ĨƌŽŵ ƚŚŝƌĚ ƉĂƌƚŝĞƐ͕ ƚŽ ǁŚŽŵ ƚŚĞ
ĂƐƐĞƐƐŵĞŶƚ ŽĨ ĨƵƚƵƌĞ ǀĂůƵĞ ŝƐ ĚŝĨĨŝĐƵůƚ ;,ƐƵ ĂŶĚ ŝĞĚŽŶŝƐ͕ ϮϬϬϴͿ͘ dŚĞ ŵĞĐŚĂŶŝƐŵƐ ƚŚĂƚ ƐŚĂƉĞ ŽƵƚƐŝĚĞƌƐ͛
ĞǆƉĞĐƚĂƚŝŽŶƐ ŝŶĐůƵĚĞ Ğ͘Ő͘ ĞŶƚƌĞƉƌĞŶĞƵƌŝĂů ůŝŶĞĂŐĞ͕ĨŽƵŶĚĞƌďĂĐŬŐƌŽƵŶĚƐ;ŝƐĞŶŚĂƌĚƚ ĂŶĚ^ĐŚŽŽŶŚĂǀĞŶ͕ϭϵϵϬ͖
ƵƌƚŽŶĞƚĂů͕͘ϮϬϬϮͿĂŶĚĂĨĨŝůŝĂƚŝŽŶƐǁŝƚŚƌĞƉƵƚĂďůĞǀĞŶƚƵƌĞĐĂƉŝƚĂůŝƐƚƐ;,ƐƵĂŶĚŝĞĚŽŶŝƐ͕ϮϬϬϴͿ͘dŚŽƐĞǀĂůƵĞĂ
ĨŝƌŵďǇĞƐƚŝŵĂƚŝŶŐƚŚĞƉƌŽďĂďŝůŝƚǇŽĨĂĨŝƌŵƚŽƐƵĐĐĞĞĚ͕ŐŝǀĞŶĂƐĞƚŽĨĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐŽĨƚŚĞŽƌŐĂŶŝƐĂƚŝŽŶ;^ƚƵĂƌƚ
ĞƚĂů͕͘ϭϵϵϵͿƐƵĐŚĂƐƚŚĞƉƌĞƐĞŶĐĞŽĨ/WƋƵĂůŝƚǇŝŶĚŝĐĂƚĞĚďǇŬŶŽǁůĞĚŐĞƌĞĐŽŐŶŝƐĞĚďǇƚŚĞƉĂƚĞŶƚƐǇƐƚĞŵ͘,ƵƐ
ĂŶĚ ŝĞĚŽŶŝƐ ;ŝďŝĚ͘Ϳ ĨŽƵŶĚ ŽƵƚ ƚŚĂƚ ƉĂƚĞŶƚŝŶŐ ĐĂŶ ƉŽƐŝƚŝǀĞůǇ ĂĨĨĞĐƚ ŝŶǀĞƐƚŽƌƐ͛ ƉĞƌĐĞƉƚŝŽŶƐ ŽĨ ƐƚĂƌƚͲƵƉ ƋƵĂůŝƚǇ
ĂĐƌŽƐƐ ŵƵůƚŝƉůĞ ƐƚĂŐĞƐ ĂƐ ŵĞĂƐƵƌĞĚ ƚŚƌŽƵŐŚ  ŝŶƚĞƌŵĞĚŝĂƚĞ ǀĞŶƚƵƌĞ ǀĂůƵĂƚŝŽŶƐ ĂŶĚ ƚŚĞ  ůŝŬĞůŝŚŽŽĚ ŽĨ ĂŶ /WK
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;ŝŶŝƚŝĂůƉƵďůŝĐŽĨĨĞƌŝŶŐͿ͘,ƐƵĂŶĚŝĞĚŽŶŝƐƐĞĞƚŚŝƐƌĞƐƵůƚĂƐ ĐŽŶƐŝƐƚĞŶƚĂŶĚĐŽŶĨŝƌŵŝŶŐǁŝƚŚƚŚĞĞĂƌůŝĞƌǀŝĞǁƐŽĨ
ƉĂƚĞŶƚƐƉƌŽǀŝĚŝŶŐĂǀĞŚŝĐůĞĨŽƌĂǀŽŝĚŝŶŐ ĞĂƌůǇͲƐƚĂŐĞĚŝƐĐůŽƐƵƌĞƉƌŽďůĞŵƐŝŶƚŚĞ ŵĂƌŬĞƚ ŽĨ ŝĚĞĂƐ;ƌŽƌĂ Ğƚ Ăů͕͘
ϮϬϬϭ͖'ĂŶƐĞƚ Ăů͕͘ ϮϬϬϮͿ͘&ĞƌƌŝĂƚĂů͘ ;ϮϬϭϵͿĨŽƵŶĚ ƚŚĂƚ ƚŚĞ ŶƵŵďĞƌ ŽĨ ƉĂƚĞŶƚƐ ;ŝŶ ĂĐĂĚĞŵŝĐ ƐƉŝŶͲŽĨĨƐͿ ŝƐ Ă
ƉŽƐŝƚŝǀĞ ĚƌŝǀĞƌ ŽĨ ƉĞƌĨŽƌŵĂŶĐĞ͕ ǁŚŝůƐƚ Ă ƉĂƚĞŶƚ͛Ɛ ĂŐĞ ŚĂƐ ŶŽ ƐŝŐŶŝĨŝĐĂŶƚ ŝŵƉĂĐƚ ŽŶ ŐƌŽǁƚŚ͘ ĞƐƉŝƚĞ ƚŚĞ
ĐƵŵƵůĂƚŝǀĞŶĂƚƵƌĞŽĨŝŶŶŽǀĂƚŝŽŶĚŝƐĐƵƐƐĞĚĞĂƌůŝĞƌ͕ƚŚĞŵĂƌŬĞƚŽƉƉŽƌƚƵŶŝƚǇĨŽƌĂŶŝŶĚŝǀŝĚƵĂůŝŶǀĞŶƚŝŽŶŝƐ
ĐŽŶƐƚƌĂŝŶĞĚ ďǇ ƚŝŵĞ͘WĂƚĞŶƚƐĂƐƐŝƐƚ ƚƌĂĚĞďǇ ƉƌŽƚĞĐƚŝŶŐďƵǇĞƌƐĂŐĂŝŶƐƚ ƚŚĞĞǆƉƌŽƉƌŝĂƚŝŽŶŽĨƚŚĞŝĚĞĂĂŶĚďǇ
ĞĂƐŝŶŐ ĂŶĚ ŝŶĐƌĞĂƐŝŶŐ ŝŶĨŽƌŵĂƚŝŽŶ ƐŚĂƌŝŶŐ ĚƵƌŝŶŐ ŶĞŐŽƚŝĂƚŝŽŶƐ ƚŚƌŽƵŐŚ ƚŚĞ ƉƵďůŝĐĂƚŝŽŶ ŽĨ ĚĞƚĂŝůƐ ;Ğ
ZĂƐƐĞŶĨŽƐƐĞ Ğƚ Ăů͕͘ ϮϬϭϲͿ͘ ,ŽǁĞǀĞƌ͕ ƚŚĞƌĞ ƐĞĞŵƐ ƚŽ ďĞ Ă ůĂĐŬ ŽĨ ĂĐĂĚĞŵŝĐ ƌĞƐĞĂƌĐŚ ŽŶ ƚŚĞ ƉƌŽĨŝƚĂďŝůŝƚǇ Žƌ
ĞĨĨŝĐŝĞŶĐǇŵĞĂƐƵƌĞƌĂƚĞƉĞƌĨŝůĞĚƉĂƚĞŶƚĂƉƉůŝĐĂƚŝŽŶƐ͘

dŚĞƌĞ ĂƌĞ ĂůƐŽ ĐƌŝƚŝĐĂů ŶŽƚŝŽŶƐ ŽŶ ƚŚĞ ĐƵƌƌĞŶƚ /W ƐǇƐƚĞŵƐ͘ /ŶŶŽǀĂƚŽƌƐ ĂŶĚ /W ŚŽůĚĞƌƐ ŽĨƚĞŶ ĨĂŝů ƚŽ ƉƌŽĨŝƚ ĨƌŽŵ
ŝŶŶŽǀĂƚŝŽŶƐ ;dĞĞĐĞ͕ ϭϵϴϲͿ͘ /ŶŶŽǀĂƚŽƌƐ ŽĨƚĞŶ ĨĂŝů ƚŽ ƉŽƐƐĞƐƐ ƚŚĞ ŶĞĐĞƐƐĂƌǇ ĂƐƐĞƚƐ ĂŶĚ ĐŽŵƉůĞŵĞŶƚĂƌǇ ƐŬŝůůƐ
ďĞǇŽŶĚ ƚŚĞŝƌ ŽǁŶ /WZ ĂŶĚ ĂďŝůŝƚǇ ƚŽ ŵŽǀĞ ĚŽǁŶ ƚŚĞ ǀĂůƵĞ ĐŚĂŝŶ ;>ĂŵŝŶ ĂŶĚ ZĂŵŽƐ͕ ϮϬϭϲͿ͘ ^ŽŵĞ ƐƵĐĐĞƐƐĨƵů
ĨŝƌŵƐƐƚĂƌƚĞĚĂƐ͚͚ĐŽƉǇĐĂƚƐ͛͛;tŝůůŝĂŵƐŽŶĂŶĚzŝŶ͕ϮϬϭϰͿŽƌ͞ŝŵŽǀĂƚŽƌƐ͟;^ŚĂŶŬĂƌ͕ϮϬϭϬͿĂŶĚůĂƚĞƌƚƌĂŶƐĨŽƌŵĞĚ
ƚŽďĞŝŶŶŽǀĂƚŝǀĞŽŶƚŚĞŝƌŽǁŶ͘ĞƌĂĂŬĂŶĚĞůĞĞƌƐŶǇĚĞƌ;ϮϬϭϴͿ ůĞĂƌŶĞĚƚŚĂƚĐŽƉǇĐĂƚĨŽůůŽǁĞƌƐ;ŝŶĨŽƌŵŽĨ
ƉƌŝǀĂƚĞ ůĂďĞů ǀĞƌƐŝŽŶƐͿ ŽƵƚƉĞƌĨŽƌŵĞĚ ŽƌŝŐŝŶĂů ŝŶŶŽǀĂƚŽƌƐ ǁŚĞŶ ŵĞĂƐƵƌĞĚ ĂƐ ŐƌŽǁƚŚ ŽĨ ŵĂƌŬĞƚ ƐŚĂƌĞ ŽĨ Ă
ƉƌŽĚƵĐƚ ĐĂƚĞŐŽƌǇ͘ dŚĞƐĞ ƚĞŶĚĞŶĐŝĞƐ ŝŶĚŝĐĂƚĞ ƚŚĂƚ ŝŶŶŽǀĂƚŝŽŶ ƉƌŽĐĞƐƐĞƐ ŶĞĞĚ ƚŽ ďĞ ŝŵƉƌŽǀĞĚ ǁŝƚŚ
ŽƌŐĂŶŝƐĂƚŝŽŶĂů ƌŽƵƚŝŶĞƐ ƚŽ ƉƌŽƉĞƌůǇ ĚĞƉůŽǇ /W ;^ƚĞĞŶƐŵĂ͕ ŚĂƌŝ ĂŶĚ ,ĞŝĚů͕ ϮϬϭϲͿ͘ ^ĐƵŽƚƚŽ ĂŶĚ ^ŚƵŬůĂ ;ϮϬϭϴͿ
ƉƌŽǀŝĚĞ Ă ƐƵŐŐĞƐƚŝŽŶ ƚŽ ƐĐŚŽůĂƌƐ ƚŽ ĞǆƚĞŶĚ ƚŚĞŝƌ ĂŶĂůǇƐŝƐ ĨƌŽŵ ŝŵŝƚĂƚŝŽŶ ĂŶĚͬŽƌ ŝŶŶŽǀĂƚŝŽŶ ƐƚƌĂƚĞŐǇ ƚŽ Ă
ĐŽŵďŝŶĂƚŝŽŶŽĨďŽƚŚǀŝĞǁƐ͘

ŚĞƐďƌŽƵŐŚ ;ϮϬϬϲͿ ĐůĂŝŵĞĚ ƚŚĂƚ ĨŝƌŵƐ ĚĞǀĞůŽƉŝŶŐ ŶĞǁ ƚĞĐŚŶŽůŽŐŝĞƐ ŵŽƐƚůǇ ƉƵƌƐƵĞ ƉƌŽƚĞĐƚŝǀĞ ŵĞĂƐƵƌĞƐ ŽŶ
ŝŶŶŽǀĂƚŝŽŶ͕ƐĞĞŬŝŶŐĨƌĞĞĚŽŵƚŽŽƉĞƌĂƚĞŝŶƚŚĞŵĂƌŬĞƚ͘ǇƚŚĞŝƌŶĂƚƵƌĞ͕ƉĂƚĞŶƚƐǇƐƚĞŵƐƌĞƐƚƌŝĐƚƉƵďůŝĐĂĐĐĞƐƐƚŽ
ŝŶǀĞŶƚŝŽŶƐ͕ ďƵƚ ŝƚ ŵĂǇ ĂĐƚƵĂůůǇ ŚĂƌŵ ĨƵƚƵƌĞ ƚĞĐŚŶŽůŽŐŝĐĂů ƉƌŽŐƌĞƐƐ ďǇ ŝŵƉĞĚŝŶŐ ĨŝƌŵƐ ĨƌŽŵ ďƵŝůĚŝŶŐ ŽŶ ƉƌŝŽƌ
ŬŶŽǁůĞĚŐĞ;^ĐŽƚĐŚŵĞƌ͕ϮϬϬϰͿ͘ŽŶǀĞƌƐĞůǇ͕ŝĨƚŚĞƉĂƚĞŶƚƐǇƐƚĞŵŽĨĨĞƌƐƚŽŽůŝƚƚůĞƉƌŽƚĞĐƚŝŽŶ͕ƚŚĞƉƵďůŝĐŶŽƚŽŶůǇ
ůŽƐĞƐũƵƐƚŽŶĞŝŶǀĞŶƚŝŽŶ͕ďƵƚĂůƐŽŝƚƐĨƵƚƵƌĞŽĨĨƐƉƌŝŶŐ͘ĐĐŽƌĚŝŶŐƚŽZŽŝŶ;ϮϬϭϯͿ͕ƉƌŽǀŝĚŝŶŐĞŶŽƵŐŚƉƌŽƚĞĐƚŝŽŶƚŽ
ŵŽƚŝǀĂƚĞŝŶŶŽǀĂƚŝŽŶĂĐƚŝǀŝƚǇŝƐĐƌŝƚŝĐĂů͕ďƵƚƉƌŽǀŝĚŝŶŐƚŽŽŵƵĐŚƉƌŽƚĞĐƚŝŽŶǁŝůůůĞĂĚƚŽƐƚŝĨůŝŶŐŽĨŝŶŶŽǀĂƚŝŽŶ͘

KŶĞ ŽĨ ƚŚĞ ƉŽƚĞŶƚŝĂů ƐŽůƵƚŝŽŶƐ ƚŽ ƚŚĞ ŝĚĞŶƚŝĨŝĞĚ ĐŚĂůůĞŶŐĞƐ ŚĂƐ ŝŶĐůƵĚĞĚ ƚĂŝůŽƌĞĚ ƉĂƚĞŶƚ ĂǁĂƌĚƐ ;ZŽŝŶ͕ ϮϬϭϯͿ
ƚŚĂƚǁŽƵůĚƐŚŽƌƚĞŶƚŚĞŝŶŶŽǀĂƚŽƌ͛ƐƚŝŵĞŽĨŽƉĞƌĂƚŝŽŶĂůĨƌĞĞĚŽŵďƵƚƐƚŝůůŐƌĂŶƚĞŶŽƵŐŚŽĨĂƚŝŵĞĨƌĂŵĞĨŽƌƚŚĞ
ŝŶŶŽǀĂƚŽƌƚŽƉƌŽĨŝƚĨƌŽŵƚŚĞŝŶŶŽǀĂƚŝŽŶͲǁŚŝůĞůĞƚƚŝŶŐŽƚŚĞƌƐďƵŝůĚŽŶƚŚĞŽƌŝŐŝŶĂůŝŶŶŽǀĂƚŝŽŶŝŶĂŵĞĂŶŝŶŐĨƵů
ǁĂǇ͘dŚŝƐĂƉƉƌŽĂĐŚ͕ŚŽǁĞǀĞƌ͕ďƵŝůĚƐŽŶƚŚĞŝĚĞĂƚŚĂƚĨƵƚƵƌĞǀĂůƵĞŝƐĂƐƐĞƐƐĂďůĞĞĂƌůǇŽŶ͕ǁŚŝĐŚ ŝƐũƵĚŐĞŵĞŶƚ
ĚŝĨĨŝĐƵůƚƚŽŵĂŬĞ͘ŶŽƚŚĞƌƐƚƌĞĂŵŽĨĚĞǀĞůŽƉŵĞŶƚŝƐƚŚĞƐŚŝĨƚĨƌŽŵƚŚĞ͚ƉƌŽĚƵĐƚƐŽĨŝŶŶŽǀĂƚŝŽŶƉƌŽĐĞƐƐ͛ƚŽƚŚĞ
ƉƌŽĐĞƐƐ ŝƚƐĞůĨ͘ ůĂŶŬ ĂŶĚ EĞǁĞůů ;ϮϬϭϳͿ ƉƌŽƉŽƐĞ ƚŚĂƚ ŽƌŐĂŶŝƐĂƚŝŽŶƐ ŶĞĞĚ Ă ƐĞůĨͲƌĞŐƵůĂƚŝŶŐ͕ ĞǀŝĚĞŶĐĞͲďĂƐĞĚ
ŝŶŶŽǀĂƚŝŽŶ ƉŝƉĞůŝŶĞ͕ Ă ƉƌŽĐĞƐƐ ƚŚĂƚ ŽƉĞƌĂƚĞƐ ǁŝƚŚ ƐƉĞĞĚ ĂŶĚ ƵƌŐĞŶĐǇ͕ ĂŶĚ ƚŚĂƚ ŚĞůƉƐ ŝŶŶŽǀĂƚŽƌƐ ĂŶĚ ŽƚŚĞƌ
ƐƚĂŬĞŚŽůĚĞƌƐĞůĂďŽƌĂƚĞŽŶĂŶĚƉƌŝŽƌŝƚŝƐĞŝĚĞĂƐĂŶĚƚĞĐŚŶŽůŽŐŝĞƐ͘KƉĞŶŝŶŶŽǀĂƚŝŽŶďƵŝůƚŽŶŵƵůƚŝƉĂƌƚǇƐŚĂƌŝŶŐŽĨ
ŬŶŽǁůĞĚŐĞŝƐŽŶĞƐƵĐŚƉƌŽĐĞƐƐ͘dŚŝƐǀŝĞǁďƵŝůĚƐŽŶƚŚĞĐŽŶĐĞƉƚŽĨƚŚĞ/ŶŶŽǀĂƚŝŽŶ&ƵŶŶĞů;ƵŶƉŚǇĞƚĂů͕ϭϵϵϲͿ͕
ŝŶǁŚŝĐŚĂĐŽŵƉĂŶǇŵŽǀĞƐĨƌŽŵĂǀĂƐƚŶƵŵďĞƌŽĨŽƉƉŽƌƚƵŶŝƚŝĞƐƚŽĂůŝŵŝƚĞĚŶƵŵďĞƌŽĨůĂƵŶĐŚĞĚͬƌŽůůĞĚͲŽƵƚ
ĨĞĂƚƵƌĞƐĂŶĚƉƌŽĚƵĐƚƐ;ƐĞĞ&ŝŐƵƌĞϭͿ͘


&ŝŐƵƌĞϭ͗/ŶŶŽǀĂƚŝŽŶ&ƵŶŶĞů;ŶƚŚŽŶǇΘDĐ<ĂǇ͕ϭϵϵϮͿ
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dŚĞ ŝŶƚĞƌŶĂů EĞǁ WƌŽĚƵĐƚ ĞǀĞůŽƉŵĞŶƚ ŵŽĚĞů ĐĂŶ ďĞ ǁŝĚĞŶĞĚ ƚŽ ƚŚĞ ĞǆƚĞƌŶĂů ĞŶǀŝƌŽŶŵĞŶƚ ;&ŝŐƵƌĞ ϮͿ͘ dŚĞ
ĐŽŵƉĂŶǇĐŽůůĂďŽƌĂƚĞƐǁŝƚŚŝƚƐĞŶǀŝƌŽŶŵĞŶƚĂĐƌŽƐƐĐŽŵƉĂŶǇďŽƵŶĚĂƌŝĞƐƚŚƌŽƵŐŚƐƚĂŐĞƐŽĨĚĞǀĞůŽƉŵĞŶƚ͘

&ŝŐƵƌĞϮ͗dŚĞEĞǁWƌŽĚƵĐƚĞǀĞůŽƉŵĞŶƚDŽĚĞů;WŚŝůůŝƉƐ͕ϮϬϭϭͿ
ŶŽƚŚĞƌ ĚĞǀĞůŽƉŵĞŶƚ ĂƌĞĂ ŚĂƐ ďĞĞŶ Ă ĐŽŵƉƌŽŵŝƐĞ ďĞƚǁĞĞŶ ĐůŽƐĞĚ ĂŶĚ ŽƉĞŶ ŝŶŶŽǀĂƚŝŽŶ ;ƐĞĞ ĂďŽǀĞͿ ƚŚĂƚ
ĐŽƵůĚ ďĞ ĐĂůůĞĚ ƐĞůĞĐƚŝǀĞůǇ ŽƉĞŶ ƉƌŽĐĞƐƐ ĐŽŶƚƌŽůůĞĚ ďǇ ŵƵƚƵĂů ĂŐƌĞĞŵĞŶƚƐ͕ ǁŚĞƌĞ Ă  ĐŽŵƉĂŶǇ ƵƐĞƐ ďƌŽĂĚůǇ
ĚĞƐĐƌŝďĞĚ ĐŽŶĚŝƚŝŽŶƐ ĨŽƌ ĐŽŽƉĞƌĂƚŝŽŶ ĂŶĚ ĐŽͲĚĞǀĞůŽƉŵĞŶƚ ǁŝƚŚ ƐĞůĞĐƚĞĚ ĐŽƵŶƚĞƌƉĂƌƚƐ͘ dŚĞ ƉĂƌƚŝĞƐ ŝŶǀŽůǀĞĚ
ĂŐƌĞĞƚŽƌĞǀĞĂůƐŽŵĞĂŶĚƉƌŽƚĞĐƚŽƚŚĞƌƉĂƌƚƐŽĨƚŚĞŝƌ/WĚƵƌŝŶŐƚŚĞĐŽŽƉĞƌĂƚŝŽŶ͘dŚĞ>ĞƚƚĞƌƐŽĨ/ŶƚĞŶƚĐĂŶĞ͘Ő͘
ƉƌĞƐĞŶƚ ƉůĂŶƐ ĨŽƌ ƉƌĞƐĞƌǀŝŶŐ ĂŶĚ ŝŵƉƌŽǀŝŶŐ ĐƵƌƌĞŶƚ ĐĂƉĂďŝůŝƚŝĞƐ͕ ũŽŝŶƚůǇ ŵĞĞƚŝŶŐ ƚŚĞ ĐŚĂůůĞŶŐĞƐ ĂŶĚ ƚĂŬŝŶŐ
ĂĚǀĂŶƚĂŐĞ ŽĨ ŽƉĞƌĂƚŝŶŐ ĐƌŝƚŝĐĂů ƌĞƐŽƵƌĐĞƐ ;Ğ͘Ő͘ ƚůĂƐ͕ ϮϬϭϮͿ͘ tŝƚĞŬ ;ϮϬϬϬͿ ŶŽƚĞĚ ƚŚĂƚ ůĞƚƚĞƌƐ ŽĨ ŝŶƚĞŶƚ ;>K/ƐͿ͕
ŵĞŵŽƌĂŶĚƵŵƐŽĨƵŶĚĞƌƐƚĂŶĚŝŶŐ;DKhƐͿĂŶĚƐŝŵŝůĂƌĚŽĐƵŵĞŶƚƐǁĞƌĞŝŶƚŚĞƉĂƐƚƵƐĞĚƌĂƚŚĞƌƐƉĂƌŝŶŐůǇĂŶĚŝŶ
ŶĂƌƌŽǁƚƌĂŶƐĂĐƚŝŽŶĂůĐŝƌĐƵŵƐƚĂŶĐĞƐ͘EŽǁĂĚĂǇƐ͕>K/ƐĂƌĞĂĐŽŵŵŽŶĞůĞŵĞŶƚŝŶƚƌĂŶƐĂĐƚŝŽŶƐƐƵĐŚĂƐƐŽĨƚǁĂƌĞ
ůŝĐĞŶƐĞƐ͕ ũŽŝŶƚ ĚĞǀĞůŽƉŵĞŶƚ ĂŐƌĞĞŵĞŶƚƐ͕ ŵĂŶƵĨĂĐƚƵƌŝŶŐ ƐĞƌǀŝĐĞƐ ĂŐƌĞĞŵĞŶƚƐ͕ ŝŶƚĞůůĞĐƚƵĂů ƉƌŽƉĞƌƚǇ ůŝĐĞŶƐĞƐ͕
ĞƚĐ͘>K/ƐĂŶĚDKhƐĂƌĞƵƐĞĚƚŽƐĞƚƐŽŵĞĨŽƌŵŽĨŵĂŶĂŐĞƌŝĂůĨƌĂŵĞƚŽƵŶĚĞĨŝŶĞĚŽƵƚĐŽŵĞƐŽĨũŽŝŶƚƉƌŽĐĞƐƐĞƐ͘

ϯ͘ ZĞĐĞŶƚƉŚĞŶŽŵĞŶĂŽĨĨŽĐƵƐƐŚŝĨƚʹĂŵƵůƚŝƉůĞĐĂƐĞĂŶĂůǇƐŝƐ
ϯ͘ϭ ĂƐĞϭ͗WĂĐĞŽĨŵĂƌŬĞƚŽƉƉŽƌƚƵŶŝƚǇŽƉĞŶŝŶŐǀƐ͘/WƉƌŽĐĞƐƐ
dŚĞ/WĐƌĞĂƚŽƌ͕Ă&ŝŶŶŝƐŚŝŶƐƚŝƚƵƚĞŽĨ,ŝŐŚĞƌĚƵĐĂƚŝŽŶ͕ƐƚĂƌƚĞĚĂ͞ZĞƐĞĂƌĐŚŝŶƚŽƵƐŝŶĞƐƐ͟ƉƌŽũĞĐƚďĂƐĞĚŽŶƚŚĞ
ŝŶǀĞŶƚŝŽŶ ŽĨ Ă ŶŽǀĞů ƐŽůƵƚŝŽŶ ĨŽƌ ƐĂĨĞƚǇ ƐǇƐƚĞŵƐ ŝŶ ǀĞŚŝĐůĞƐ͘ dŚĞ ƉƌŽũĞĐƚ ǁĂƐ ĂƐƐŝŐŶĞĚ ƉƵďůŝĐ ĨƵŶĚŝŶŐ ĨŽƌ ϭϲ
ŵŽŶƚŚƐŽĨĚƵƌĂƚŝŽŶ͕ǁŝƚŚƚŚĞĂŝŵŽĨĐŚĂƌƚŝŶŐŝƚƐŵĂƌŬĞƚŽƉƉŽƌƚƵŶŝƚŝĞƐĂŶĚǀĂůƵĞĐŚĂŝŶƐƚƌƵĐƚƵƌĞĨŽƌƚŚĞĨƵƚƵƌĞ
ŵĂƌŬĞƚůĂƵŶĐŚ͘/Ŷ ƚŚŝƐ ĐĂƐĞƚŚĞĂĐƚŝǀŝƚŝĞƐǁĞƌĞĚŝǀŝĚĞĚŝŶƚŽ ĨŽƵƌƐĞĐƚŝŽŶƐƚŚĂƚƉƌŽĐĞĞĚĞĚŝŶƉĂƌĂůůĞů͗ ϭͿ/WZс
WĂƚĞŶƚĂƉƉůŝĐĂƚŝŽŶƉƌĞƉĂƌĂƚŝŽŶ͕ϮͿ>ĂďŽƌĂƚŽƌǇĂŶĚĨŝĞůĚǁŽƌŬƚŽƚĞƐƚƚŚĞƐŽůƵƚŝŽŶĂŶĚƵŶĚĞƌƐƚĂŶĚƉŽƚĞŶƚŝĂůƵƐĞ
ĐŽŶƚĞǆƚƐ͕ϯͿWĞƌĨŽƌŵŝŶŐ;ǀŝĂĚĞƐŬƐƚƵĚǇĂŶĚƉƵƌĐŚĂƐĞĚƌĞƐĞĂƌĐŚƌĞƉŽƌƚƐͿŵĂƌŬĞƚĂŶĂůǇƐŝƐ͕ĂŶĚϰͿ/ŶŽŶĞͲƚŽͲŽŶĞ
ĞŶĐŽƵŶƚĞƌƐǁŝƚŚƌĞĐŽŐŶŝƐĞĚǀĂůƵĞĐŚĂŝŶĂĐƚŽƌƐ͘
dŚĞƉƌŽĐĞƐƐŽĨŐĞƚƚŝŶŐ/WZĂƌƚĞĨĂĐƚƐŝŶƉůĂĐĞ;ƉĂƚĞŶƚĂƉƉůŝĐĂƚŝŽŶĂŶĚƌĞƐƵůƚŝŶŐŶĂƚŝŽŶĂůƉƌŝŽƌŝƚǇĚĂƚĞͿůĂƐƚĞĚƚŽ
ƚŚĞǀĞƌǇĞŶĚŽĨƚŚĞϭϲͲŵŽŶƚŚƉƌŽĐĞƐƐ͘^ŝŶĐĞƚŚĞŝŶǀĞŶƚŝŽŶĚŝĚŶŽƚĞŶũŽǇĂŶǇĚĞŐƌĞĞŽĨƉƌŽƚĞĐƚŝŽŶ͕ƐĞĐƚŝŽŶϭĂƐ
ĂƌĞƐƵůƚĚŝĚŶŽƚƉƌŽǀŝĚĞƐƵƉƉŽƌƚƚŽƐƚĂŐĞƐϯĂŶĚϰ͘/ŶƉƌĂĐƚŝĐĞ͕ƚŚĞĞĂƌůǇŵĂƌŬĞƚƐƚƵĚŝĞƐ;ƐĞĐƚŝŽŶϯͿƌĞǀĞĂůĞĚƚŚĞ
ŬĞǇƉůĂǇĞƌƐĂŶĚƚŚĞŝƌƌĞůĂƚŝǀĞŝŵƉŽƌƚĂŶĐĞ͕ĞǀĞŶĚŽǁŶƚŽŬĞǇŝŶĚŝǀŝĚƵĂůƐŝŶƚŚŽƐĞĐŽŵƉĂŶŝĞƐĂƐǁĞůůĂƐĞǀĞŶƚƐŝŶ
ǁŚŝĐŚ ƚŽ ŵĞĞƚ ƚŚĞŵ͘ ,ŽǁĞǀĞƌ͕ ƚŚĞ ĐŽŶƚĂĐƚƐ ǁĞƌĞ ƵŶĂďůĞ ƚŽ ƚĂŬĞ ĂŶǇ ƐƚĂŶĐĞ Žƌ ƉŽŝŶƚ Ăƚ Ă ƐƵŝƚĂďůĞ ƉĂƚŚǁĂǇ
ǁŝƚŚŽƵƚ ŬŶŽǁŝŶŐ ƐŽŵĞ ďĂƐŝĐ ĚĞƚĂŝůƐ ŽĨ ƚŚĞ ŝŶŶŽǀĂƚŝŽŶ͘ dŚŝƐ ǁĂƐ ŶŽƚ ƉŽƐƐŝďůĞ͕ ĂƐ ƚŚĞ ĚŝƐĐƵƐƐŝŽŶ ŽŶ ƚŚĞ ĐŽƌĞ
ŝŶŶŽǀĂƚŝŽŶǁŽƵůĚŚĂǀĞƉƌŽǀŝĚĞĚĚŝƌĞĐƚŝŽŶƚŽĐŽŵƉĞƚŝŶŐƌĞƐĞĂƌĐŚďǇƚŚĞǀĂůƵĞĐŚĂŝŶĂĐƚŽƌƐ͘dŚĞůĞŶŐƚŚŽĨƚŚĞ
/WZ ƉƌŽĐĞƐƐ ǁĂƐ ƚŚƵƐ ŝŶĐŽŵƉĂƚŝďůĞ ǁŝƚŚ ŐŽͲƚŽͲŵĂƌŬĞƚ ƉůĂŶƐ͘ dŚĞ ŶĞĞĚ ĨŽƌ ŚŝŐŚĞƌ ƉƌŽĐĞƐƐ ƐƉĞĞĚ ǁĂƐ ĨƵƌƚŚĞƌ
ƵŶĚĞƌůŝŶĞĚďǇƚŚĞĨĂĐƚ;ƌĞǀĞĂůĞĚŝŶǁŽƌŬĚŽŶĞŝŶ ƐĞĐƚŝŽŶϯ͗ŵĂƌŬĞƚĂŶĂůǇƐŝƐͿƚŚĂƚŽŶĞŽĨƚŚĞůĂƌŐĞƐƚŽǀĞƌƐĞĂƐ
ŵĂƌŬĞƚƐǁĂƐƌĞŶĞǁŝŶŐŝƚƐůĞŐŝƐůĂƚŝŽŶ ƌĞůĂƚĞĚƚŽƚŚĞƉƌŽĚƵĐƚĐĂƚĞŐŽƌǇŝŶũƵƐƚϮ͘ϱǇĞĂƌƐǲƚŝŵĞĨƌŽŵƚŚĞƐƚĂƌƚŽĨ
ƚŚĞƉƌŽũĞĐƚ͘dŚĞĚĞůĂǇĞĚŝŶĚƵƐƚƌǇĐŽŶƚĂĐƚƐŵĞĂŶƚƚŚĂƚƚŚĞƐŽůƵƚŝŽŶŵŝƐƐĞƐƚŚĞĨŝƌƐƚǁĂǀĞŽĨŵĂƌŬĞƚĂĚŽƉƚŝŽŶ͘
dŽ ĂǀŽŝĚ ƚŚĞƐĞ ƉŝƚĨĂůůƐ͕ ƚŚĞ ƉĂƌƚǇ ƉŽƐƐĞƐƐŝŶŐ ƚŚĞ ƉƌŽƉƌŝĞƚĂƌǇ ŬŶŽǁůĞĚŐĞ ĐŽƵůĚ ŚĂǀĞ ƉŽƚĞŶƚŝĂůůǇ ƚƌŝĞĚ ƚŽ
ƐĂĨĞŐƵĂƌĚƚŚĞƵŶŝƋƵĞŬŶŽǁůĞĚŐĞďǇĐŽŶƚƌĂĐƚƵĂůŵĞĂŶƐ;ůĞƚƚĞƌŽĨŝŶƚĞŶƚ͕ŵĞŵŽƌĂŶĚƵŵŽĨƵŶĚĞƌƐƚĂŶĚŝŶŐ͕ŶŽŶͲ
ĚŝƐĐůŽƐƵƌĞĂŐƌĞĞŵĞŶƚ͕ĞƚĐ͘Ϳ͘
ϯ͘Ϯ ĂƐĞϮ͗>ŽƐƐŽĨ/WZĚƵĞƚŽŽǀĞƌƚƌƵƐƚ͕ŝ͘Ğ͘ũƵŵƉŝŶŐŽǀĞƌƉƌŽĐĞƐƐƐƚĞƉƐŝŶŬŶŽǁůĞĚŐĞĐƌĞĂƚŝŽŶ
dŚĞƐƵƉƉůŝĞƌŽĨĐŽŵƉŽŶĞŶƚƐƚŽƚŚĞƐƉĞĐŝĂůŝƐĞĚǁŽƌŬŝŶŐŵĂĐŚŝŶĞͬǀĞŚŝĐůĞŝŶĚƵƐƚƌǇǁĂƐĞŶŐĂŐĞĚŝŶĂůŽŶŐĞƌͲƚĞƌŵ
ĚĞǀĞůŽƉŵĞŶƚ ƉƌŽũĞĐƚ ǁŝƚŚ ƚŚĞŝƌ ŵĂŝŶ ĐƵƐƚŽŵĞƌ͘ dŽ ƚŚĞŝƌ ƐƵƌƉƌŝƐĞ͕ ǁŚĞŶ ƚŚĞ ƐƵƉƉůŝĞƌ ďĞŐĂŶ ƚŚĞ ŝŶƚĞƌŶĂů
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ƉƌĞƉĂƌĂƚŝŽŶĨŽƌƚŚĞƉĂƚĞŶƚŝŶŐƉƌŽĐĞƐƐĂŶĚƐƚĂƌƚĞĚƐĐƌĞĞŶŝŶŐĨŽƌĐŽŵƉĞƚŝŶŐƐŽůƵƚŝŽŶƐ͕ĂƉĂƚĞŶƚĂƉƉůŝĐĂƚŝŽŶŚĂĚ
ĂůƌĞĂĚǇďĞĞŶĨŝůĞĚĨŽƌƚŚĞũŽŝŶƚůǇĚĞǀĞůŽƉĞĚŝŶǀĞŶƚŝŽŶ͕ŝŶƚŚĞƐŽůĞŶĂŵĞŽĨƚŚĞĐƵƐƚŽŵĞƌ͘ůĂŝŵŝŶŐĂĨĂŝƌƐŚĂƌĞ
ŽĨƚŚĞƉĂƚĞƌŶŝƚǇƌŝŐŚƚƐĨŽƌƚŚĞŝŶŶŽǀĂƚŝŽŶǁĂƐŶŽƚƉŽƐƐŝďůĞǁŝƚŚŽƵƚƉƵƚƚŝŶŐƚŚĞ ŬĞǇĐƵƐƚŽŵĞƌƌĞůĂƚŝŽŶƐŚŝƉĨŽƌ
ƚŚĞŵĂŝŶƉƌŽĚƵĐƚůŝŶĞŽĨƚŚĞĐŽŵƉĂŶǇƵŶĚĞƌƐĞƌŝŽƵƐƐƚƌĂŝŶ͘^ŽĨŽƌŶŽǁ͕ƚŚĞƐƵƉƉůŝĞƌ͛ƐŬŶŽǁůĞĚŐĞŝƐĂƉƉůŝĐĂďůĞ
ŽŶůǇƚŽĂƉĂƌƚŽĨŝƚƐŵĂƌŬĞƚƉŽƚĞŶƚŝĂů͘
dŚŝƐĐĂƐĞƵŶĚĞƌůŝŶĞƐƚŚĞƌŽůĞŽĨĞĂƌůǇŝŶǀŽůǀĞŵĞŶƚŝŶƚŚĞƉƌŽĐĞƐƐǁŝƚŚĂŐƌĞĞŵĞŶƚƐĂŶĚĐůĞĂƌŐƵŝĚĞůŝŶĞƐǁŚĞŶ
ǁŽƌŬŝŶŐǁŝƚŚĞǆƚĞƌŶĂůŬŶŽǁůĞĚŐĞƌĞƐŽƵƌĐĞƐ͘ǀĞŶǁŚĞŶĂĐƚŝŶŐŝŶĂŶKƉĞŶ;Žƌ:ŽŝŶƚͿ/ŶŶŽǀĂƚŝŽŶĞŶǀŝƌŽŶŵĞŶƚ͕
ƚŚĞŽǁŶĞƌƐŚŝƉĐĂŶ͛ƚďĞĂĨƌĞĞĐĂƚĐŚƚŽƚŚĞŵŽƐƚĂŐŝůĞƉĂƌƚǇ͘ůůŝŶĂůů͕ƚŚĞƌĞŝƐĂƉŽǁĞƌĨƵůĐĂƐĞƚŽďĞŵĂĚĞĨŽƌ
ƐƚƌŽŶŐĐŽŶƚƌĂĐƚƵĂůĨƌĂŵĞǁŽƌŬŽŶŬŶŽǁůĞĚŐĞĐƌĞĂƚŝŽŶ͕ĚŝƐƐĞŵŝŶĂƚŝŽŶĂŶĚƉƌŽƚĞĐƚŝŽŶ͘
ϯ͘ϯ ĂƐĞϯ͗sĂůƵĞŽĨŵĞƚĂĐĂƉĂďŝůŝƚŝĞƐʹŬŶŽǁůĞĚŐĞŽŶŬŶŽǁůĞĚŐĞĂŶĚŝŶŶŽǀĂƚŝŽŶŽŶŝŶŶŽǀĂƚŝŽŶʹĐŽƌƉŽƌĂƚĞ
ĂĐƋƵŝƐŝƚŝŽŶƐŽĨŝŶŶŽǀĂƚŝŽŶƉƌŽĐĞƐƐĞǆƉĞƌƚŝƐĞƉƌŽǀŝĚĞƌƐ
ƌĞĐĞŶƚƉŚĞŶŽŵĞŶŽŶƌĞůĂƚĞĚƚŽŝŶŶŽǀĂƚŝǀĞŶĞƐƐĂŶĚŝŶŶŽǀĂƚŝŽŶĐĂƉĂďŝůŝƚŝĞƐŚĂƐďĞĞŶƚŚĞǁĂǀĞŽĨĐŽƌƉŽƌĂƚĞ
ĂĐƋƵŝƐŝƚŝŽŶƐ ďǇ ŵĂũŽƌ /d ƚĞĐŚŶŽůŽŐǇ ƉƌŽǀŝĚĞƌƐ ĂŶĚ ĐŽŶƐƵůƚŝŶŐ ĐŽŵƉĂŶŝĞƐ͕ ŝŶ ǁŚŝĐŚ ƚŚĞǇ ŚĂǀĞ ĨŽƌƚŝĨŝĞĚ ƚŚĞŝƌ
ŝŶŶŽǀĂƚŝŽŶƉƌŽĐĞƐƐŬŶŽǁůĞĚŐĞĐĂƉĂďŝůŝƚŝĞƐ͘/ŶϮϬϭϲ͕ĂŶ/ŶĚŝĂŶ/dŐŝĂŶƚĂĐƋƵŝƌĞĚĂĂŶŝƐŚŝŶŶŽǀĂƚŝŽŶĐŚĂŵƉŝŽŶ
Ăƚ Ă ƉƌŝĐĞ ƚŚĂƚ ǁĂƐ ƚŚƌĞĞĨŽůĚ ƚŽ ƚŚĞ ƐĂůĞƐ ƌĞǀĞŶƵĞ ŽĨ ƚŚĞ ĂĐƋƵŝƌĞĚ ĐŽŵƉĂŶǇ͘ dŚĞ ĂĐƋƵŝƌĞĚ ĐŽŵƉĂŶǇ ŚĂƐ ϵ
ƉĂƚĞŶƚƐ;ĂƐƌĞƚƌŝĞǀĞĚĨƌŽŵƚŚĞƐƉĂĐĞŶĞƚĚĂƚĂďĂƐĞϴ͘Ϯ͘ϮϬϭϵͿŝŶƚŚĞŝƌŽǁŶŶĂŵĞ͕ďƵƚƚŚŽƐĞƉĂƚĞŶƚƐŚĂǀĞůŝƚƚůĞ
ƚŽĚŽǁŝƚŚƚŚĞĐŽƌĞďƵƐŝŶĞƐƐŽĨƚŚĞĂĐƋƵŝƌĞƌ͘dŚĞ&ƌĞŶĐŚ/dͬĐŽŶĐůƵĚŝŶŐĐŽŶŐůŽŵĞƌĂƚĞ'ĂƉ'ĞŵŝŶŝ͕ŝŶŝƚƐƚƵƌŶ͕
ĂĐƋƵŝƌĞĚ ƚŚĞ &ŝŶŶŝƐŚͲŽƌŝŐŝŶĂƚĞĚ ŝŶŶŽǀĂƚŝŽŶ ƉƌŽĐĞƐƐ ĐŚĂŵƉŝŽŶ /ĚĞĂŶ ŶƚĞƌƉƌŝƐĞƐ Ăƚ ĂŶ ĞƐƚŝŵĂƚĞĚ ƉƌŝĐĞ ŽĨ ϳϱ
ŵŝůůŝŽŶĞƵƌŽƐ͕ǁŚŝĐŚĞƋƵĂůƐĂďŽƵƚƚĞŶĨŽůĚƚŚĞƐĂůĞƐƌĞǀĞŶƵĞŽĨƚŚĞůĂƚƚĞƌ;dĂůŽƵƐĞůćŵć;͞ƵƐŝŶĞƐƐ>ŝĨĞ͟Ϳ͕ϮϬϭϴͿ͘
dŚŽƵŐŚ/ĚĞĂŶŚĂƐũƵƐƚϮƉĂƚĞŶƚƐŐƌĂŶƚĞĚŝŶŝƚƐŶĂŵĞ͕ŝƚƉŽƐƐĞƐƐĞƐŝŶŶŽǀĂƚŝŽŶĂŶĚĚĞƐŝŐŶƉƌŽĐĞƐƐĞǆƉĞƌƚŝƐĞǁŝƚŚ
ĂŐůŽďĂůĐƵƐƚŽŵĞƌďĂƐĞ͘
dŚĞ ƌĂƚŝŽŶĂůĞ ŽĨ ƚŚĞ ůĂƚƚĞƌ ĂĐƋƵŝƐŝƚŝŽŶ ǁĂƐ ĂĐĐŽƌĚŝŶŐ ƚŽ ƚŚĞ ďƵǇŝŶŐ ƉĂƌƚǇ ƚŚĂƚ ͞ĐƵƐƚŽŵĞƌ ĚĞŵĂŶĚ ŝƐ ƐŚŝĨƚŝŶŐ͖
ƐĞƌǀŝĐĞ ƉƌŽǀŝĚĞƌƐ ǁŚŽ ďƌŝŶŐ ĚŝŐŝƚĂů ĚĞƐŝŐŶ͕ ĐƌĞĂƚŝǀŝƚǇ͕ ĂŶĚ ĂŐŝůŝƚǇ ƚŽ ƌĞĚĞĨŝŶĞ ƚŚĞ ĐƵƐƚŽŵĞƌ ĞǆƉĞƌŝĞŶĐĞ ĂƌĞ
ĚĞǀĞůŽƉŝŶŐ Ă ƐƚƌĂƚĞŐŝĐ ĚŝĂůŽŐƵĞ ǁŝƚŚ ƚŚĞŝƌ ĐůŝĞŶƚƐ͕ ĚƌŝǀŝŶŐ ƵŶŝƋƵĞůǇ ĚŝĨĨĞƌĞŶƚŝĂƚĞĚ ŽƵƚĐŽŵĞƐ͟ ;ĂƉ'ĞŵŝŶŝ͕
ϮϬϭϴͿ͘
ϯ͘ϰ ^ƵŵŵĂƌǇŽĨƚŚĞĐĂƐĞĞǆĂŵƉůĞƐ
dŚĞ ĐĂƐĞƐ ƉƌĞƐĞŶƚĞĚ ĂŶĚ ĂŶĂůǇƐĞĚ ĂďŽǀĞ ĚŝĨĨĞƌ ŝŶ ƚŚĞ ŝŶĚƵƐƚƌŝĞƐ ǁŚĞƌĞ ƚŚĞǇ ŽĐĐƵƌ ĂŶĚ ŝŶ ƚŚĞ ƐŝǌĞ ŽĨ ƚŚĞ
ĐŽŵƉĂŶŝĞƐŝŶǀŽůǀĞĚ͘^ƚŝůů͕ƚŚĞǇƉŽŝŶƚŽƵƚƚŚĞƐĂŵĞĚŝůĞŵŵĂƐ ĂƐ ƚŚĞůŝƚĞƌĂƚƵƌĞƌĞǀŝĞǁ;ŚĂƉƚĞƌϮͿ͕ŶĂŵĞůǇ
ƚŚĂƚƚŚĞďĂůĂŶĐĞŽĨĐůŽƐŝŶŐǀƐ͘ĚŝƐĐůŽƐŝŶŐŝŶĨŽƌŵĂƚŝŽŶĂŶĚƚŚĞƉƌĂĐƚŝĐĂůĂĐƚŝŽŶƚŽŵĂŝŶƚĂŝŶƚŚĂƚ ďĂůĂŶĐĞŝƐĂ
ĚĞůŝĐĂƚĞ ĂĐƚ͘ KǀĞƌƚƌƵƐƚŝŶŐ ƚŚĞ ĨĂŝƌŶĞƐƐ ŽĨ ŝŶŶŽǀĂƚŝŽŶ ƉĂƌƚŶĞƌƐ ĐĂŶ ůĞĂĚ ƚŽ ƚŚĞ ůŽƐƐ ŽĨ /WZ ĂŶĚ ŚƵƌƚ ĨƵƚƵƌĞ
ďƵƐŝŶĞƐƐǀĂůƵĞ͘KŶƚŚĞŽƚŚĞƌŚĂŶĚ͕ĨĞĂƌ͕ůĂĐŬŽĨƚƌƵƐƚĂŶĚͬŽƌůĂĐŬŽĨĐŽŶƚƌĂĐƚƵĂůĂŶĚƉƌĂĐƚŝĐĂůǁĂǇƐƚŽĂůůŽǁ
Ă ĐĞƌƚĂŝŶ ůĞǀĞů ŽĨ ŝŶĨŽƌŵĂƚŝŽŶ ĚŝƐĐůŽƐƵƌĞ ŝŶ ďƵƐŝŶĞƐƐ ƌĞůĂƚŝŽŶƐŚŝƉƐ ĐĂŶ ůĞĂĚ ƚŽ ŵŝƐƐŝŶŐ ƚŚĞ ŵĂƌŬĞƚ
ŽƉƉŽƌƚƵŶŝƚǇ ĞŶƚŝƌĞůǇ ĂŶĚ ƌĞŶĚĞƌ ƚŚĞ ŬŶŽǁůĞĚŐĞ ŽďƐŽůĞƚĞ͘ dŚĞ ĨŽĐƵƐ ŽŶ ŝŶŶŽǀĂƚŝŽŶ ƉƌŽĐĞƐƐĞƐ ŝŶƐƚĞĂĚ ŽĨ
ƚŚĞŝƌƚĂŶŐŝďůĞƌĞƐƵůƚƐŝƐĂůƐŽŐĂŝŶŝŶŐŝŶĐƌĞĂƐŝŶŐŝŶƚĞƌĞƐƚĂŶĚďƵƐŝŶĞƐƐǀĂůƵĞ͘
/ŶƚŚĞƚŚƌĞĞƵŶŝƋƵĞĐĂƐĞƐŚĂƉƉĞŶŝŶŐĚƵƌŝŶŐĂŽŶĞǇĞĂƌƚŝŵĞƐƉĂŶŝŶƐŝĚĞŽŶĞůŽĐĂůŝŶŶŽǀĂƚŝŽŶĞŶǀŝƌŽŶŵĞŶƚ
ŝŶ &ŝŶůĂŶĚ͕ ďŽƚŚ ƐŝŵŝůĂƌŝƚŝĞƐ ĂŶĚ ĚŝĨĨĞƌĞŶĐĞƐ ŝŶ ƉƌĞƐĞŶĐĞ ĂŶĚ ŝŵƉĂĐƚ ŽĨ ĚŝĨĨĞƌĞŶƚ /ŶƚĞůůĞĐƚƵĂů ĂƉŝƚĂů
ĐŽŶƐŝƚƵĞŶƚƐĂŶĚĚƌŝǀŝŶŐĨŽƌĐĞƐŐŽƚĚĞŵŽŶƐƚƌĂƚĞĚ͕ĂƐƚŚĞƐƵŵŵĂƌǇƚĂďůĞϭďĞůŽǁƐŚŽǁƐ͘
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dĂďůĞϭ͗^ƵŵŵĂƌǇŽĨƚŚĞĐĂƐĞĂŶĂůǇƐŝƐ

ϰ͘ ŽŶĐůƵƐŝŽŶƐĂŶĚĚŝƐĐƵƐƐŝŽŶ
dŚŝƐ ƉĂƉĞƌ ŚŝŐŚůŝŐŚƚƐ ƚŚĞ ƐŚŝĨƚ ŚĂƉƉĞŶŝŶŐ ŝŶ ƚŚĞ ƐƉŚĞƌĞ ŽĨ ŬŶŽǁůĞĚŐĞ ŵĂŶĂŐĞŵĞŶƚ͘ dŚĞ ŶĞǁ ŝŶŶŽǀĂƚŝŽŶ
ĞŶǀŝƌŽŶŵĞŶƚƌĞƋƵŝƌĞƐĨƌĞƐŚĂŶŐůĞƐƚŽĨŝƌŵƐǲŝŶŶŽǀĂƚŝŽŶĐĂƉĂďŝůŝƚŝĞƐĂŶĚƉƌĂĐƚŝĐĞƐ͘ ƵƌƌĞŶƚĚĞǀĞůŽƉŵĞŶƚŝƐĂŶ
ĞǆƚĞŶƐŝŽŶƚŽƚŚĞĐŽŶƚŝŶƵƵŵǁŚĞƌĞƚŚĞƐƵĐĐĞƐƐƉƌŽďĂďŝůŝƚŝĞƐĨŽƌŝŶĚŝǀŝĚƵĂůŝŶŶŽǀĂƚŝŽŶƐĂƌĞůŽǁ͕ĐŽŵƉĞƚŝƚŝŽŶĨŽƌ
Ă ŵĂƌŬĞƚͲĐĂƉĂďůĞ ƐŽůƵƚŝŽŶ ŝƐ ŝŶƚĞŶƐĞ ĂŶĚ ƐŚŝĨƚƐ ďŽƚŚ ŝŶ ĐƵƐƚŽŵĞƌ ĚĞŵĂŶĚƐ ;ƉƵůůͿ ĂŶĚ ƐƵƉƉůŝĞƌǲƐ ĐĂƉĂďŝůŝƚŝĞƐ
;ƉƵƐŚͿ ĂƌĞ ĨƌĞƋƵĞŶƚ ĂŶĚ ĐŚĂŶŐĞ ƐƉĞĞĚƐ ĂƌĞ ĂĐĐĞůĞƌĂƚŝŶŐ͘ dŚĞ ĐƵƌƌĞŶƚ ĐůŽĐŬ ƐƉĞĞĚ ŽĨ ĞǀŽůƵƚŝŽŶ ĂŶĚ ƚŚĞ
ĐŽŵƉŽŶĞŶƚƐ ĐŽŶƚƌŝďƵƚŝŶŐ ƚŽ ŝƚ ;ƚĞĐŚŶŽůŽŐŝĐĂů ĂĚǀĂŶĐĞ͕ ŚǇƉĞƌĐŽŵƉĞƚŝƚŝŽŶ ĂŶĚ ƐŚŽƌƚĞŶŝŶŐ ǁŝŶĚŽǁƐ ŽĨ
ŽƉƉŽƌƚƵŶŝƚǇͿĂƌĞĐĂƵƐŝŶŐĐŚĂůůĞŶŐĞƐƚŽĞƐƉĞĐŝĂůůǇŶŽǀĞůĂŶĚƌĞƐŽƵƌĐĞͲĐŽŶƐƚƌĂŝŶĞĚĨŝƌŵƐƚŽĞŶŐĂŐĞŝŶƚŽĨŽƌŵĂů
/WƉƌŽĐĞƐƐĞƐ͘dŚĞǇŶĞĞĚƚŽƐĞƌŝŽƵƐůǇĂƐƐĞƐƐƚŚĞŝƌƌĞƐŽƵƌĐĞƐĂŶĚĐĂƉĂďŝůŝƚŝĞƐĂƐǁĞůůĂƐƚŚĞďƵƐŝŶĞƐƐǀŝĂďŝůŝƚǇŽĨ
ƚŚĞƚƌĂĚŝƚŝŽŶĂůĨŽƌŵĂů/WƉƌŽĐĞƐƐĞƐǁŝƚŚůŽŶŐůĞĂĚƚŝŵĞƐĂŶĚŚŝŐŚƵŶĐĞƌƚĂŝŶƚǇ͘
/Ŷ ƚŚĞ ŶĞǁ ƉĂƌĂĚŝŐŵ͕ ƚŚĞ ŵŽĚƵƐ ŽƉĞƌĂŶĚŝ ůĞĂŶƐ ƚŽǁĂƌĚƐ Ăƚ ůĞĂƐƚ ƚǁŽ ĚŝƌĞĐƚŝŽŶƐ ƚŚĂƚ ĂƉƉĞĂƌ ƚŽ ďĞ ƉĂƌƚŝĂů
ƌĞƐƵƌƌĞĐƚŝŽŶƐ ŽĨ ŽůĚ ƉƌĂĐƚŝĐĞƐ͘ dŚĞ ĨŝƌƐƚ ĚŝƌĞĐƚŝŽŶ ŝƐ Ă ƐƚĞƉ ďĂĐŬ ĨƌŽŵ ƚŚĞ ǁŝĚĞůǇ ƉŽƉƵůĂƌŝƐĞĚ ƉŚŝůŽƐŽƉŚǇ ĂŶĚ
ƉƌĂĐƚŝĐĞŽĨŽƉĞŶŝŶŶŽǀĂƚŝŽŶ͘/ŶŚŝƐƐƚƌĞĂŵŽĨĚĞǀĞůŽƉŵĞŶƚĨŝƌŵƐĚĞƉůŽǇƉŽůŝĐŝĞƐĂŶĚƉƌĂĐƚŝĐĞƐǁŚĞƌĞ͕ďǇŵĞĂŶƐ
ŽĨĐŽŶƚƌĂĐƚƵĂůŬŶŽǁůĞĚŐĞĂƌƚĞĨĂĐƚƐƐƵĐŚĂƐDŽhƐĂŶĚ>Ž/Ɛ͕ƚŚĞƉƌŽĐĞƐƐůĞĂǀĞƐƌŽŽŵĨŽƌũŽŝŶƚ͕ĐŽŶƚŝŶƵŽƵƐĂŶĚ͕
ƚŽĂĐĞƌƚĂŝŶĞǆƚĞŶƚ͕ŶŽŶͲĚĞƐƚŝŶĞĚŝŶŶŽǀĂƚŝŽŶ͘^ŝŵƵůƚĂŶĞŽƵƐůǇ͕ƚŚĞƉƌŽĐĞƐƐƐĂĨĞŐƵĂƌĚƐĞĂĐŚƉĂƌƚŝĞƐ͛ƉƌŽƉƌŝĞƚĂƌǇ
ƌŝŐŚƚƐĨŽƌ/WĂŶĚŝŶƉƵƚƚŽƚŚĞŵƵůƚŝƉĂƌƚǇƉƌŽĐĞƐƐ͘
^ĞĐŽŶĚůǇ͕ƚŚĞŝŵƉŽƌƚĂŶĐĞŽĨŝŶŶŽǀĂƚŝŽŶƉƌŽĐĞƐƐĞƐƉĞƌƐĞ͕ĂĐŽŶƐƚĂŶƚĨůƵǆŽĨŶĞǁŝĚĞĂƐƐƵďũĞĐƚĞĚƚŽƚĞƐƚŝŶŐĂŶĚ
ĂŶĂůǇƐĞƐ͕ŝƐŚŝŐŚůǇǀĂůƵĞĚ͘dŚĞĐŽŶĐĞƉƚŽĨŬŶŽǁŚŽǁŚĂƐďĞĞŶĚŽƌŵĂŶƚĨŽƌƐŽŵĞƚŝŵĞʹƚŚĞŶƵŵďĞƌŽĨƐĐŚŽůĂƌůǇ
ĂƌƚŝĐůĞƐĐŽŶƚĂŝŶŝŶŐƚŚĞǁŽƌĚ͚ŬŶŽǁŚŽǁ͛ŝŶƚŚĞƚŝƚůĞŚĂƐďĞĞŶũƵƐƚϱͲϭϱĂŶŶƵĂůůǇƚŚƌŽƵŐŚŽƵƚƚŚĞϮϬϬϬƐ͘WĂƌƚůǇ͕
ƚŚŝƐŵĂǇďĞĚƵĞƚŽƚŚĞĞǀŽůƵƚŝŽŶŽĨŶĞǁƚĞƌŵƐƐƵĐŚĂƐƉƌŽĐĞƐƐŬŶŽǁůĞĚŐĞ͘ŶŽƚŚĞƌƌĞĂƐŽŶŵĂǇďĞĂĨƵƌƚŚĞƌ
ĚŝǀŝƐŝŽŶŽĨƚŚĞŽƌŝŐŝŶĂůƚĞƌŵƚŽŶĞǁĐŽŶĐĞƉƚƐƐƵĐŚĂƐŬŶŽǁͲǁŚŽ͕ŬŶŽǁͲǁŚĞƌĞ͕ĞƚĐ͘;^ŝŵŽŶĞ͕ϮϬϭϭͿ͘ĂƐĞĚŽŶ
ŽƵƌŽďƐĞƌǀĂƚŝŽŶƐ͕ŬŶŽǁŚŽǁƐĞĞŵƐƚŽďĞƌĞŐĂŝŶŝŶŐƐƚƌĞŶŐƚŚďĂĐŬĨƌŽŵƚŚĞ͚ŬŶŽǁͲǁŚĂƚ͛ŵŝŶĚƐĞƚŽĨŝŶŶŽǀĂƚŝŽŶ
ŵĂŶĂŐĞŵĞŶƚ͘ dŚĞ ŵŽĚĞƌŶ ŬŶŽǁŚŽǁ ŝƐ ƐĞĞŶ ĂƐ ĂŶ ŝŶƚĞƌŶĂůůǇ ĂŶĚ ĞǆƚĞƌŶĂůůǇ ũŽŝŶƚ ĞĨĨŽƌƚ͘ ,ŽǁĞǀĞƌ͕ ƚŚĞ
ĂĚǀĂŶƚĂŐĞƐ ŽĨ ŬŶŽǁůĞĚŐĞ ƉŽŽůŝŶŐ ǁŝƚŚ ƉĂƌƚŶĞƌƐ ŶĞĞĚ ƚŽ ďĞ ďĂůĂŶĐĞĚ ǁŝƚŚ ƚŚĞ ƌŝƐŬƐ ŽŶ ƉƌŽƉƌŝĞƚĂƌŝŶĞƐƐ ŽĨ
ŬŶŽǁůĞĚŐĞ͘
tĞƉƌŽƉŽƐĞƚŚĂƚĨŝƌŵƐŶĞĞĚƚŽŽƉĞƌĂƚĞŽŶŵƵůƚŝƉůĞĨƌŽŶƚƐŽĨŝŶƚĞůůĞĐƚƵĂůĐĂƉŝƚĂů ŝŶŽƌĚĞƌƚŽĨƵůůǇĞǆƉůŽŝƚƚŚĞŝƌ
ŬŶŽǁůĞĚŐĞĂƐƐĞƚƐ͘ dŚĞůĞǀĞůƐ ŽŶǁŚŝĐŚ Ă ĐŽŵƉĂŶǇŝƐŝŶĚŝĨĨĞƌĞŶƚ ƐƵďĂƌĞĂƐŽĨŝŶƚĞůůĞĐƚƵĂůĐĂƉŝƚĂů;/ͿŚĂǀĞĂŶ
ĞĨĨĞĐƚŽŶŽƉĞƌĂƚŝŽŶĂůŵŽĚĞƐŝƚĐĂŶĂƉƉůǇ͘ŶĚƌĞĐŝƉƌŽĐĂůůǇ͕ƚŚĞĚŝĨĨĞƌĞŶƚ/WĂĐƚŝŽŶƐƉĞƌĨŽƌŵĞĚŚĂǀĞĂĚŝĨĨĞƌŝŶŐ
ŝŵƉĂĐƚŽŶ/͘dŚĞĐƵƌƌĞŶƚĨŽƌŵĂů/WƉƌŽĐĞƐƐĞƐĂƌĞƐƚŝůůĂŶŽƉƚŝŽŶ;ǁŝƚŚƚŚĞŝƌĂĚǀĂŶƚĂŐĞƐĂŶĚĚŝƐĂĚǀĂŶƚĂŐĞƐͿĨŽƌ
ŐƌŽǁƚŚͲƐĞĞŬŝŶŐŝŶŶŽǀĂƚŝǀĞĐŽŵƉĂŶŝĞƐ͕ďƵƚĐŽŵƉĂŶŝĞƐƐĞĂƌĐŚĂŶĚƉƌĂĐƚŝĐĞĂůƌĞĂĚǇĂůƚĞƌŶĂƚŝǀĞǁĂǇƐ͘
dŚŝƐ ƉĂƉĞƌ ĂŝŵĞĚ ƚŽ ƉƌĞƐĞŶƚ Ă ĐŽŶĐĞƉƚƵĂů ŽǀĞƌǀŝĞǁ ǁŝƚŚ ĐĂƐĞƐ ĐŚŽƐĞŶ ĂƐ ĞǆĂŵƉůĞƐ ƚŽ ůŝŶŬ ƚŚĞ ĐŽŶĐĞƉƚƵĂů
ĐŽŶƐŝĚĞƌĂƚŝŽŶƐĐůŽƐĞƌƚŽƉƌĂĐƚŝĐĞ͘&ƵƌƚŚĞƌƌĞƐĞĂƌĐŚǁŝƚŚĂǁŝĚĞƌƐĂŵƉůĞ͕ĚĞĞƉĞƌĚĂƚĂĂŶĚĂƵŶŝĨŝĞĚƉƌĂĐƚŝĐĞŽĨ
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:ƵŚĂ^ĂƵŬŬŽŶĞŶ͕DĂƵŶŽ,ĂƌũƵĂŶĚWŝĂ<ƌĞƵƐ

ĂƉƉƌŽĂĐŚŝŶŐ ĐĂƐĞƐ ŝƐ ŶĞĞĚĞĚ͘ /Ŷ ďƵƐŝŶĞƐƐ͕ ĞǀĞƌǇƚŚŝŶŐ ďŽŝůƐ ĚŽǁŶ ƚŽ ďƵƐŝŶĞƐƐ ǀŝĂďŝůŝƚǇ͕ ŝ͘Ğ͘ ůŽŶŐͲƚĞƌŵ ǀĂůƵĞ
ĐƌĞĂƚŝŽŶ͘dŽĂĐŚŝĞǀĞƚŚĂƚ͕ƌĞƐĞĂƌĐŚƐŚŽƵůĚĂůƐŽůŽŶŐŝƚƵĚŝŶĂůůǇĂƉƉƌŽĂĐŚƚŚĞƚŽƉŝĐƚŽƐĞĞƚŚĞĨƵůůďƵƐŝŶĞƐƐĞĨĨĞĐƚ
ŽĨĚŝĨĨĞƌĞŶƚƐƚƌĂƚĞŐŝĞƐŝŶ/WƉŽůŝĐŝĞƐĂŶĚƉƌŽĐĞƐƐĞƐ͘

ZĞĨĞƌĞŶĐĞƐ
ŬƌŽǇĚ͕͕͘EƌĂǇĂŶ͕^͘ĂŶĚ^ƌŝĚŚĂƌĂŶ͕s͘'͘;ϮϬϬϵͿ͕͞dŚĞƵƐĞŽĨĐŽŶƚƌŽůƐǇƐƚĞŵƐŝŶŶĞǁƉƌŽĚƵĐƚĚĞǀĞůŽƉŵĞŶƚŝŶŶŽǀĂƚŝŽŶ͗
ĂĚǀĂŶĐŝŶŐƚŚĞ͞ŚĞůƉŽƌŚŝŶĚĞƌ͟ĚĞďĂƚĞ͕͟dŚĞ/hW:ŽƵƌŶĂůŽĨ<ŶŽǁůĞĚŐĞDĂŶĂŐĞŵĞŶƚ͕sŽů͘ϴEŽ͘ϱ͕ƉƉ͘ϳϬͲϵϬ
ĨŽŶƐŽ͕W͕͘EƵŶĞƐ͕D͕͘WĂŝƐĂŶĂ͕͘ΘƌĂŐĂ͕͘;ϮϬϬϴͿ͘dŚĞŝŶĨůƵĞŶĐĞŽĨƚŝŵĞͲƚŽͲŵĂƌŬĞƚĂŶĚƚĂƌŐĞƚĐŽƐƚŝŶŐŝŶƚŚĞŶĞǁ
ƉƌŽĚƵĐƚĚĞǀĞůŽƉŵĞŶƚƐƵĐĐĞƐƐ͘/ŶƚĞƌŶĂƚŝŽŶĂů:ŽƵƌŶĂůŽĨWƌŽĚƵĐƚŝŽŶĐŽŶŽŵŝĐƐ͕ϭϭϱ;ϮͿ͕ϱϱϵͲϱϲϴ͘
ŶƚŚŽŶǇ͕D͘d͘ΘDĐ<ĂǇ͕:͘;ϭϵϵϮͿ͘&ƌŽŵĞǆƉĞƌŝĞŶĐĞ͗ďĂůĂŶĐŝŶŐƚŚĞƉƌŽĚƵĐƚĚĞǀĞůŽƉŵĞŶƚƉƌŽĐĞƐƐ͗ĂĐŚŝĞǀŝŶŐƉƌŽĚƵĐƚĂŶĚ
ĐǇĐůĞͲƚŝŵĞĞǆĐĞůůĞŶĐĞŝŶŚŝŐŚͲƚĞĐŚŶŽůŽŐǇŝŶĚƵƐƚƌŝĞƐ͘:ŽƵƌŶĂůŽĨWƌŽĚƵĐƚ/ŶŶŽǀĂƚŝŽŶDĂŶĂŐĞŵĞŶƚ͕ϵ;ϮͿ͕ϭϰϬͲϭϰϳ͘
ƌŽƌĂ͕͕͘&ŽƐĨƵƌŝ͕͘ĂŶĚ'ĂŵďĂƌĚĞůůĂ͕͘;ϮϬϬϭͿDĂƌŬĞƚƐĨŽƌdĞĐŚŶŽůŽŐǇ͗dŚĞĐŽŶŽŵŝĐƐŽĨ/ŶŶŽǀĂƚŝŽŶĂŶĚŽƌƉŽƌĂƚĞ
^ƚƌĂƚĞŐǇ͘ĂŵďƌŝĚŐĞ͕DĂƐƐ͗D/dWƌĞƐƐ͘
ƚůĂƐ͕͘;ϮϬϭϮͿ͘>ĞƚƚĞƌŽĨ/ŶƚĞŶƚĨŽƌƚŚĞWŚĂƐĞͲ//hƉŐƌĂĚĞŽĨƚŚĞd>^ǆƉĞƌŝŵĞŶƚ;EŽ͘ZEͲ>,ͲϮϬϭϮͲϬϮϮͿ͘
ĂůĚƵƐ͕K͘Θ,ĞĐŬŵĂŶŶ͕͘;ϮϬϭϲͿ͘/ŶĐƌĞĂƐŝŶŐWƌŽĨŝƚƐďǇ^ƚƌĂƚĞŐŝĐWĂƚĞŶƚŝŶŐͶŚĂŶŐĞŽĨWĞƌƐƉĞĐƚŝǀĞĨƌŽŵŽƚƚŽŵʹhƉƚŽ
dŽƉͲŽǁŶ͘ŵĞƌŝĐĂŶ:ŽƵƌŶĂůŽĨ/ŶĚƵƐƚƌŝĂůĂŶĚƵƐŝŶĞƐƐDĂŶĂŐĞŵĞŶƚ͕ϲ;ϬϵͿ͕ϵϱϴ͘
ĂŶƵ'ŽŬƚĂŶ͕͘ΘDŝůĞƐ͕'͘;ϮϬϭϭͿ͘/ŶŶŽǀĂƚŝŽŶƐƉĞĞĚĂŶĚƌĂĚŝĐĂůŶĞƐƐ͗ĂƌĞƚŚĞǇŝŶǀĞƌƐĞůǇƌĞůĂƚĞĚ͍DĂŶĂŐĞŵĞŶƚ
ĞĐŝƐŝŽŶ͕ϰϵ;ϰͿ͕ϱϯϯͲϱϰϳ͘
ůĂŶŬ͕^͘&ŽƵƌ^ƚĞƉƐƚŽƚŚĞƉŝƉŚĂŶǇ͕ĂĨĞƉƌĞƐƐ͘ĐŽŵ;&Ğďϭ͕ϮϬϬϱͿ͘
ůĂŶŬ͕^͘ΘEĞǁĞůů͕W͘;ϮϬϭϳͿ͘tŚĂƚǇŽƵƌŝŶŶŽǀĂƚŝŽŶƉƌŽĐĞƐƐƐŚŽƵůĚůŽŽŬůŝŬĞ͘,ĂƌǀĂƌĚƵƐŝŶĞƐƐZĞǀŝĞǁ͘
ƵĐŬůĞǇ͕W͘:͘ΘsĞƌďĞŬĞ͕͘;ϮϬϭϲͿ͘^ŵŝůŝŶŐĂŶĚĐƌǇŝŶŐĐƵƌǀĞƐŝŶŝŶƚĞƌŶĂƚŝŽŶĂůďƵƐŝŶĞƐƐ͘/ŶƚĞƌŶĂƚŝŽŶĂůƵƐŝŶĞƐƐZĞǀŝĞǁ͕Ϯϱ͗
ϳϰϵʹϳϱϮ͘
ĂƉ'ĞŵŝŶŝ;ϮϬϭϴͿ͗ĂƉ'ĞŵŝŶŝƐƚƌĞŶŐƚŚĞŶƐŝƚƐĚŝŐŝƚĂůůĞĂĚĞƌƐŚŝƉǁŝƚŚƚŚĞĂĐƋƵŝƐŝƚŝŽŶŽĨ/ĚĞĂŶ͘ĐĐĞƐƐŝďůĞŽŶůŝŶĞ͗
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ĐĂƉŐĞŵŝŶŝ͘ĐŽŵͬŶĞǁƐͬĐĂƉŐĞŵŝŶŝͲƐƚƌĞŶŐƚŚĞŶƐͲŝƚƐͲĚŝŐŝƚĂůͲůĞĂĚĞƌƐŚŝƉͲǁŝƚŚͲƚŚĞͲĂĐƋƵŝƐŝƚŝŽŶͲŽĨͲŝĚĞĂŶͬ
ZĞƚƌŝĞǀĞĚϭϲ͘ϭ͘ϮϬϭϵ
ŚĞƐďƌŽƵŐŚ͕,͘;ϮϬϬϲͿ͘KƉĞŶďƵƐŝŶĞƐƐŵŽĚĞůƐ͗,ŽǁƚŽƚŚƌŝǀĞŝŶƚŚĞŶĞǁŝŶŶŽǀĂƚŝŽŶůĂŶĚƐĐĂƉĞ͘,ĂƌǀĂƌĚƵƐŝŶĞƐƐWƌĞƐƐ͘
ĞZĂƐƐĞŶĨŽƐƐĞ͕'͕͘WĂůĂŶŐŬĂƌĂǇĂ͕͘ΘtĞďƐƚĞƌ͕͘;ϮϬϭϲͿ͘tŚǇĚŽƉĂƚĞŶƚƐĨĂĐŝůŝƚĂƚĞƚƌĂĚĞŝŶƚĞĐŚŶŽůŽŐǇ͍dĞƐƚŝŶŐƚŚĞ
ĚŝƐĐůŽƐƵƌĞĂŶĚĂƉƉƌŽƉƌŝĂƚŝŽŶĞĨĨĞĐƚƐ͘ZĞƐĞĂƌĐŚWŽůŝĐǇ͕ϰϱ;ϳͿ͕ϭϯϮϲͲϭϯϯϲ͘
ƵŶƉŚǇ͕^͘D͕͘,ĞƌďŝŐ͕W͘Z͘Θ,ŽǁĞƐ͕D͘͘;ϭϵϵϲͿ͘dŚĞŝŶŶŽǀĂƚŝŽŶĨƵŶŶĞů͘dĞĐŚŶŽůŽŐŝĐĂů&ŽƌĞĐĂƐƚŝŶŐĂŶĚ^ŽĐŝĂůŚĂŶŐĞ͕
ϱϯ;ϯͿ͕ϮϳϵͲϮϵϮ͘
ƵƚƚĂ͕͘<͘Θ,ŽƌĂ͕D͘;ϮϬϭϳͿ͘&ƌŽŵ/ŶǀĞŶƚŝŽŶ^ƵĐĐĞƐƐƚŽŽŵŵĞƌĐŝĂůŝǌĂƚŝŽŶ^ƵĐĐĞƐƐ͗dĞĐŚŶŽůŽŐǇsĞŶƚƵƌĞƐĂŶĚƚŚĞ
ĞŶĞĨŝƚƐŽĨhƉƐƚƌĞĂŵĂŶĚŽǁŶƐƚƌĞĂŵ^ƵƉƉůǇͲŚĂŝŶůůŝĂŶĐĞƐ͘:ŽƵƌŶĂůŽĨ^ŵĂůůƵƐŝŶĞƐƐDĂŶĂŐĞŵĞŶƚ͕ϱϱ;ϮͿ͕ϮϭϲͲϮϯϱ͘
ĚǀŝŶƐƐŽŶ͕>͘ΘDĂůŽŶĞ͕D͘;ϭϵϵϳͿ͕/ŶƚĞůůĞĐƚƵĂůĂƉŝƚĂů͗ZĞĂůŝƐŝŶŐzŽƵƌŽŵƉĂŶǇ͛ƐdƌƵĞsĂůƵĞďǇ&ŝŶĚŝŶŐ/ƚƐ,ŝĚĚĞŶ
ƌĂŝŶƉŽǁĞƌ͕,ĂƌƉĞƌŽůůŝŶƐ͕EĞǁzŽƌŬ͕Ez͘
ŝƐĞŶŚĂƌĚƚ͕<͘D͘ΘdĂďƌŝǌŝ͕͘E͘;ϭϵϵϱͿ͕͞ĐĐĞůĞƌĂƚŝŶŐĂĚĂƉƚŝǀĞƉƌŽĐĞƐƐĞƐ͗ƉƌŽĚƵĐƚŝŶŶŽǀĂƚŝŽŶŝŶƚŚĞŐůŽďĂůĐŽŵƉƵƚĞƌ
ŝŶĚƵƐƚƌǇ͕͟ĚŵŝŶŝƐƚƌĂƚŝǀĞ^ĐŝĞŶĐĞYƵĂƌƚĞƌůǇ͕sŽů͘ϰϬ͕ƉƉ͘
ƌŝŬƐŽŶ͕d͘;ϮϬϬϮͿ͕͞ŶƚƌĞƉƌĞŶĞƵƌŝĂůĐĂƉŝƚĂů͗ƚŚĞĞŵĞƌŐŝŶŐǀĞŶƚƵƌĞ͛ƐŵŽƐƚŝŵƉŽƌƚĂŶƚĂƐƐĞƚĂŶĚĐŽŵƉĞƚŝƚŝǀĞĂĚǀĂŶƚĂŐĞ͕͟
:ŽƵƌŶĂůŽĨƵƐŝŶĞƐƐsĞŶƚƵƌŝŶŐ͕sŽů͘ϭϳEŽ͘ϯ͕ƉƉ͘ϮϳϱͲϮϵϬ͘
&ĞŶŶ͕:͗͘;ϮϬϭϭͿ'ĂƌƚŶĞƌΖƐϮϬϭϭ,ǇƉĞǇĐůĞ^ƉĞĐŝĂůZĞƉŽƌƚǀĂůƵĂƚĞƐƚŚĞDĂƚƵƌŝƚǇŽĨϭ͕ϵϬϬdĞĐŚŶŽůŽŐŝĞƐ͘ĐĐĞƐƐŝďůĞŽŶůŝŶĞ
Ăƚ͗ŚƚƚƉ͗ͬͬǁǁǁ͘ŐĂƌƚŶĞƌ͘ĐŽŵͬŶĞǁƐƌŽŽŵͬŝĚͬϭϳϲϯϴϭϰ;ϭϬ͘ϴ͘ϮϬϭϮͿ
&Ğƌƌŝ͕^͕͘&ŝŽƌĞŶƚŝŶŽ͕Z͕͘WĂƌŵĞŶƚŽůĂ͕͘Θ^ĂƉŝŽ͕͘;ϮϬϭϵͿ͘WĂƚĞŶƚŝŶŐŽƌŶŽƚ͍dŚĞĚŝůĞŵŵĂŽĨĂĐĂĚĞŵŝĐƐƉŝŶͲŽĨĨĨŽƵŶĚĞƌƐ͘
ƵƐŝŶĞƐƐWƌŽĐĞƐƐDĂŶĂŐĞŵĞŶƚ:ŽƵƌŶĂů͕Ϯϱ;ϭͿ͕ϴϰͲϭϬϯ͘
&ŝŶĞ͕͘,͘ůŽĐŬƐƉĞĞĚ͗ǁŝŶŶŝŶŐŝŶĚƵƐƚƌǇĐŽŶƚƌŽůŝŶƚŚĞĂŐĞŽĨƚĞŵƉŽƌĂƌǇĂĚǀĂŶƚĂŐĞ͘ϭϵϵϴ͘DĂƐƐĂĐŚƵƐĞƚƚƐ͗WĞƌƐĞƵƐŽŽŬƐ
ZĞĂĚŝŶŐ͘
'ĂŶƐ͕:͘^͕͘,ƐƵ͕͘,͘ĂŶĚ^ƚĞƌŶ͕^͘;ϮϬϬϮͿ͞tŚĞŶŽĞƐ^ƚĂƌƚͲƵƉ/ŶŶŽǀĂƚŝŽŶ^ƉƵƌƚŚĞ'ĂůĞŽĨƌĞĂƚŝǀĞĞƐƚƌƵĐƚŝŽŶ͍͕͟ZE
:ŽƵƌŶĂůŽĨĐŽŶŽŵŝĐƐ͕ϯϯ͗ϱϳϭͲϴϲ͘
'ĞƌĞĨĨŝ͕'͕͘ϮϬϭϭ͕'ůŽďĂůsĂůƵĞŚĂŝŶƐĂŶĚ/ŶƚĞƌŶĂƚŝŽŶĂůŽŵƉĞƚŝƚŝŽŶ͕͞ŶƚŝƚƌƵƐƚƵůůĞƚŝŶ͕͟ϱϲ;ϭͿ͘
,ĂŝƌŵĂŶ͕͘ĂŶĚůĂƌǇƐƐĞ͕͘;ϮϬϬϳͿ͕͞tŚŝĐŚƚĂŶŐŝďůĞĂŶĚŝŶƚĂŶŐŝďůĞĂƐƐĞƚƐŵĂƚƚĞƌĨŽƌŝŶŶŽǀĂƚŝŽŶƐƉĞĞĚŝŶƐƚĂƌƚͲƵƉƐ͍͕͟dŚĞ
:ŽƵƌŶĂůŽĨWƌŽĚƵĐƚ/ŶŶŽǀĂƚŝŽŶDĂŶĂŐĞŵĞŶƚ͕sŽů͘ϮϰEŽ͘ϰ͕Ɖ͘ϯϬϯ͘
,ƐƵ͕͘,͘ΘŝĞĚŽŶŝƐ͕Z͘,͘;ϮϬϬϴͿ͘WĂƚĞŶƚƐĂƐƋƵĂůŝƚǇƐŝŐŶĂůƐĨŽƌĞŶƚƌĞƉƌĞŶĞƵƌŝĂůǀĞŶƚƵƌĞƐ͘/ŶĐĂĚĞŵǇŽĨDĂŶĂŐĞŵĞŶƚ
WƌŽĐĞĞĚŝŶŐƐ;sŽů͘ϮϬϬϴ͕EŽ͘ϭ͕ƉƉ͘ϭͲϲͿ͘ƌŝĂƌĐůŝĨĨDĂŶŽƌ͕EzϭϬϱϭϬ͗ĐĂĚĞŵǇŽĨDĂŶĂŐĞŵĞŶƚ͘
:ŽŚĂŶƐƐŽŶ͕͕͘>ƂƂĨ͕,͘Θ^ĂǀŝŶ͕D͘;ϮϬϭϱͿ͘ƵƌŽƉĞĂŶƌΘĚĞĨĨŝĐŝĞŶĐǇ͘ĐŽŶŽŵŝĐƐŽĨ/ŶŶŽǀĂƚŝŽŶĂŶĚEĞǁdĞĐŚŶŽůŽŐǇ͕Ϯϰ;ϭͲϮͿ͕
ϭϰϬͲϭϱϴ͘
<ĂƌůƐƐŽŶ͕͘ĂŶĚŚůƐƚƌŽŵ͕W͘;ϭϵϵϵͿ͕͞dĞĐŚŶŽůŽŐŝĐĂůůĞǀĞůĂŶĚƉƌŽĚƵĐƚĚĞǀĞůŽƉŵĞŶƚĐǇĐůĞƚŝŵĞ͕͟:ŽƵƌŶĂůŽĨWƌŽĚƵĐƚ
/ŶŶŽǀĂƚŝŽŶDĂŶĂŐĞŵĞŶƚ͕sŽů͘ϭϲ͕ƉƉ͘ϯϱϮͲϲϮ
<ĞƐƐůĞƌ͕͘,͘ĂŶĚŚĂŬƌĂďĂƌƚŝ͕͘<͘;ϭϵϵϵͿ͕͞^ƉĞĞĚŝŶŐƵƉƚŚĞƉĂĐĞŽĨŶĞǁƉƌŽĚƵĐƚŝŶŶŽǀĂƚŝŽŶƐ͕͟:ŽƵƌŶĂůŽĨWƌŽĚƵĐƚ
/ŶŶŽǀĂƚŝŽŶDĂŶĂŐĞŵĞŶƚ͕sŽů͘ϭϲ͕ƉƉ͘ϮϯϭͲϰϳ͘
<ĞǇ͕^;ϮϬϭϲͿ͘ϯĂƐŝĐƐĨŽƌĨŝůŝŶŐĂƉĂƚĞŶƚƚŚĂƚĂĐƚƵĂůůǇŚĂƐǀĂůƵĞ͘ĐĐĞƐƐŝďůĞŽŶůŝŶĞĂƚ͗
ŚƚƚƉƐ͗ͬͬǁǁǁ͘ĞŶƚƌĞƉƌĞŶĞƵƌ͘ĐŽŵͬĂƌƚŝĐůĞͬϮϳϲϱϰϬZĞƚƌŝĞǀĞĚϭϯ͘ϯ͘ϮϬϭϵ͘
<ŝĂŶƚŽ͕͘;ϮϬϬϴͿ͕͞ĞǀĞůŽƉŵĞŶƚĂŶĚǀĂůŝĚĂƚŝŽŶŽĨĂƐƵƌǀĞǇŝŶƐƚƌƵŵĞŶƚĨŽƌŵĞĂƐƵƌŝŶŐŽƌŐĂŶŝǌĂƚŝŽŶĂůƌĞŶĞǁĂůĐĂƉĂďŝůŝƚǇ͕͟
/ŶƚĞƌŶĂƚŝŽŶĂů:ŽƵƌŶĂůŽĨdĞĐŚŶŽůŽŐǇDĂŶĂŐĞŵĞŶƚ͕sŽů͘ϰϮEŽ͘ϭ͕ƉƉ͘ϲϵͲϴϴ͘
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:ƵŚĂ^ĂƵŬŬŽŶĞŶ͕DĂƵŶŽ,ĂƌũƵĂŶĚWŝĂ<ƌĞƵƐ

<ŝĂŶƚŽ͕͕͘ZŝƚĂůĂ͕W͕͘^ƉĞŶĚĞƌ͕:͘ΘsĂŶŚĂůĂ͕D͘;ϮϬϭϰͿ͘dŚĞŝŶƚĞƌĂĐƚŝŽŶŽĨŝŶƚĞůůĞĐƚƵĂůĐĂƉŝƚĂůĂƐƐĞƚƐĂŶĚŬŶŽǁůĞĚŐĞ
ŵĂŶĂŐĞŵĞŶƚƉƌĂĐƚŝĐĞƐŝŶŽƌŐĂŶŝǌĂƚŝŽŶĂůǀĂůƵĞĐƌĞĂƚŝŽŶ͘:ŽƵƌŶĂůŽĨ/ŶƚĞůůĞĐƚƵĂůĐĂƉŝƚĂů͕ϭϱ;ϯͿ͕ϯϲϮͲϯϳϱ͘
<ŽƵĨƚĞƌŽƐ͕y͕͘sŽŶĚĞƌĞŵďƐĞ͕D͘Θ:ĂǇĂƌĂŵ͕:͘;ϮϬϬϱͿ͘/ŶƚĞƌŶĂůĂŶĚĞǆƚĞƌŶĂůŝŶƚĞŐƌĂƚŝŽŶĨŽƌƉƌŽĚƵĐƚĚĞǀĞůŽƉŵĞŶƚ͗ƚŚĞ
ĐŽŶƚŝŶŐĞŶĐǇĞĨĨĞĐƚƐŽĨƵŶĐĞƌƚĂŝŶƚǇ͕ĞƋƵŝǀŽĐĂůŝƚǇ͕ĂŶĚƉůĂƚĨŽƌŵƐƚƌĂƚĞŐǇ͘ĞĐŝƐŝŽŶ^ĐŝĞŶĐĞƐ͕ϯϲ;ϭͿ͕ϵϳͲϭϯϯ͘
<ŽƵĨƚĞƌŽƐ͕y͕͘͘ŚĞŶŐ͕d͘͘Θ>Ăŝ͕<͘,͘;ϮϬϬϳͿ͘͞ůĂĐŬͲďŽǆ͟ĂŶĚ͞ŐƌĂǇͲďŽǆ͟ƐƵƉƉůŝĞƌŝŶƚĞŐƌĂƚŝŽŶŝŶƉƌŽĚƵĐƚĚĞǀĞůŽƉŵĞŶƚ͗
ŶƚĞĐĞĚĞŶƚƐ͕ĐŽŶƐĞƋƵĞŶĐĞƐĂŶĚƚŚĞŵŽĚĞƌĂƚŝŶŐƌŽůĞŽĨĨŝƌŵƐŝǌĞ͘:ŽƵƌŶĂůŽĨKƉĞƌĂƚŝŽŶƐDĂŶĂŐĞŵĞŶƚ͕Ϯϱ;ϰͿ͕ϴϰϳͲϴϳϬ͘
<ŽǀĂĐƐ͕'͘Θ<Žƚ͕^͘;ϮϬϭϲͿ͘EĞǁůŽŐŝƐƚŝĐƐĂŶĚƉƌŽĚƵĐƚŝŽŶƚƌĞŶĚƐĂƐƚŚĞĞĨĨĞĐƚŽĨŐůŽďĂůĞĐŽŶŽŵǇĐŚĂŶŐĞƐ͘WŽůŝƐŚ:ŽƵƌŶĂůŽĨ
DĂŶĂŐĞŵĞŶƚ^ƚƵĚŝĞƐ͕ϭϰ͘
>ĂŵŝŶ͕͘ΘZĂŵŽƐ͕D͘͘;ϮϬϭϲͿ͘ZΘŝŶǀĞƐƚŵĞŶƚĚǇŶĂŵŝĐƐŝŶĂŐŐůŽŵĞƌĂƚŝŽŶƐƵŶĚĞƌǁĞĂŬĂƉƉƌŽƉƌŝĂďŝůŝƚǇƌĞŐŝŵĞƐ͗
ǀŝĚĞŶĐĞĨƌŽŵ/ŶĚŝĂŶZΘůĂďƐ͘^ƚƌĂƚĞŐŝĐDĂŶĂŐĞŵĞŶƚ:ŽƵƌŶĂů͕ϯϳ͗ϲϬϰʹϲϮϭ͘
DĂǇĞƌ͕Z͕͘͘ĂǀŝƐ͕:͘,͘ĂŶĚ^ĐŚŽŽƌŵĂŶ͕&͘͘;ϭϵϵϱͿ͕͞ŶŝŶƚĞŐƌĂƚŝǀĞŵŽĚĞůŽĨŽƌŐĂŶŝǌĂƚŝŽŶĂůƚƌƵƐƚ͕͟ĐĂĚĞŵǇŽĨ
DĂŶĂŐĞŵĞŶƚZĞǀŝĞǁ͕sŽů͘ϮϬEŽ͘ϯ͕ƉƉ͘ϳϬϵͲϳϯϰ͘
DĐ<ĞŶŶĂ͕͘&͕͘ĞŬŬŝ͕:͘D͕͘ƌƵŶŚĂǀĞƌ͕^͘Z͕͘ĂƌďĞƌƌǇ͕͘Z͕͘<ĞůůĂŵ͕E͘E͕͘>ĂŶĚĞ͕D͘Θ:ŽƌĚĂŶ͕^͘^͘;ϮϬϭϴ͕:ƵŶĞͿ͘WƌŽŐƌĞƐƐ
ŽŶƚŚĞƉĂƚŚǁĂǇƚŽŝŶƐƚŝŐĂƚŝŶŐĂƌĞǀŽůƵƚŝŽŶŽĨĂĚĚŝƚŝǀĞŝŶŶŽǀĂƚŝŽŶ͘/Ŷ^ŶŶƵĂůŽŶĨĞƌĞŶĐĞĂŶĚǆƉŽƐŝƚŝŽŶ͕
ŽŶĨĞƌĞŶĐĞWƌŽĐĞĞĚŝŶŐƐ;sŽů͘ϮϬϭϴͿ͘
DŽŚƌ͕:͘:͕͘^ĞŶŐƵƉƚĂ͕^͘ĂŶĚ^ůĂƚĞƌ͕^͘&͘;ϮϬϭϬͿ͘DĂƌŬĞƚŝŶŐŽĨ,ŝŐŚͲƚĞĐŚŶŽůŽŐǇWƌŽĚƵĐƚƐĂŶĚ/ŶŶŽǀĂƚŝŽŶƐ͘ϯƌĚĞĚŝƚŝŽŶ͘
WĞĂƌƐŽŶWƌĞŶƚŝĐĞ,Ăůů
DŽŽƌĞ͕'͕͘͘<ĂƉůĂŶ͕Z͘^͘ΘEŽƌƚŽŶ͕͘W͘;ϮϬϬϬͿ͘>ŝǀŝŶŐŽŶƚŚĞĨĂƵůƚůŝŶĞ͘ĂƉƐƚŽŶĞ͘
EĂŚĂƉŝĞƚ͕:͘ĂŶĚ'ŚŽƐŚĂů͕^͘;ϭϵϵϴͿ͕͞^ŽĐŝĂůĐĂƉŝƚĂů͕ŝŶƚĞůůĞĐƚƵĂůĐĂƉŝƚĂůĂŶĚƚŚĞŽƌŐĂŶŝǌĂƚŝŽŶĂůĂĚǀĂŶƚĂŐĞ͕͟dŚĞĐĂĚĞŵǇŽĨ
DĂŶĂŐĞŵĞŶƚZĞǀŝĞǁ͕sŽů͘ϮϯEŽ͘Ϯ͕ƉƉ͘ϮϰϮͲϮϲϲ
WĂƌƌǇ͕D͕͘͘^ŽŶŐ͕D͕͘tĞĞƌĚͲEĞĚĞƌŚŽĨ͕W͘͘ĂŶĚsŝƐƐĐŚĞƌ͕<͘;ϮϬϬϵͿ͕͞dŚĞŝŵƉĂĐƚŽĨEWƐƚƌĂƚĞŐǇ͕ƉƌŽĚƵĐƚƐƚƌĂƚĞŐǇ͕ĂŶĚ
EWƉƌŽĐĞƐƐŽŶƉĞƌĐĞŝǀĞĚĐǇĐůĞƚŝŵĞ͕͟:ŽƵƌŶĂůŽĨWƌŽĚƵĐƚ/ŶŶŽǀĂƚŝŽŶDĂŶĂŐĞŵĞŶƚ͕sŽů͘Ϯϲ͕ƉƉ͘ϲϮϳͲϯϵ͘
WŚŝůůŝƉƐ͕:͘;ϮϬϭϭͿ͗ǀŽůƵƚŝŽŶŽĨ/ŶŶŽǀĂƚŝŽŶ&ƵŶŶĞů͘;ŽŶůŝŶĞͿǀĂŝůĂďůĞ͗
ŚƚƚƉ͗ͬͬŝŶŶŽǀĂƚĞŽŶƉƵƌƉŽƐĞ͘ďůŽŐƐƉŽƚ͘ĨŝͬϮϬϭϭͬϬϯͬĞǀŽůƵƚŝŽŶͲŽĨͲŝŶŶŽǀĂƚŝŽŶͲĨƵŶŶĞů͘ŚƚŵůZĞƚƌŝĞǀĞĚ͗Ϯϭ͘ϭϭ͘ϮϬϭϲ
ZĂŝ͕Z͘ΘdĞƌƉĞŶŶǇ͕:͘;ϮϬϬϴͿ͘WƌŝŶĐŝƉůĞƐĨŽƌŵĂŶĂŐŝŶŐƚĞĐŚŶŽůŽŐŝĐĂůƉƌŽĚƵĐƚŽďƐŽůĞƐĐĞŶĐĞ͘/dƌĂŶƐĂĐƚŝŽŶƐŽŶ
ĐŽŵƉŽŶĞŶƚƐĂŶĚƉĂĐŬĂŐŝŶŐƚĞĐŚŶŽůŽŐŝĞƐ͕ϯϭ;ϰͿ͕ϴϴϬͲϴϴϵ
ZŝĞƐ͕͘;ϮϬϭϭͿ͘dŚĞůĞĂŶƐƚĂƌƚƵƉ͗,ŽǁƚŽĚĂǇΖƐĞŶƚƌĞƉƌĞŶĞƵƌƐƵƐĞĐŽŶƚŝŶƵŽƵƐŝŶŶŽǀĂƚŝŽŶƚŽĐƌĞĂƚĞƌĂĚŝĐĂůůǇƐƵĐĐĞƐƐĨƵů
ďƵƐŝŶĞƐƐĞƐ͘ƌŽǁŶŽŽŬƐ͘
ZŝǀĞƌĂ͕:͘>͘Θ>ĂůůŵĂŚŽŵĞĚ͕͘;ϮϬϭϲͿ͘ŶǀŝƌŽŶŵĞŶƚĂůŝŵƉůŝĐĂƚŝŽŶƐŽĨƉůĂŶŶĞĚŽďƐŽůĞƐĐĞŶĐĞĂŶĚƉƌŽĚƵĐƚůŝĨĞƚŝŵĞ͗Ă
ůŝƚĞƌĂƚƵƌĞƌĞǀŝĞǁ͘/ŶƚĞƌŶĂƚŝŽŶĂů:ŽƵƌŶĂůŽĨ^ƵƐƚĂŝŶĂďůĞŶŐŝŶĞĞƌŝŶŐ͕ϵ;ϮͿ͕ϭϭϵͲϭϮϵ͘
ZŽŝŶ͕͘E͘;ϮϬϭϯͿ͘dŚĞĂƐĞĨŽƌdĂŝůŽƌŝŶŐWĂƚĞŶƚǁĂƌĚƐĂƐĞĚŽŶdŝŵĞͲƚŽͲDĂƌŬĞƚ͘h>>͘ZĞǀ͕͘ϲϭ͕ϲϳϮ͘
^ĂŶĚďŽƌŶ͕W͘;ϮϬϭϳͿ͘&ŽƌĞĐĂƐƚŝŶŐƚĞĐŚŶŽůŽŐǇĂŶĚƉĂƌƚŽďƐŽůĞƐĐĞŶĐĞ͘WƌŽĐĞĞĚŝŶŐƐŽĨƚŚĞ/ŶƐƚŝƚƵƚŝŽŶŽĨDĞĐŚĂŶŝĐĂů
ŶŐŝŶĞĞƌƐ͕WĂƌƚ͗:ŽƵƌŶĂůŽĨŶŐŝŶĞĞƌŝŶŐDĂŶƵĨĂĐƚƵƌĞ͕Ϯϯϭ;ϭϯͿ͕ϮϮϱϭͲϮϮϲϬ͘
^ĐŚĂŶŬĞƌŵĂŶ͕D͘;ϮϬϭϲͿ͘ϱWĂƚĞŶƚZŝŐŚƚƐĂŶĚƵŵƵůĂƚŝǀĞ/ŶŶŽǀĂƚŝŽŶ͗ĂƵƐĂůǀŝĚĞŶĐĞĂŶĚWŽůŝĐǇ/ŵƉůŝĐĂƚŝŽŶƐ͘DŽǀŝŶŐƚŽ
ƚŚĞ/ŶŶŽǀĂƚŝŽŶ&ƌŽŶƚŝĞƌ͕ϳϯ͘
^ĐŽƚĐŚŵĞƌ͕^͘^ƚĂŶĚŝŶŐŽŶƚŚĞ^ŚŽƵůĚĞƌƐŽĨ'ŝĂŶƚƐ͕ϱ:͘KE͘WZ^Wd/s^Ϯϵ;ϭϵϵϭͿ͘
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5HKWRULQSHOORQWLH),7XUXQ<OLRSLVWR7XUNX)LQODQG
(PDLODED\RPLED\LHUH#XWXIL


.H\ZRUGV,QQRYDWLRQ6WDUWXS7LPH)XWXUH9DOXH1HWZRUN


$EVWUDFW
6WDUWXS HQWUHSUHQHXUV RSHUDWH LQ DQ HQYLURQPHQW WKDW KDV VSHFLDO WLPHUHODWHG G\QDPLFV $V HDUOLHU
UHVHDUFK KDV LQGLFDWHG WKH VSHHG RI FKDQJH RU ³FORFNVSHHG´ RI LQGXVWULHV KDV EHHQ DQG NHHSV
DFFHOHUDWLQJ7KDWLPSOLHVWKDWWKHVSHHGRIPDUNHWHQWU\WRKLWWKHZLQGRZRIRSSRUWXQLW\LVFUXFLDOIRUDOO
EXVLQHVVHV )RU VWDUWXS FRPSDQLHV QDVFHQW YHQWXUHV WKDW RIIHU QRYHO VROXWLRQV EDVHG RQ DGYDQFHV LQ
NQRZOHGJHDQGWHFKQRORJ\ZLWKOLPLWHGUHVRXUFHVWKLVWLPHFRQVWUDLQWRIJHWWLQJWRWKHPDUNHWDQGVWDUW
PDNLQJUHYHQXHLVHYHQPRUHFUXFLDOWKDQIRUPDLQVWUHDPHVWDEOLVKHGFRPSDQLHV
)RUFHUWDLQW\SHVRILQYHVWRUVDQGLQGXVWULHVWKHUHYHQXHIURPRSHUDWLRQVKDVWREHJHQHUDWHGDOUHDG\
EHIRUHLQYHVWPHQWLVFRQVLGHUHGDQGGRQH HJ&RKHQ 7KLVPHDQVWKHFRPSDQ\KDVWRGRTXLFN
VROXWLRQVRISURGXFWFRQILJXUDWLRQDQGWHFKQRORJLHVDSSOLHG7KLVSURFHVVRIQDUURZLQJWKHYDVWODQGVFDSH
RIRSSRUWXQLWLHVLGHQWLILHGIRUPLQWHUQDODQGH[WHUQDOVRXUFHVWRDPXFKPRUHOLPLWHGQXPEHURIVROXWLRQV
EURXJKWWRWKHPDUNHWLVRIWHQGHVFULEHGXWLOL]LQJWKHVFKHPDNQRZQDV,QQRYDWLRQ)XQQHO HJ'XQSK\HW
DO 6LPXOWDQHRXVO\WKHFRPSDQLHVQHHGWRVKRZIURPXSWR\HDUSURMHFWLRQVRIUHYHQXH(DUOLHU
UHVHDUFK HJ6DXNNRQHQHWDO KDVVKRZQWKDWHJLQ,&7LQWHQVLYHLQGXVWULHVWKHSUHGLFWHGOLIHWLPH
RILQGLYLGXDOWHFKQRORJLHVLV\HDUV7KLVPHDQVWKDWLQVLGHWKHSODQQLQJKRUL]RQRI\HDUVWKHUHLVD
ZLGHQLQJDUUD\RISRWHQWLDOWHFKQRORJLHVVRPHRIWKHPWREHLPSOHPHQWHGE\WKHILUPGRLQJWKHSODQQLQJ
7KHFRUHLGHDRIWKHZLGHQLQJILHOGRIDOWHUQDWLYHVLVFRLQHGHJE\.XXVLHWDO  DV6FHQDULR)XQQHO
7KLVFRQFHSWXDOSDSHUGLVFXVVHVWKHFKDOOHQJHVDQGGHPDQGVWKDWWKHILUPVLQWHUQDOGHYHORSPHQWQHHGV
DV ZHOO DV H[WHUQDO IRUFHV DQG VWDNHKROGHUV VHW IRU D VWDUWXS FRPSDQ\ PRYLQJ EHWZHHQ WKH SODQQLQJ
QDUURZLQJWKHILUVWIXQQHO DQGVFDQQLQJKRUL]RQV WKHVHFRQGIXQQHOZLGHQLQJUDQJHRIRSSRUWXQLWLHVDQG
FKDOOHQJHV 7KHSDSHUDOVRGLVFXVVHVSRWHQWLDOVROXWLRQVGHULYDEOHIURPHDUOLHUOLWHUDWXUHDSSOLFDEOHWRQHZ
YHQWXUHFRQWH[WUHO\LQJRQWKHMRLQWHIIRUWRIWKHYDOXHQHWZRUN V WKDWWKHQHZYHQWXUHLVDSDUWRI:HDOVR
WKHFRQFHSWRIIXWXUHVPL[DVDWRROVHWIRUQHZYHQWXUHGHYHORSPHQW7RFRQFOXGHWKHSDSHUSRLQWVRXW
QHHGDQGGLUHFWLRQIRUIXUWKHUUHVHDUFK




WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S

,QWURGXFWLRQ
,WLVRIWHQVWDWHGWKDWZHOLYHLQWKHIDVWSDFHGHQYLURQPHQWDQGZKHUHWKHVSHHGRIFKDQJH±DOVRFDOOHG
FORFNVSHHG HJ)LQH1DGNDUQL 1DUDQ\DQ6FKLPPHU 3DWHO LVDFFHOHUDWLQJ7KLV
QHZ RUGHU RI VXGGHQ FKDQJHV LQ WKH RSHUDWLQJ HQYLURQPHQW DQG TXLFN UHVSRQVHV VXFK DV VKRUWHQHG
GHYHORSPHQWF\FOHVIRUQHZSURGXFWVDQGVHUYLFHVLVVHHQWRIDYRXUQHZYHQWXUHV±VWDUWXSVILUPVZLWK
OLWWOHWRQRQHOHJDF\RISUHYLRXVRSHUDWLRQVKLQGHULQJWKHLUDJLOLW\WRPRYHZKHUHWKHPDUNHWLVJRLQJWR(J
&KULVWHQVHQ EDVHGRQHYLGHQFHGHULYHGIURPYDULRXVLQGXVWULHVPDGHDUHPDUNWKDWWKHUHDUHVRPH
IXQGDPHQWDOUHDVRQVZK\³JUHDWFRPSDQLHVIDLO´RSHQLQJGRRUWRWKHPDUNHWSODFHWRQHZFRPHUV
7KHG\QDPLFVUHODWHGWRQHZYHQWXUHVDOVRRIWHQFDOOHGHQWUHSUHQHXULDOILUPVRUVWDUWXSVGRQRWDOZD\V
VHHPWRSURYHWKDWSRLQW(YROXWLRQRIQHZWHFKQRORJLHVDQGILUPVEHWWLQJWKHLUIXWXUHRQWKHPWHQGWREH
VORZHUWKDQRULJLQDOO\H[SHFWHGOHDGLQJWRGURXJKWLQUHVRXUFHVDQGLQDELOLW\WRNHHSXSZLWKFKDQJHVDQG
QHFHVVDU\HYROXWLRQVWHSVLQWKHWXUEXOHQWHQYLURQPHQW7KLVWKHQOHDGVWRLQYHVWRUGHFHSWLRQLQWKHWLPH
DQGPDJQLWXGHLQZKLFKWKH\FDQPDNHDQH[LWDQGJHWUHYHQXHIRUWKHLULQLWLDOLQYHVWPHQW
7KHUHDUHPXOWLSOHPHWKRGVDQGWRROVGHYHORSHGDQGXVHGE\WKHEXVLQHVVFRPPXQLW\DQGUHVHDUFKHUVWR
KHOS FRPSDQLHV WR ERWK IRUHVHH WKH RSSRUWXQLWLHV DULVLQJ DQG LQ DQ DJLOH DQG VPDUW ZD\ WR DFW RQ
RSSRUWXQLWLHV DQG ULVNV RI WKH IXWXUH +RZHYHU WKH WRROV KDYH EHHQ GHYHORSHG LQGHSHQGHQWO\ DQG WKHLU
VKHHUQXPEHU HJRQHRIWKHFODVVLFVRI)XWXUH)RUHVLJKW)XWXUHV5HVHDUFK0HWKRGRORJ\E\*OHQQ
DQG *RUGRQ OLVWV  PDLQ PHWKRGV RI IXWXUHV UHVHDUFK VRPH RI ZKLFK IDOO GHSHQGLQJ RQ WKHLU
LPSOHPHQWDWLRQ LQWR DQ\ RI  FDWHJRULHV RI IRUHVLJKW ± RU PXOWLSOH WR DOO FDWHJRULHV VLPXOWDQHRXVO\
4XDOLWDWLYH4XDOLWDWLYH1RUPDWLYH([SORUDWRU\ 
,WLVFOHDUWKHILHOGLVULFKZLWKRSWLRQVIRUDQHQWUHSUHQHXULDOILUPWRFKRRVHIURPEXWPXFKOHVVRIDYDLODEOH
FULWHULD DQG JXLGDQFH ZKHQ DQG KRZ WR XVH WKHP 7KLV SDSHU DLPV DW GUDZLQJ DQ RYHUDOO SLFWXUH RI
IUDPHZRUNVDQGWRROVRIIXWXUHRULHQWHGDFWLRQGHPRQVWUDWHWKHJDSVRINQRZOHGJH RUDEXQGDQFHRILWLQ
FHUWDLQWHUPV DQGSRLQWRXWGLUHFWLRQIRUIXUWKHUUHVHDUFKDQGGHYHORSPHQW
2EMHFWLYHV
7KHREMHFWLYHVVHWIRUWKLVVWXG\ZHUHWZRIROG)LUVWO\WKHDXWKRUVZDQWHGWRGUDZDDJJUHJDWHSLFWXUHRI
WKHWLPHUHODWHGFRQWUDGLFWLRQVWKDWVWDUWXSHQWUHSUHQHXUVIDFHLQWKHLUEXVLQHVVGHYHORSPHQWDVZHOOKDYH
DQRYHUORRNDWWKHWRROVSURSRVHGE\HDUOLHUVFKRODUVWRRYHUFRPHWKHFKDOOHQJHVVHWE\WLPH%DVHGRQ
WKHVHILQGLQJVWKHDLPZDVWKXVWRILQGRXWLIWKHUHDUHLPSRUWDQWQHHGVRILPSURYHPHQWGLVFLSOLQHSUDFWLFHV
DQGWRROV6HFRQGO\WKHDXWKRUVDLPDWSURSRVLQJGLUHFWLRQWRIXUWKHUGHYHORSPHQWDQGUHVHDUFKRQWKH
ILHOGFUHDWLQJVWURQJHUOLQNVEHWZHHQWKHVFLHQFHDQGDUWRIIXWXUHVIRUHVLJKWDQGHQWUHSUHQHXUVKLS
 0HWKRG
7KLVUHVHDUFKZDVGHVLJQHGWREHDFRQFHSWXDOHQTXLU\DQGZDVDOVRSHUIRUPHGDVVXFK)ROORZLQJWKH
LGHDV RI .RWKDUL   LW FDQ EH VWDWHG WKDW FRQFHSWXDO UHVHDUFK LV DERXW FUHDWLQJ QHZ WKHRULHV RU UH
LQWHUSUHWLQJ H[LVWLQJ RQHV ZLWKRXW \HW REVHUYLQJUHDOOLIHUHSUHVHQWDWLRQ RIWKHP H[SHULPHQWDO UHVHDUFK
GHVLJQ DQGFROOHFWLQJGDWDWRWHVWDQGSURYHWKHRULHV
7KHREMHFWLYHRIWKLVSDSHUZDVQRWWRFUHDWHDQHZWKHRU\RUIUDPHZRUNIRUDQWLFLSDWLRQHIIRUWVRSSRUWXQLW\
VFDQQLQJDQGRSHUDWLRQDOSODQQLQJIRUHQWUHSUHQHXULDOILUPVEXWUDWKHUVWXG\DQGPDNHH[SOLFLWWKHSRVVLEOH
GLOHPPDV DQG LQFRPSDWLELOLW\ RI H[LVWLQJ DSSURDFKHV PHWKRGV DQG WRROV  WKDW QHZ YHQWXUHV IDFH 7KH
UHVHDUFKHUV KDYH LQ WKHLU HDUOLHU ZRUN 6DXNNRQHQ HW DO   REVHUYHG UHDOOLIH PDQLIHVWDWLRQ RI WKH
LVVXHV KDQGOHG LQ WKLV SDSHU DQG WKH LGHQWLILHG ODFN RI FRPPRQ IUDPHZRUNV RQ SUDFWLWLRQHUOHYHO RI
EXVLQHVVKDVEHHQWKHVSDUNIRUWKLVHQTXLU\
7KHGDWDFROOHFWLRQKDVKDSSHQHGYLDOLWHUDWXUHUHYLHZRISULRUUHVHDUFKDSSURDFKLQJWKHWRSLFIURPWZR
DQJOHVWKDWRID QHZEXVLQHVVGHYHORSPHQWE IXWXUHIRUHVLJKW7KHVHWZRDQJOHVGRQRWFRPPRQO\PHHW
LQ UHVHDUFK EXW ZRXOG VWLOO ERWK EH QHFHVVDU\ SDUWV RI D WKRURXJK VWUDWHJLF GHYHORSPHQW LQ DQ
HQWUHSUHQHXULDOILUP
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 /LWHUDWXUHUHYLHZ
1DWXUHRIVWDUWXSFRPSDQLHVDQGHQWUHSUHQHXULDOHIIRUWLVWKDWWKH\QHHGFRSHZLWKPXOWLSOHRSWLRQVKLJK
OHYHORIXQFHUWDLQW\DVZHOODVZLWKFRQVWDQWZLOOLQJQHVVDQGDELOLW\WRGHYHORSDQGFKDQJH7KHRIWHQXVHG
GHILQLWLRQV RI VWDUWXS FRPSDQLHV E\ 5LHV   DQG %ODQN   VWUHVV WKH YHU\ QDWXUH RI VWDUWXS
HQWUHSUHQHXUVKLS %ODQN FRLQHG FRQFHSWXDOO\ WKDW VWDUWXSV DUH IXQGDPHQWDOO\ GLIIHUHQW WR HVWDEOLVKHG
FRPSDQLHV³$VWDUWXSLVDQRUJDQL]DWLRQIRUPHGWRVHDUFKIRUDUHSHDWDEOHDQGVFDODEOHEXVLQHVVPRGHO´
DQGDORQJWKHVDPHOLQHV5LHV  VWDWHGWKDW³DVWDUWXSLVDKXPDQRUJDQL]DWLRQGHVLJQHGFUHDWHD
QHZSURGXFWRUVHUYLFHXQGHUFRQGLWLRQVRIH[WUHPHXQFHUWDLQW\´
7KHVHIRUFHVDQGFKDUDFWHULVWLFVKDYHJDLQHGLQPDJQLWXGHLQWKHHUDRIIDVWGHYHORSPHQWDQGYRODWLOLW\LQ
EXVLQHVV DQG WHFKQRORJ\ HQYLURQPHQW WKH DFFHOHUDWLQJ SDFH RI FKDQJH UHIHUUHG HJ DV ³LQFUHDVHG
FORFNVSHHG´ )LQH DQGWKHLQFUHDVHLQWKHDPRXQWRISRWHQWLDOO\WUDQVIRUPDWLYHDQGRIWHQLQWHUWZLQHG
WHFKQRORJLHVKDVPDGHWHFKQRORJ\DQWLFLSDWLRQDUHVRXUFHGHPDQGLQJDQGZLGHH[HUFLVHIRUILUPVDLPLQJ
DW³VHHLQJZKDWLVQH[W"´+RZPDQ\DQGZKLFKWHFKQRORJLHVWRLQFOXGHWRDQWLFLSDWLRQSURFHVVHVDQGZKLFK
RQHV QRW" 2QH RI WKH OHDGLQJ ,&7 FRQVXOWLQJ ILUPV *DUWQHU KDV IRU \HDUV SXEOLVKHG WKHLU ³+\SH &\FOH
FXUYHV´ RI HPHUJLQJ WHFKQRORJ\ DUHDV DQG SDUWLFXODU WHFKQRORJLHV $V WKH UHSUHVHQWDWLYH RI *DUWQHU -
)HQQ   FRLQHG WKH SXUSRVH RI WKHLU DSSURDFK ³+\SH &\FOH IRU (PHUJLQJ 7HFKQRORJLHV WDUJHWV
VWUDWHJLFSODQQLQJLQQRYDWLRQDQGHPHUJLQJWHFKQRORJ\SURIHVVLRQDOVE\KLJKOLJKWLQJDVHWRIWHFKQRORJLHV
WKDWZLOOKDYHEURDGUDQJLQJLPSDFWDFURVVWKHEXVLQHVV,WLVWKHEURDGHVWDJJUHJDWH*DUWQHU+\SH&\FOH
IHDWXULQJWHFKQRORJLHVWKDWDUHWKHIRFXVRIDWWHQWLRQEHFDXVHRISDUWLFXODUO\KLJKOHYHOVRIK\SHRUWKRVH
WKDWPD\QRWEHEURDGO\DFNQRZOHGJHGEXWWKDW*DUWQHUEHOLHYHVKDYHWKHSRWHQWLDOIRUVLJQLILFDQWLPSDFW
)HQQUHIHUVWRWKH³JHQHUDO´,&7±K\SHF\FOHEXWLQDGGLWLRQWRWKDW*DUWQHUSXEOLVKHVRQD\HDUO\EDVLV
VHSDUDWH+\SH&\FOHVIRUVSHFLILFWHFKQRORJ\DUHDVVXFKDVFORXGFRPSXWLQJRUVRFLDOVRIWZDUH7KHUHDUH
FORVHWRLQGLYLGXDOWHFKQRORJLHVXQGHU*DUWQHUUDGDU LELG 7KHVHOLVWLQJDQGJUDSKLFDOSUHVHQWDWLRQV
RIIHU SRWHQWLDO WHFKQRORJLHV WKDW WKH FRPSDQLHV SXUVXLQJ WHFKQRORJ\ DQWLFLSDWLRQ FDQ DOWHU WR WKHLU
SURFHVVHV,QRWKHUZRUGVWKH\DUH RQHRI SRWHQWLDOVRXUFHVIURPWHFKQRORJLHVWREHIROORZHG
$ EULHI DQDO\VLV ERWK RI WKH VWDJH WKDW WKH OLVWHG WHFKQRORJLHV DUH DVVHVVHG WR EH DW WKH WLPH RI FXUYH
SXEOLFDWLRQDVZHOODVWKHH[SHFWHGWLPHWKDWLWZLOOWDNHIRUDWHFKQRORJ\WREHPDLQVWUHDPDGRSWHG RIWKH
*DUWQHUV EURDGHVW DJJUHJDWH +\SH &\FOH FXUYHV RYHU D VSDQ RI  \HDUV  FRPSLOHG IURP
YDULRXVRQOLQHVRXUFHV FOHDUO\LQGLFDWHVWKHFRPSOH[LW\RIWKHILHOGIRULQGLYLGXDOVDQGFRPSDQLHVWKDWDLP
DWHQJDJLQJWRWHFKQRORJ\DQWLFLSDWLRQSURFHVVHV WDEOHVDQGEHORZ 

7DEOH*DUWQHU0DLQ,&7+\SH&\FOHFXUYHDYHUDJHWLPHWRPDLQVWUHDPDGRSWLRQ
DQDO\VLV
7LPHWRPDLQVWUHDPDGRSWLRQ QURIWHFKV 









\HDUV













\HDUV













\HDUV













\HDUV













2EVROHWHEHIRUHUHDFKLQJDGRSWLRQ













WRWDO









 WRWDO






$V FDQ EH VHHQ IURP WKH WDEOH  DERYH  WKH PHUH QXPEHU RI WKH WHFKQRORJLHV RU WHFK DUHDV  LQ WKH
DJJUHJDWH OHYHO *DUWQHUFXUYH LV DSSURDFKLQJ  WHFKQRORJLHV $OVR WKH H[SHFWHG WLPH WR PDLQVWUHDP
DGRSWLRQKDVVHHQDVKLIWWRZDUGV\HDUVRI³ZDLWLQJ´WLPHEHIRUHIXOOFRPPHUFLDOL]DWLRQRIDWHFKQRORJ\

WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S

ZLOO WDNH SODFH LQGLFDWLQJWKDW LQYHVWPHQW LQWR GHYHORSPHQW RI WKRVHWHFKV QHHGVIDUUHDFKLQJ SODQQLQJ
ZLWKKLJKULVNLQYROYHG


7DEOH*DUWQHU0DLQ,&7+\SH&\FOHFXUYH'LYLVLRQVRIWHFKQRORJLHVE\GHYHO6WDJH
DQDO\VLV
6WDJHRIWKHGHYHORSPHQWRIDWHFKQRORJ\









7HFKQRORJ\7ULJJHU













3HDNRI,QIODWHG([SHFWDWLRQV













7KURXJKRI'LVLOOXVLRQPHQW













6ORSHRI(QOLJKWPHQW













3ODWHDXRI3URGXFWLYLW\













WRWDO









 WRWDO






7DEOH  VKRZV KRZ PRVW DQG LQ DQ LQFUHDVLQJ PDQQHU  RI WKH GHWHFWHG WHFKQRORJLHV DUH VWLOO DW WKH
7HFKQRORJ\7ULJJHUSKDVH7KDWVWDJHLVGHILQHGE\*DUWQHU³$SRWHQWLDOWHFKQRORJ\EUHDNWKURXJKNLFNV
WKLQJVRII(DUO\SURRIRIFRQFHSWVWRULHVDQGPHGLDLQWHUHVWWULJJHUVLJQLILFDQWSXEOLFLW\2IWHQQRXVDEOH
SURGXFWVH[LVWDQGFRPPHUFLDOYLDELOLW\LVXQSURYHQ´,QYHVWLQJPRQH\DQGHIIRUWWRWHFKQRORJLHVLQWKDW
VWDJHVRXQGVDULVN\FKRLFH2QWKHRWKHUKDQGLIDFRPSDQ\ZDLWVXQWLODWHFKQRORJ\UHDFKHVWKHVWDJH
RIWKHVORSHRIHQOLJKWHQPHQW³0RUHLQVWDQFHVRIKRZWKHWHFKQRORJ\FDQEHQHILWWKHHQWHUSULVHVWDUWWR
FU\VWDOOL]H DQG EHFRPH PRUH ZLGHO\ XQGHUVWRRG 6HFRQG DQG WKLUGJHQHUDWLRQ SURGXFWV DSSHDU IURP
WHFKQRORJ\ SURYLGHUV 0RUH HQWHUSULVHV IXQG SLORWV FRQVHUYDWLYH FRPSDQLHV UHPDLQ FDXWLRXV´ WKH
FRPSHWLWLYHDGYDQWDJHDFKLHYDEOHYLDWKHWHFKQRORJ\LQTXHVWLRQKDVYDVWO\GLPLQLVKHG

 3ODQQLQJKRUL]RQ±FRQFHSWWRROVDQGDIIHFWLQJIRUFHV
+HQUL0LQW]EHUJ  FDWHJRUL]HGPDQDJHULDOGHFLVLRQPDNLQJWREHGLYLVLEOHLQWREURDGFDWHJRULHV
7KHILUVWFDWHJRU\LVWKDWRIRSSRUWXQLVWLFGHFLVLRQPDNLQJ7DNLQJWKHEHVWRXWRIWKHSUHYDLOLQJVLWXDWLRQ
LQVLGHWKHFRQVWUDLQWVRI
H[LVWLQJ UHVRXUFHV DQG FRPSHWHQFHV 7KH VKRUW WLPHKRUL]RQ GR QRW DOORZ
DFTXLVLWLRQRIQHZUHVRXUFHVQHLWKHUUHDUUDQJHPHQWRIWKHH[LVWLQJUHVRXUFHVDQGFRPSHWHQFHV2QWKH
RWKHUKDQGWKHXQFHUWDLQW\UHODWHGWRWKHGHFLVLRQPDNLQJVLWXDWLRQLVORZVLQFHWKHGHFLVLRQLVPRVWRIWHQ
D FRQWLQXDWLRQ RI WKH HDUOLHU RSSRUWXQLVWLF DQG VWUDWHJLF GHFLVLRQV 7LPHVSDQ IRU WUXO\ RSSRUWXQLVWLF
PDQDJHULDOGHFLVLRQVLVW\SLFDOO\DQ\WKLQJIURPLPPHGLDWHWRRQH\HDU,QWHUHVWLQJO\2OVRQ  QRWHG
WKDW HQWUHSUHQHXUV KDYH D WHQGHQF\ WR EH RSSRUWXQLVWLF GHFLVLRQPDNHUV 7KLV PLJKW EH UHODWHG WR WKH
QHZQHVVRIWKHILUPHVWDEOLVKHGWKHVWUDWHJLFGLUHFWLRQLVVWLOOLQVHDUFKDQGDOVRWKHOLPLWVLQWKHUHVRXUFH
EDVHWKDWGLUHFWVWKHQHZYHQWXUHRZQHUVWRIRFXVRQWKHVKRUWWHUPVWHSVDQGVXUYLYDOOHDQLQJOLWWOHHIIRUW
WRVWUDWHJLFOHWDORQHYLVLRQDU\GHFLVLRQPDNLQJ
6WUDWHJLFGHFLVLRQPDNLQJ 0LQW]EHUJLELG LQLWVWXUQLVVWLOOEDVHGRQUHODWLYHO\ZHOONQRZQHQYLURQPHQW
EXW ZLWK DGGLWLRQDO XQFHUWDLQW\ ZKHQ FRPSDUHG WR RSSRUWXQLVWLF VFRSH 7KH UHODWLYHO\ ORZ OHYHO RI
XQFHUWDLQW\DQGOHQJWKHQHGWLPHIUDPH LQFRPSDULVRQWRRSSRUWXQLVP DOORZVDFTXLVLWLRQRIQHZ LGHQWLILHG 
UHVRXUFHVDQGUHDUUDQJHPHQWVRIWKHH[LVWLQJRQHV7LPHIUDPHIRUVWUDWHJLFGHFLVLRQPDNLQJLVVHHQWREH
RI    \HDUV (LVHQKDUGW DQG =EDUDFNL   SRLQW RXW WKDW WKH PDQDJHUV ZRUNLQJ RQ WKH VWUDWHJLF
GHFLVLRQ DUH RQO\ ³ERXQGHGO\ UDWLRQDO WKDW SRZHU ZLQV WKH EDWWOHV RI FKRLFH DQG WKDW FKDQFH PDWWHUV´
2SSRUWXQLVWLFDQGVWUDWHJLFGHFLVLRQPDNLQJSDUDGLJPVDOORZTXLWHGHWDLOHGVWHSE\VWHSDSSURDFKHVWR
WKHGHYHORSPHQWSURFHVVHVRIWKHILUPDQGFDQWKXVEHVHHQWREHORQJWRWKHSODQQLQJKRUL]RQRIWKHILUP
±UHGXFLQJWKHQXPEHURIDOWHUQDWLYHVWRFKRRVHIURPFKRRVLQJDQGH[HFXWLQJ
,QVLGHWKHSODQQLQJKRUL]RQWKHILUPVDUHOLNHO\WREULQJXSPRVWO\VXVWDLQLQJRULQFUHPHQWDOLQQRYDWLRQV
WKDWZHUHGHILQHGWREHEDVHGRQFXUUHQWWHFKQRORJLHVDQGEULQJLQJJUDGXDOXSJUDGHVWRH[LVWLQJSURGXFWV
DQGVHUYLFHV$FFRUGLQJWR1RUPDQ 9HUJDQWL  RUJDQL]DWLRQVDUH³FRQWLQXDOO\ORRNLQJIRUQLFKHVLQ
WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S

DPDUNHWWRH[SORLWDQGGRVRE\HLWKHULQFUHPHQWDOO\LPSURYLQJH[LVWLQJV\VWHPVSURGXFWVDQGVHUYLFHV
RU FUHDWLQJ HQWLUHO\ QHZ RQHV 6RPH LQQRYDWLRQV FRPH LQ WKH IRUP RI HYROXWLRQDU\ LQFUHPHQWDO
LPSURYHPHQWV´
7KH WKLUG FDWHJRU\ RI GHFLVLRQPDNLQJ YLVLRQDU\ PDQDJHPHQW LV LQ LWV WXUQ GHDOLQJ ZLWK DGGHG
XQFHUWDLQWLHV DGGHGDPRXQW RIRSWLRQV DQG LV OLNHO\ WR EULQJ XSUDGLFDODQG GLVUXSWLYH LQQRYDWLRQV7KH
YLVLRQDU\GHFLVLRQPDNLQJWLPHVFRSHDQGXQFHUWDLQW\PDNHGHWDLOHGSODQQLQJHIIRUWVXQUHDOLVWLFDQGWKXV
WKLVWLPHVFRSHIURP\HDUV LQWRGD\VIDVWFORFNVSHHGDQGYRODWLOHHQYLURQPHQWRIWHQ\HDUV WR\HDUV
LVUHIHUUHGDVVFDQQLQJKRUL]RQ .XXVLHWDO 7KHQDWXUHRIVFDQQLQJDQGSUDFWLFHVRILWDUHPRUH
FORVHO\SUHVHQWHGLQ&KDSWHU

,QQRYDWLRQ)XQQHO2SHQ,QQRYDWLRQ
7KHFRQFHSWRI,QQRYDWLRQ)XQQHO 'XQSK\HWDO UHIHUVWRDSURFHVVWKDWDFRPSDQ\XVHVWRPRYH
IURP YDVW QXPEHU RI RSSRUWXQLWLHV WR D OLPLWHG QXPEHU RI ODXQFKHGUROOHGRXW IHDWXUHV SURGXFWV DQG
VHUYLFHV 7KH VFKHPDWLF SLFWXUH RI WKH IXQQHO SURFHVV DV W\SLFDOO\ ILJXUHG RXW E\ LQQRYDWLRQ UHVHDUFKHU
FRPPXQLW\LQWKLVFDVHE\$QWKRQ\ 0F.D\  LVVKRZQLQWKHILJXUH



)LJXUH,QQRYDWLRQ)XQQHO
(YHQWKRXJKWKHPRGHOE\$QWKRQ\ 0F.D\XVHVWKHWHUPRI1HZ3URGXFW'HYHORSPHQW 13' SURJUDPV
WKDWLVDFRPPRQWHUPIRUDFRPSDQ\VLQWHUQDO5 'PRVWRIWHQWKHLQQRYDWLRQSUDFWLWLRQHUFRPPXQLW\
DGGVWKHH[WHUQDOHQYLURQPHQWDQGDFWRUVWRWKHPRGHOOLNHLQWKHLOOXVWUDWLRQE\3KLOOLSV  LQ)LJXUH
7KHGRWWHGOLQHUHSUHVHQWVWKHFRPSDQ\VERXQGDULHVDQGWKHDUURZVLQWKHILJXUHWKHLQWHUDFWLRQWKDW
WKHFRPSDQ\KDVZLWKH[WHUQDODFWRUVVXFKDVSDUWQHUVVXSSOLHUVFXVWRPHUVHWFXWLOL]LQJWKHSULQFLSOHVRI
2SHQ ,QQRYDWLRQ $FFRUGLQJ WR %UXQVZLFNHU  9DQKDYHUEHNH   WKH FHQWUDO SULQFLSOH RI RSHQ
LQQRYDWLRQLVWKHFURVVLQJRIILUPERXQGDULHVILUPVZKRSUDFWLFHLWSXUSRVLYHO\³XVHLQIORZVDQGRXWIORZV
RI NQRZOHGJH WR DFFHOHUDWH LQWHUQDO LQQRYDWLRQ DQG WR H[SDQG PDUNHWV IRU H[WHUQDO XVH RI LQQRYDWLRQ
UHVSHFWLYHO\´7KH³EUHDWKLQJ´DQGIORZRILQQRYDWLRQFDQEHLQERXQG ILQGLQJLGHDVNQRZOHGJHUHVRXUFHV
IURP H[WHUQDO HQYLURQPHQW RU RXWERXQG UHOHDVLQJ RU WUDGLQJ LGHDV DQG NQRZOHGJH WR WKH H[WHUQDO
HQYLURQPHQW LELG 


WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S


)LJXUH6WHSVRI,QQRYDWLRQ)XQQHO3URFHVV 'XQSK\HWDO 

7KHORRSOLNHV\PEROVLQWKHPRGHOE\'XQSK\HWDOVWUHVVWKHLPSRUWDQFHRIWKHOHDUQLQJSURFHVVLQYROYHG
LQ13',QVWHDGRIOLQHDUSURFHVVWKHWUDMHFWRU\IURPLGHDVWRSURGXFWVFRQWDLQVLWHUDWLRQVDQGUHWXUQVWR
WKHHDUOLHUSKDVHV,QQRYDWLRQ)XQQHOVKRXOGEHVHHQPRUHDVDQXPEUHOODWHUPWKDWKRVWVPDQ\VSHFLILF
PHWKRGVDFURVVLWVVWDJHVOLNHWKH2SHQ,QQRYDWLRQSDUDGLJPDOUHDG\PHQWLRQHG,QWKHIROORZLQJVXE
FKDSWHUVVRPHNH\PHWKRGVUHODWHGWRWKHQDUURZLQJ ZLWKWLPH IXQQHORILQQRYDWLRQJHWLQWURGXFHG

3URGXFWDQG7HFKQRORJ\5RDGPDSV
5RDGPDSSLQJLVDSURFHVVWKDWWDNHPDQ\IRUPVDQGFRQFHUQYDULRXVOD\HUVIURPZKROHLQGXVWULHVDQG
WHFKQRORJLHV WR D VLQJOH EXVLQHVV XQLW LQVLGH D FRUSRUDWLRQ 5RDGPDSSLQJ KDV EHHQ VHHQ D PHWKRG RI
IXWXUHV UHVHDUFKLWVHOI *OHQQ *RUGRQ EXWDOVRDVDPHWKRGRISURFHVVLQJDQGRUJDQL]LQJGDWD
REWDLQHG E\ YDULRXV PHDQV RI VWXG\ 3KDDO HW DO   WKDW KDYH GHYHORSHG WKH ³73ODQ PHWKRG IRU
SURGXFWDQG WHFKQRORJ\URDGPDSSLQJ 750 ´VXPPDUL]HWKHQDWXUHDQGSXUSRVHRI750WREHDWLPH
EDVHG FKDUW WKDW FRQVLVWV RI D QXPEHU RI OD\HUV WKDW LQFOXGH ERWK FRPPHUFLDO DQG WHFKQRORJLFDO
SHUVSHFWLYHV7KHURDGPDSHQDEOHVWKHVWXG\DQWLFLSDWLRQRIPDUNHWVSURGXFWVDQGWHFKQRORJLHVDQGRI
WKHOLQNDJHVEHWZHHQWKHYDULRXVSHUVSHFWLYHV
8QOLNH,QQRYDWLRQ)XQQHODURDGPDSLVPRUHIXOOZLWKLQIRUPDWLRQDWDFORVHUWLPHO\GLVWDQFHWRWKHPRPHQW
RILWVFUHDWLRQDVWKHQHDUWHUPIXWXUHLVPRUHFDUHIXOO\SODQQHGDQGGDWDRIH[WHUQDODQGLQWHUQDOIRUFHV
DIIHFWLQJ13'LVDYDLODEOH)LJXUHVKRZVWKHVFKHPDWLFSLFWXUHRI3URGXFW 7HFKQRORJ\5RDGPDS


)LJXUH3URGXFWDQG'HYHORSPHQW5RDGPDS±VWUXFWXUH
WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S

$JLOH'HYHORSPHQWPHWKRGV
1HLWKHU,QQRYDWLRQ)XQQHOQRU7HFKQRORJ\5RDGPDSDUHUHVSRQVHVWRWKHTXHVWLRQ³KRZ´ WKHQDUURZLQJ
RI WKH RSWLRQV WR ZRUN RQ  73ODQ PRGHO E\ 3KDDO HW DO FRQWDLQV D FOHDU SURFHVV RI FKHFNXSV IRU WKH
YDOLGLW\DQGUDWLRQDOHRI³UHVXOWV´IRUHDFKOD\HUEXWWKH\FDQWEHNQRZQRUDVVHVVHGORRNLQJDWWKHSODLQ
URDGPDSWKDWLVWKHRXWFRPHRIPDQ\SURFHVVHVOLQNHGWRURDGPDSSLQJ,QWKHVDPHPDQQHUWKHPRGHO
RI,QQRYDWLRQ)XQQHOGRHVQRWUHYHDOZKDWDUHWKHSUDFWLFHVWKDWQHHGWREHSHUIRUPHGLQSKDVHVRI HJ 
SODQQLQJDQGHYDOXDWLRQ
$VDUHVSRQVHWRWKHKDUVKQHVVRIURDGPDSVDQGIXQQHOVQXPHURXVPHWKRGVKDYHEHHQGHYHORSHGWR
VXSSRUW VZLIW SURJUHVV EHWZHHQ WKH VWDJHV ([DPSOHV RI VXFK DSSURDFKHV DUH /HDQ 6WDUWXS 'HVLJQ
7KLQNLQJDQG6&580PHWKRGV
7KH FRQFHSW RI /HDQ 6WDUWXS LV ODUJHO\ EDVHG RQ WKH ZULWLQJV E\ 6WHYH * %ODQN   DQG (ULF 5LHV
 DQGEHHQEDFNHGXSE\WKHUHVHDUFKE\0DUPHUHWDO DE 7KHFRUHHVVHQFHRI/HDQ
6WDUWXSPHWKRGRORJ\LVWRUHSODFHORQJDWOLQHDUDQGOHQJWK\SURGXFWDQGVHUYLFHGHYHORSPHQWF\FOHVZLWK
DJLOHWHVWLQJH[SHULPHQWDWLRQDQGOHDUQLQJLQLQWHUDFWLRQZLWKWKHPDUNHW7RKLJKOLJKWWKLVPDUNHWRULHQWHG
YLHZ%ODQNKDVHYHQUHSODFHGWKHQDPHRIWKHSURFHVVRISURGXFWGHYHORSPHQWE\FXVWRPHUGHYHORSPHQW
.H\FRQFHFSWVOLQNHGWR/HDQ6WDUW8SDUHHJ093 0LPLQXP9LDEOH3URGXFWDSURGXFWWKDWFDQVWLOOEH
IDUIURPILQDOVROXWLRQLQGHVLJQVWRWDOLW\RIIHDWXUHVHWFEXWDEOHWRGHPRQVWUDWHWKHFRUHEHQHILWVYDOXHWR
FXVWRPHUV  DQG 3LYRWLQJ FKDQJH RI SODQV DQG GLUHFWLRQ GXH WR IHHGEDFN DQG OHDUQLQJ  0DUPHU HW DO
D  FDOO WKH IRXU HDUO\ VWDJHV RI GHYHORSPHQW EHIRUH UHDFKLQJ PDWXULW\ DND EXVLQHVVDVXVXDO 
'LVFRYHU\9DOLGDWLRQ(IILFLHQ\DQG6FDOLQJDQGEDVHGRQWKHLUVWDUWXSFRPSDQ\GDWDSURSRVHWKDW
LWHUDWLRQVDUHQHHGHG0DUPHUHWDO E DOVRVWDWHWKDWFRPSDQLHVZKRH[DJJHUDWHLQVSHHGLQJXS
WKHLU GHYHORSPHQW E\ MXPSLQJ RYHU VRPH VWDJHV RU GR QRW VSHQG HQRXJK HIIRUW LQ HDFK VWDJH DUH
SURFHHGLQJDQGVFDOLQJSUHPDWXUHO\DQGWKLVEHKDYLRULVQHJDWLYHO\DIIHFWLQJWKHLUFKDQFHVRIVXFFHVVRQ
WKHPDUNHWDQGJHWWLQJIXQGHG
$FFRUGLQJ WR /RFNZRRG   GHVLJQ WKLQNLQJ LV D KXPDQFHQWHUHG SURFHVV DLPHG DW LQQRYDWLQJ WKDW
HPSKDVL]HVWKHXVDJHRIREVHUYDWLRQVFROODERUDWLRQHPSKDVL]HGIDVWOHDUQLQJDQGYLVXDOL]DWLRQRILGHDV
UDSLGFRQFHSWSURWRW\SLQJDQGDOVRFRQFXUUHQWEXVLQHVVDQDO\VLVUXQQLQJSDUDOOHOWRWKHDIRUHPHQWLRQHG
PRUHFUHDWLYHDFWLRQV%HQ0DKPRXG-RXLQLHWDO  KLJKOLJKWWKHGLIIHUHQFHRIGHVLJQWKLQNLQJ '7 
WRDPRUHFORVHHQGHG5 'SURFHVVE\VWDWLQJWKDW'7LVDVWUXFWXUHGSURFHVVWKDWILWVWRH[SORUDWLRQIRU
SUREOHPVWKDWDUHLOOGHILQHG´/LHGWND  VWDWHV'7LVEHVWVXLWHGLVEHVWVXLWHGWRGHFLVLRQFRQWH[WVLQ
ZKLFKXQFHUWDLQW\DQGDPELJXLW\DUHKLJKDQGOLVWWKHNH\SULQFLSOHVRI'7DVIROORZV QXPEHULQJE\WKH
DXWKRUVRIWKLVSDSHU ,WUHOLHVRQ DEGXFWLRQDQGH[SHULPHQWDWLRQLQYROYLQJPXOWLSOHDOWHUQDWLYHVROXWLRQV
WKDWDFWLYHO\PHGLDWHDYDULHW\RIWHQVLRQVEHWZHHQSRVVLELOLWLHVDQGFRQVWUDLQWVDQG OHDUQLQJWKURXJK
H[SHULPHQWDWLRQEDVHGRQ PXOWLSOHLWHUDWLRQVDUHVHHQDVDFHQWUDOWDVNV
6&580PHWKRG RI GHYHORSPHQW RULJLQDWHV IURP VRIWZDUH DQG V\VWHPV GHYHORSPHQW DQG EXLOG RQ WKH
EDVLFSULQFLSOHVRIVSLUDOGHYHORSPHQWZKHUHWKHFRQWLQXRXVOHDUQLQJDQGFUHDWLRQRIQRYHOLGHDVZLWKLQ
WKHGHYHORSPHQWSURFHVVDUHNH\HOHPHQWVRIWKHSURFHVV7KHILJXUHE\6FKZDEHU  VKRZVWKH
VSLUDOOLNHSURFHVVWKDWGRHVQRWUHO\RQUDQGRPDQGDGKRFLWHUDWLRQVEXWRQFRQWUROOHGDQGSODQQHGORRSV


)LJXUH6SLUDO0HWKRGRI'HYHORSPHQW 6FKZDEHU 
WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S

6&580LVVDLGWRHQKDQFHWKHWHDPHQJDJHPHQW LQVLGHWHDPV DVZHOODVZRUNLQJLQDFRQWUROOHGPDQQHU
ZLWKQXPHURXVGHYHORSPHQWWHDPVWKDWZRUNLQDUHFLSURFDOPDQQHUZLWKHDFKRWKHU6&580LVVDLGWR
RIIHUDEDVHRIMRLQWDQGGLVWULEXWHGGHYHORSPHQWDQGPXWXDOOHDUQLQJDQGLWLVQRZDGD\VXVHGLQDUHDV
YHU\ GLIIHUHQW WR LWV RULJLQDO DSSOLFDWLRQ DUHD HJ LQ HGXFDWLRQDO SURFHVVHV .LQJVWRQ   7KLV
HQODUJHPHQWRI6&580XVDJHKDVEHHQPDGHDQRWHRIE\1D]HWDO  ZKRVWDWHWKDW6&580ZDV
ILUVWGHILQHGDVDIOH[LEOHSURGXFWGHYHORSPHQWVWUDWHJ\E\7DNHXFKL 1RQDND  EXWTXLWHVRRQLW
ZDVHODERUDWHGIXUWKHUVRWKDW6&580LVQRZVHHQDVDVRUWRIRUJDQL]DWLRQDONQRZOHGJHFUHDWLRQWKDWLV
ZRUNLQJZHOOLQJHWWLQJDERXWQRYHOW\FRQVWDQWO\DQGLQFUHPHQWDOO\
'HVSLWHLWVFOHDUSRVLWLYHXQGHUSLQQLQJWKHFDVHVWXG\E\6XWKHUODQGHWDO  SURYHGWKDW³GLVWULEXWHG
WHDPVDQGHYHQRXWVRXUFHGWHDPVFDQEHDVSURGXFWLYHDVDVPDOOFROORFDWHGWHDP´+RZHYHUWRVXFFHHG
ZLWK6580UHTXLUHVH[FHOOHQWLPSOHPHQWDWLRQLVQHHGHGDORQJZLWKJRRGHQJLQHHULQJSUDFWLFHV7KHZKROH
VHWRIWHDPVPXVWIXQFWLRQDVRQHXQLILHGWHDPDQGZLWKRQHJOREDOEXLOGUHSRVLWRU\DQGHJZLWKRQH
WUDFNLQJDQGUHSRUWLQJWRRORQO\7KXVWRUHDFKWKHSURPLVHRI6&580IRUDQHQWUHSUHQHXUPD\EHWLPH
DQGHQHUJ\FRQVXPLQJ



6FDQQLQJKRUL]RQ±FRQFHSWDQGDIIHFWLQJIRUFHV

9LVLRQDU\PDQDJHPHQWDQGGHFLVLRQPDNLQJLVW\SLFDOO\XVHGLQWKHWLPHVFRSHRI  WR\HDUVIURP
QRZ7KHWLPHIURPQRZWRWKHWLPH³DQWLFLSDWHG´LQYLVLRQDU\PDQDJHPHQWEHDUVDOORWRIXQFHUWDLQW\EXW
DW WKH VDPH WLPH DOORZV WKH ILUP WR UHVSRQG WR DQWLFLSDWHG FKDQJH E\ DFTXLULQJ QHZ UHVRXUFHV DQG
FRPSHWHQFHV7KHWLPHVFRSHDOORZVHQDEOHVWKHELUWKRIUDGLFDOGLVUXSWLYHLQQRYDWLRQV,QVSLWHRIWKH
YDJXHQHVVRIWKHGHILQLWLRQVRIGLVUXSWLYHDQGUDGLFDOLQQRYDWLRQVEURXJKWXSE\1DJ\HWDO  ±IRU
H[DPSOH ZKDW LV GLVUXSWLYH WR VRPH RUJDQL]DWLRQ LV QRW GLVUXSWLYH WR DQRWKHU ± WKHUH LV VRPH FRPPRQ
JURXQG IRXQG LQ WKH OLWHUDWXUH 9DULRXV GHILQLWLRQV VWUHVV WKH FRQFHSW RI QHZQHVV 6ODSSHQGHO  
XQGHUOLQHVWKHLPSRUWDQFHRIWUXHQHZQHVVDVLWVHWVLQQRYDWLRQDSDUWRIDQ\FKDQJH$QGLQQRYDWLRQLV
VHHQ WR EH FUXFLDO DV D PRWLYDWRU DQG VXFFHVV IDFWRU RI QHZ YHQWXUH DQG HQWUHSUHQHXULDO DFWLYLW\
-RKDQQHVHQDQG2OVHQ =KRXDQG/L  FRLQWKHWHUPRIUDGLFDOLQQRYDWLRQPHDQLQJLQQRYDWLRQV
WKDWDUH³QRYHOXQLTXHRUVWDWHRIWKHDUWWHFKQRORJLFDODGYDQFHLQDSURGXFWFDWHJRU\WKDWVLJQLILFDQWO\
DOWHUVWKHFRQVXPSWLRQSDWWHUQVLQDPDUNHW´7RWKHFRQFHSWRIQHZQHVVLQWKHH[WHUQDOGLPHQVLRQ PDUNHW 
WKHFRQFHSWRILQWHUQDOQHZQHVV QHZQHVVWRWKHILUPPDNLQJWKHLQQRYDWLRQ LVRIWHQDGGHG7KHQHZQHVV
DOVRPHDQVWKDWDWUXHLQQRYDWLRQLVFRPSHWHQFHGHVWUR\LQJ &KULVWHQVHQLELG 6RPHRIWKHFDSDELOLWLHV
EHKLQGWKHSDVWVXFFHVVRIWKHILUPEHFRPHREVROHWHZLWKUDGLFDODQGGLVUXSWLQJLQQRYDWLRQV
%HFDXVHRIWKHZLGHUDQJHRISRWHQWLDOIXWXUHSDWKVRIHYROXWLRQ RUUHYROXWLRQ RIPDUNHWVFRPSHWLWLRQDQG
FKRLFHVRIWKHILUP.XXVLHWDO LELG GHVFULEHWKHSDUDGLJPRIWKHVFDQQLQJKRUL]RQEHWKDWRIWKHVFHQDULR
IXQQHO8QOLNHWKHHDUOLHUGLVFXVVHGLQQRYDWLRQIXQQHOWKDWDWWHPSWVWRQDUURZWKHUDQJHRIRSWLRQVEHWZHHQ
QRZDQGWKHWLPHRISURGXFWVHUYLFHODXQFKLQWKHSODQQHGIXWXUHWKHVFHQDULRIXQQHORSHQVXSWRZDUGV
IXWXUH VHHILJXUH.RVRZ *DVVQHU 7KHPRUHZHH[SDQGWKHWLPHKRUL]RQIURPWKHSUHVHQW
PRUHULFKRIRSWLRQVRXUYLHZRIWKHIXWXUHJHWV)ROORZLQJWKHLGHDVRI.XXVLHWDO³WKHEDVLFLGHDRIWKH
VFHQDULRIXQQHOLVWKDWWKHIDUWKHUZHJD]HIURPWRGD\¶VVWDQGSRLQWWRZDUGVWKHIXWXUHWKHPRUHSRVVLELOLWLHV
DUHRSHQ´7KHGLIIHUHQWVFHQDULRVDOOVWDUWIURPWLPHSRLQWRI³SUHVHQW´DQGWKHUDQJHRIWKHVFHQDULRSDWKV
LQFUHDVHV ZLWK WLPH VR DIWHU FHUWDLQ SRLQW WKH ³FROOHFWLRQ RI SRVVLEOH VFHQDULRV´ VSUHDGV ZLGHO\ OLNH DQ
RSHQLQJIXQQHO GRHV 6FHQDULRIXQQHOV DUH RIWHQ GUDZQ DQG GHVFULEHG LQ WKH ZD\ WKDW SODFHV WKH PRVW
SUREDEOHVFHQDULRLQWKHPLGGOHRIWKHIXQQHODQGWKH SUHVXPDEO\ PRVWUDGLFDOVFHQDULRVWRPD[LPXP
GLVWDQFH IURP WKH ³PLGVFHQDULR´ IRU WKH WLPH SRLQW LQ TXHVWLRQ 6FHQDULRV IRU WKHLU SDUW FDQ EH VKRUWO\
GHVFULEHGDV.KDQSXWVLW³«K\SRWKHWLFDOVHTXHQFHVRIHYHQWVFRQVWUXFWHGIRUWKHSXUSRVHRIIRFXVLQJ
DWWHQWLRQRQFDXVDOSURFHVVHVDQGGHFLVLRQSRLQWV7KH\DQVZHUWZRNLQGVRITXHVWLRQV  SUHFLVHO\KRZ
PLJKWVRPHK\SRWKHWLFDOVLWXDWLRQGHYHORSVWHSE\VWHSDQG  ZKDWDOWHUQDWLYHVH[LVWIRUHDFKDFWRUDW
HDFKVWHSIRUSUHYHQWLQJGLYHUWLQJRUIDFLOLWDWLQJWKHSURFHVV´6RDVFHQDULRLVQRWMXVWDMXVWLILHGHVWLPDWH
RIIXWXUHFRQGLWLRQVDWDJLYHQSRLQWEXWFRQWDLQV³PLQLVFHQDULRV´WKDWDUHWUHQGVGHVLFLRQVDFWLRQVDQG
LQFLGHQWVRQWKHZD\WRWKHHQGSRLQWRIWKHVFDQQLQJKRUL]RQ
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)LJXUH7KHVFKHPDWLFSLFWXUHRIVFHQDULRIXQQHODQGSURFHVVRILWVFUHDWLRQ .RVRZ *DVVQHU 

7RKHOSWKHHQWUHSUHQHXUVWRFRSHZLWKLQFUHDVLQJQXPEHUDQGYDULHW\RIRSWLRQVWRROVIRUVFDQQLQJKDYH
EHHQGHYHORSHGWRWUDQVODWHZLGHIXWXUHYLHZVLQWRVHOHFWHGQXPEHURILVVXHVWRZRUNRQ0RVWRIWHQWKH
DQWLFLSDWLRQHIIRUWLVFRQFHQWUDWLQJLQWRFKDQJHVLQWKHWHFKQRORJ\ODQGVFDSH WKHIRFDOSRLQWRIWKLVSDSHU 
EXWDOVRVRFLHWDODQGPDUNHWGHYHORSPHQWFRXOGQDWXUDOO\EHPDSSHGDVZHOO%RWKPHWKRGVLQWURGXFHG
EHORZ 7HFKQRORJ\ 5DGDU DQG 5DGLFDO 7HFKQRORJ\ ,QTXLUHU FDQ EH VHHQ WR UHSUHVHQW HODERUDWHG DQG
SUDJPDWLFH[DPSOHVRIWKHDSSURDFKFDOOHG(QYLURQPHQWDO6FDQQLQJE\*OHQQDQG*RUGRQ  
7HFKQRORJ\5DGDU
7HFKQRORJ\5DGDU 75, DVDWRROIRUIXWXUHRULHQWHGWHFKQRORJLFDOLQWHOOLJHQFHZDVRULJLQDOO\FUHDWHGDQG
ILUVWLPSOHPHQWHGDWWKH'HXWVFKH7HOHNRP/DERUDWRULHV'7$*XQLWDQGODWHUDGDSWHGE\VHYHUDO RWKHU
FRPSDQLHV IRU H[DPSOH &LVFR 5RKUEHFN HW DO   75 DLPV DW RIIHULQJ D V\VWHP IRU LGHQWLILFDWLRQ
VHOHFWLRQDQGYHULILFDWLRQRIHPHUJLQJWHFKQRORJLHVDLPLQJDWIXOILOOLQJVLPXOWDQHRXVO\WKUHHSXUSRVHV 
WRLGHQWLI\HDUO\WKHWHFKQRORJLHVWUHQGVDQGVKRFNVZLWKSRWHQWLDOLPSDFWWRWKHLQYHVWLJDWLQJFRPSDQ\¶V
EXVLQHVV   WR UDLVH WR DZDUHQHVV DQG GLVFXVVLRQ ZLWKLQ WKH FRPSDQ\ WKH WKUHDWV DQG RSSRUWXQLWLHV RI
WHFKQRORJLFDO GHYHORSPHQW DQG   WR VWLPXODWH FRPSDQ\V DFWLRQ RQ LQQRYDWLRQ VWUHDPOLQH LQQRYDWLRQ
DFWLYLWLHV ZLWKLQ WKH FRPSDQ\ DQG WR SXW LQ PRWLRQ QHZ TXHVW IRU NQRZOHGJH DQG LQYHVWPHQWV WR 5 '
5RKUEHFNHWDO%RH/LOOHJUDYHQ 0RQWHUGH 
7KHSURFHVVDQGRXWFRPHRIWKH75
7KH75WRROLVDSURFHVVWKDWFRQVLVWVRIIRXUVWDJHVWHFKQRORJ\LGHQWLILFDWLRQVHOHFWLRQDVVHVVPHQWDQG
GLVVHPLQDWLRQ )LJXUH 



)LJXUH7KH7HFKQRORJ\5DGDUPHWKRG 5RKUEHFNHWDO 
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,Q WKH LGHQWLILFDWLRQ VWDJH WHFKQRORJLHVJHW LGHQWLILHG E\ DQ LQWHUQDWLRQDO³VFRXWLQJFRPPXQLW\´ LQWHUQDO
DQGH[WHUQDOWRWKHFRPSDQ\WKDWZLOOUHSRUWRQHPHUJLQJWHFKQRORJLHVLQSUHGHILQHG WRWKHP ILHOGV %RH
/LOOHJUDYHQ 0RQWHUGH 
$IWHULGHQWLILFDWLRQDSDQHOVHOHFWVDQGVKRUWOLVWVWKHPRVWUHOHYDQWWHFKQRORJLHVIRUIXUWKHULQYHVWLJDWLRQ
,QWKHVHOHFWLRQSURFHVVWKHWHFKQRORJLHVDUHSXWLQWRIRXUFDWHJRULHV FRPSOHWHO\QHZWHFKQRORJLHV 
VWDWH RI WKH DUW WHFKQRORJLHV EXW ZLWK UHFHQW OHDSV LQ GHYHORSPHQW   LPSRUWDQW LPSURYHPHQWV LQ
FRPSOHPHQWDU\WHFKQRORJLHVDQG QRWDEOHLQFUHDVHLQWKHDZDUHQHVVRIDWHFKQRORJ\DQGWHFKQRORJ\
DSSOLFDWLRQ 5RKUEHFNHWDOLELG%RH/LOOHJUDYHQ 0RQWHUGHLELG 
)LQDOO\WKHVHOHFWHGWHFKQRORJLHVJRWRDQDVVHVVPHQW E\DFRPPLWWHH IRUDVVHVVPHQWHYDOXDWLRQDQG
UDQNLQJ7KHWHFKQRORJLHVDUHUDWHGLQWZRGLPHQVLRQV ¶PDUNHWLPSDFW¶DQG ¶WHFKQRORJLFDOUHDOL]DWLRQ
SRWHQWLDO¶
)ROORZLQJWKHDVVHVVPHQWWKHILQGLQJVRIWKHSURFHVVDUHGLVVHPLQDWHGWRDZLGHULQWHUQDODXGLHQFH$Q
H[DPSOHRQKRZUHVXOWVFDQEHYLVXDOL]HGLQ)LJXUH7KHWHFKQRORJLFDOILHOGVUHSUHVHQWWKHVHJPHQWV
DQGWKHGHYHORSPHQWVWDJHGHSLFWHGDVFRQFHQWULFFLUFOHVVWDUWLQJZLWKWKHORZHVWGHYHORSPHQWVWDJHRQ
WKHRXWVLGHDQGWKHPRVWGHYHORSHGWHFKQRORJLHVRQWKHLQQHUFLUFOH






)LJXUH7KH5DGDU6FUHHQRI'7$* OHIW DQG&LVFR ULJKW  5RKUEHFNHWDO%RH/LOOHJUDYHQDQG
0RQWHUGH 

7HFKQRORJ\ 5DGDU RIIHUV WR LWV XVHUV D ZD\ WR GLJ LQWR WKH UHFHQW DQG IRUHVHHDEOH GHYHORSPHQWV LQ
WHFKQRORJLHV WKDW D FRPSDQ\ FRQVLGHUV LPSRUWDQW WR WKHLU EXVLQHVV &RPSDQLHV DSSO\LQJ 75 UXQ WKH
SURFHVV PRVW RIWHQ  WLPHV SHU \HDU VXJJHVWLQJ WKH WRRO LV VXIILFLHQWO\ OLJKW WR EH XVHG LQ FRUSRUDWH
FRQWH[WRI2QHREYLRXVFKDOOHQJHRI75LVWKDWLWRQO\VFDQVIRUWHFKQRORJLHVWKDWKDYHEHHQSUHGHILQHG
DVLPSRUWDQWIRUWKHLUFXUUHQWEXVLQHVV,WPD\EHWKHQDSURFHVVWKDWIRUWLILHVWKHSUHVHQWVWUDWHJ\UDWKHU
WKDQDFWVDVDFDWDO\VWIRUFKDQJH$V9DQDPRHWDO  QRWHGLWPD\EHDOVREHDOHVVDSSURSULDWHWRRO
IRUGHWHFWLQJXQH[SHFWHGEXWDWWKHVDPHWLPHKLJKO\LPSDFWIXOWHFKQRORJLHVIURPVHFWRUVRXWVLGHWKHVFRSH
RI WKRVH WHFKQRORJLHV WKDW KDYH EHHQ GHHPHG E\ WKH FRPSDQ\ DQG LWV QHWZRUN DV LPSRUWDQW IRU WKH
EXVLQHVV$OVRWKHNQRZOHGJHEDVHDQGQXPEHURIDFWRUVSDUWLFLSDWLQJWRWKHSURFHVVPD\OLPLWLWVXVDJH
LQVWDUWXSDQGVPDOOEXVLQHVVFRQWH[WVWKDWZRXOGDQ\ZD\EHIHUWLOHJURXQGVIRULQQRYDWLYHDFWLRQ
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57, 5DGLFDO7HFKQRORJ\,QTXLUHU 
7KH57,WRROGHYHORSHGE\/LQWXUL.XXVLDQG$KOTYLVW  ZDVRULJLQDOO\SXEOLVKHGLQ7KH WRRO
ZDV RULJLQDOO\ GHYHORSHG IRU QDWLRQDO IRUHVLJKW SXUSRVHV EXW DGDSWLRQV DQG SLORW XVDJH LQ FRUSRUDWLRQV
KDYHWDNHQSODFHVLQFHWKHODXQFKRIWKHPHWKRG
7KHUHVXOWRIWKH57,GHYHORSPHQWSURFHVVZDVDFROOHFWLRQRIHPHUJLQJUDGLFDOWHFKQRORJLHVWKDWKDYH
EHHQOLVWHGLQWRDQRUGHURILPSRUWDQFHEDVHGRQDFDOFXODWLRQEDVHGRQYDULRXVLQGLFDWRUVOLNHWKHPDWXULW\
RIWKHWHFKQRORJ\H[LVWLQJFRPSHWHQFHLQWKHWHFKQRORJ\DQGWKHWHFKQRORJ\¶VDQWLFLSDWHGLPSDFWRQWKH
PDUNHWSODFH,QGHHGWKHSXUSRVHRIWKHGHYHORSPHQWZDVWRRIIHUDFUHGLEOHWRROWRFUHDWHVXFKDUDQNLQJ
OLVW RI HPHUJLQJ UDGLFDO WHFKQRORJLHV DQG KHOS SROLF\PDNHUV DQG RUJDQL]DWLRQV WR IROORZ DVVHVV DQG
SULRULWL]HUHDFWLRQVDQGDFWLRQVWRWKHUHVKDSLQJWHFKQRORJLFDOODQGVFDSH7KHWRROLVGHVLJQHGWRFRQVLVWV
RI D  HPHUJLQJWHFKQRORJLFDO VROXWLRQV FDOOHG 5DGLFDO7HFKQRORJLFDO 6ROXWLRQV 576  DQG  *OREDO
9DOXHSURGXFLQJ 1HWZRUNV *931  WKDW DUH FRPELQDWLRQV RI HPHUJLQJ WHFKQRORJLFDO SRVVLELOLWLHV DQG
FXVWRPHU¶VQHHGVRUGHPDQGVLHDUHDVRIWHFKQRORJLFDODQGVRFLHWDOFKDQJHEDVHGRQDQWLFLSDWLRQRI
JOREDOFXVWRPHUGHPDQGV7KH5DGLFDO7HFKQRORJLFDO6ROXWLRQV 576 UHIHUWRLQGLYLGXDOWHFKQRORJ\DUHDV
DLPLQJDWDGGUHVVLQJDVKDUHGFKDOOHQJH
7KHDXWKRUVRIILUVWFXW57,VHOHFWHGWKHPRVWSURPLVLQJWHFKQRORJLFDOVROXWLRQVIURPDOOWKHFUHDWLRQ
SURFHVVFRQWULEXWRUV¶VXJJHVWLRQVXVLQJDVHWRILQGLFDWRUVXQGHUVL[FDWHJRULHV
*OREDO9DOXHSURGXFLQJ1HWZRUNV±LQQXPEHU *931V ZHUHSUHVHQWHGE\GHVFULELQJ 9DVDPRHW
DO 
xWKHFXUUHQWVLWXDWLRQDQGH[SHQVHVUHODWHGWRWKHQHWZRUN
xWKHDQWLFLSDWHGQHZRSHUDWLQJPRGHOZLWKLWVVDYLQJV
xWKHGHYHORSPHQWRIWKHPDWXULW\RIWKHHQDEOLQJWHFKQRORJLHV
xWKHFKDOOHQJHVRIWKHWUDQVLWLRQSHULRGWRWKHQHZPRGHO
xOHJLVODWLYHVWUXFWXUDOEDUULHUVWRFKDQJHDQG
xWKHWKUHDWVRIWKHQHZWHFKQRORJLHVUHODWHGWRWKHQHWZRUN


7KHLGHQWLILHG5DGLFDO7HFKQRORJLFDO6ROXWLRQV 576 ZHUHSUHVHQWHGE\ 9DVDPRHWDO 
xDVXPPDU\RIWKHVWDWHRIWKHDUWRIWKHVROXWLRQDQGLWVIXWXUHSURVSHFWVLQDQGLIWKHVROXWLRQ
GHOLYHUVRQLWVSURPLVHDVDQWLFLSDWHG
xWRGD\¶VVSHDUKHDGLQJDFKLHYHPHQWVUHODWHGWRWKHVROXWLRQ
xWKHPRVWUHOHYDQWEDFNJURXQGGRFXPHQWVSUHVHQWHGDV,QWHUQHWK\SHUOLQNV
xWKHPRVWSURPLVLQJH[HFXWLRQRSWLRQVRIVROXWLRQ¶VIXQFWLRQDOLW\
xWKHPRVWSUREDEOHDSSOLFDWLRQDUHDVRIWKHVROXWLRQ
xDQHYDOXDWLRQRIWKHJHQHUDOPDWXULW\OHYHORIWKHVROXWLRQ
xDQHYDOXDWLRQRIJOREDOVFLHQWLILFLQWHUHVWRQWKHVROXWLRQ
xDQHYDOXDWLRQRIWKHVWUHQJWKRIWKHOLQNDJHVWRWKH*OREDO9DOXHSURGXFLQJ1HWZRUNV *931V 

6R IDU WKH 57, SURFHVV KDV EHHQ FRQGXFWHG RQFH LQ )LQODQG DQG WKH WRS  OLVW RI PRVW SURPLVLQJ
WHFKQRORJLHVLVSODQQHGWREHXSGDWHGRQFHD\HDURURQFHLQHYHU\SDUOLDPHQWDU\VHDVRQ IRXU\HDUV 
7KHSLORWYHUVLRQRIWKH57,ZDVFRQGXFWHGDVDODUJHFURZGVRXUFLQJDPRQJVWDNHKROGHUVRYHUWKH,QWHUQHW
ZLWKKXQGUHGVRISDUWLFLSDQWV7KLVNLQGRIDQDSSURDFKLQWHUPVRILWVVL]HDQGRSHQQHVVPD\RUPD\QRW
EHGHVLUDEOHIRUSULYDWHDQGUHVRXUFHFRQVWUDLQHGFRPSDQLHV7KHWLPHIUDPHRI\HDUVFDQEHDOVRWRR
ORQJIRUFRPSDQLHVEXWDV9DQDPRHWDO LELG FRQFOXGH³«57,FRXOGDOVRDOORZFRPSDQLHVWRIUHHO\DQG
FUHDWLYHO\ WKLQN DERXW UDGLFDOO\ DQG GLVUXSWLYHO\ GLIIHUHQW VWUDWHJLF SRVVLELOLWLHV DQG WKUHDWV IRU WKHLU
WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV
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EXVLQHVVDVRSSRVHGWRWKLQNLQJDERXWWKHPLGWHUPZKLFKPLJKWQRWDOORZWKHPUHTXLVLWHWLPHIRUPDMRU
VKLIWVLQVWUDWHJLFGLUHFWLRQ´

 )LQGLQJV
3XWWLQJWRJHWKHUWKHILQGLQJVRIHDUOLHUUHVHDUFKDQGWKHFRPSLODWLRQRIWKHWRROVDQGPRGHOVLQWURGXFHG
DFURVV UHVHDUFK DQG SUDFWLWLRQHU FRPPXQLWLHV LW EHFRPHV FOHDU WKDW WKHUH DUH PDMRU FRQFHUQV DQG
GLIILFXOWLHVIRUPDQDJHUVRZQHUVRIVWDUWXSHQWHUSULVHVZKRDLPDWPDQDJLQJWLPHLQDVPDUWZD\$WILUVW
VLJKWWKHUHVHHPVWREHDEXQGDQFHRI

&RPSOLFDWHGUHODWLRQEHWZHHQVWDUWXSHQWUHSUHQHXUDQGWLPH±QHHGIRUVSHHG"
7LPHFDQEHVHHQDVRQHRIWKHUHVRXUFHVRIDFRPSDQ\7KHUHKDVQRWEHHQDQGWKHUHLVQRWOLNHO\WREH
DILQDODQGFRPSOHWHOLVWRIDOOUHVRXUFHVWKDWDILUPFDQKDYHDQGJDLQFRPSHWLWLYHDGYDQWDJHIURPRUORVH
LWVFRPSHWLWLYHHGJHLIUHVRXUFHVDUHQRWZHOOPDQDJHG$W\SLFDOSUHVHQWDWLRQRIUHVRXUFHVLVHJWKDWRI
3HQURVH  +HSUHVHQWVDZLGH³UHVRXUFHDSSURDFK´LQZKLFKKHDUJXHVWKDWILUPVDUHDGPLQLVWUDWLYH
RUJDQL]DWLRQV DQG FROOHFWLRQV RI SK\VLFDO KXPDQ DQG LQWDQJLEOH DVVHWV %DUQH\   JLYHV D JRRG
RYHUDUFKLQJGHILQLWLRQWRUHVRXUFHV5HVRXUFHVDUHDOODVVHWVFDSDELOLWLHVSURFHVVHVDWWULEXWHVRIWKHILUP
LQIRUPDWLRQ WRGD\ DOVR GDWD DXWKRUV UHPDUN  DQG NQRZOHGJH HWF WKDW WKH ILUPV FRQWUROV DQG HQDEOH
VWUDWHJLHV OHDGLQJ WR EHWWHU UHVXOWV DQG HIILFLHQF\ 7KH ZHOONQRZQ UHVRXUFHEDVHG YLHZ 5%9  DW
FRPSDQLHV VXJJHVWV WKDW ILUPV¶ UHVRXUFHV GULYH YDOXH FUHDWLRQ YLD WKH GHYHORSPHQW RI FRPSHWLWLYH
DGYDQWDJH ,UHODQGHWDO 
7KHUHDOVRDUHVXEFXUUHQWVLQUHVRXUFHEDVHGUHVHDUFKDQDO\VLVRIFRPSDQLHVHJ%UXVKDQG(GHOPDQQ
  QRWH WKDW WKH HPHUJLQJ LQWHUQDWLRQDO HQWUHSUHQHXUVKLS SHUVSHFWLYH SRVLWV WKDW D NH\ GLIIHUHQFH
EHWZHHQ LQWHUQDWLRQDOL]HG DQG QRQLQWHUQDWLRQDOL]HG QHZ YHQWXUHV OLHV LQ WKHLU UHVRXUFH VWRFNV ZKLFK
LQFOXGHVIRXQGHUDWWULEXWHVRUJDQL]DWLRQDOGLPHQVLRQVDQGVRFLDOFRQWDFWV7KHW\SHRIWKHFRPSDQ\DOVR
DIIHFWHGWRWKHOLVWRIFULWLFDOVWUDWHJLFUHVRXUFHVLQWKHUHVHDUFKE\6LUPRQDQG+LWW  IURPIDPLO\ILUPV
+XPDQ&DSLWDO6RFLDO&DSLWDO3DWLHQW)LQDQFLDO&DSLWDO6XUYLYLELOLW\&DSLWDODQG*RYHUQPHQW6WUXFWXUH
&DSLWDO$OOWKHVHYDU\LQWLPHDQGWKH\KDYHDQHIIHFWRQWKHSDFH DFWLRQYVWLPH WKDWWKHILUPFDQGHYHORS
DQGJURZ
,VWLPHLWVHOIDUHVRXUFHIRUDILUPGHVSLWHWKHIDFWLWUDUHO\JHWVOLVWHGZKHQFUHDWLQJDQLPDJHRIDILUP"
(J6LUPRQHWDO  ZDQWHGWRFKDOOHQJHWKHGRPLQDWLRQ5%9SDUDGLJPE\³OLQNLQJYDOXHFUHDWLRQLQ
G\QDPLFHQYLURQPHQWDOFRQWH[WVWRWKHPDQDJHPHQWRIILUPUHVRXUFHV´$QGDVWKHGHILQLWLRQDQGHVVHQWLDO
PHDQLQJRIWKHZRUG³G\QDPLFV´SURSRVHVLWLVDERXWPRYHPHQWDJDLQVWWLPH6RWLPHFDQEHVHHQDVD
VXEHOHPHQWRIDOORWKHUUHVRXUFHVRUDPHWDUHVRXUFHDIIHFWLQJWKHYDOXHDQGH[SORLWDWLRQRSSRUWXQLWLHV
DQGFKDOOHQJHVRIDOORWKHUUHVRXUFHV
$V:HUQHUIHOW  SRLQWHGRXWZKDWLVFRPPRQWRWKHILUPVYLHZRQWKHLUUHVRXUFHVRIDOONLQGVLVWKDW
³:KDWDILUPZDQWVLVWRFUHDWHDVLWXDWLRQZKHUHLWVRZQUHVRXUFHSRVLWLRQGLUHFWO\RULQGLUHFWO\PDNHVLW
PRUHGLIILFXOWIRURWKHUVWRFDWFKXS´:HUQHUIHOWDOVRVWDWHVWKDWLQRUGHUWRDQDO\VHDUHVRXUFHIRUDJHQHUDO
SRWHQWLDOIRUKLJKUHWXUQVDFRPSDQ\KDVWRILQGZD\VLQZKLFKDILUPZLWKDVWURQJSRVLWLRQFDQLQIOXHQFH
WKHDFWLRQDQGUHWXUQVRIILUPVZLWKDZHDNHUSRVLWLRQUHODWHGWRWKHUHVRXUFHLQTXHVWLRQ
,IDQGZKHQWLPHLVDXQLYHUVDOUHVRXUFHKRZFDQDILUPDFWEHWWHURQLWWKDQFRPSHWLWLRQ"$UHQWHJWKH
PDUNHWRSSRUWXQLWLHVWKHVDPHDQGNQRZQIRUDOO",VKDYLQJPRUHWLPHEHQHILFLDOWRDFRPSDQ\ZLWKOHVV
WLPHLQWKHLUXVHRUFDQWKHWLPHG\QDPLFVHYHQZRUNLQDUHYHUVHPDQQHU"7LPHLVE\GHILQLWLRQDFRPSOH[
LVVXHWRGHDOZLWK
7KHUH LV D FRQVLGHUDEOH DPRXQW RI UHVHDUFK UHODWHG WR WLPHERXQGHGQHVV DQG QHZ EXVLQHVV DQG ZLWK
GUDVWLFDOO\FRQWURYHUVLDOFRQFOXVLRQV7KHOLQHRIWKLQNLQJVXJJHVWLQJWKDW³IDVWHULVEHWWHU´ZDVGRPLQDWLQJ
WKHGLVFXVVLRQLQWKHVDQGD,Q6WDONFDPHXSZLWKWKHWHUPWLPHEDVHGFRPSHWLWLRQWR
KLJKOLJKWWKHLPSRUWDQFHRITXLFNWLPHWRPDUNHWLQWRGD\ VLQWHQVLYHFRPSHWLWLYHHQYLURQPHQW&ODUN  
HVWLPDWHG WKDW IRU HDFK  FDU ODXQFK DQ\ DGGLWLRQDO GHOD\ GD\ LQ LQWURGXFLQJ D QHZ PRGHO
UHSUHVHQWHGDPLOOLRQORVVLQOLIHWLPHSURILWIRUDFRPSDQ\$0F.LQVH\VWXG\TXRWHGE\&RKHQHWDO
 UHSRUWHGWKDWRQDYHUDJHVWXGLHGWHFKFRPSDQLHVORVWRIDIWHUWD[SURILWZKHQWKH\VKLSSHG
WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S

SURGXFWVVL[PRQWKVODWHDVFRPSDUHGZLWKWKHORVVHVRIZKHQWKH\HQGHGXSRYHUVSHQGLQJRQ
SURGXFWGHYHORSPHQW
+RZHYHUWKHVSHHGLPSOLHGRIWHQE\ODFNRIUHVRXUFHVWRHODERUDWHRQWKLQJVDQGWKXVOHDGLQJWRMXPS
RYHULPSRUWDQWVWHSVRIGHYHORSPHQWDQGOHDUQLQJ HJ0DUPHUHWDOE ±PD\DOVRDIIHFWDFRPSDQ\
QHJDWLYHO\2YHUO\DFFHOHUDWHGGHYHORSPHQWPD\OHDGWKHFRPSDQ\WRODXQFKLPPDWXUHWHFKQRORJLHVRU
ODXQFKLQJLQWRRPXFKRIDQWLFLSDWLRQIRUPDUNHWRSSRUWXQLW\ILUPVWKXVEHLQJQRWDEOHD WRUHDFKHYHQWKH
LQQRYDWLYHFXVWRPHUVWKDWPDNHVRPHPDUNHWIRUWHFKSURGXFWVLQERWK%XVLQHVVWR&RQVXPHUDV
ZHOODV%XVLQHVVWR%XVLQHVVVSKHUHV DFFRUGLQJWR0RRUH RUE VSHQGLQJWRRPXFKWLPHWRUHDFK
FULWLFDOPDVVHVRIFXVWRPHUVLQHDUO\DGRSWHUDQGHDUO\PDMRULW\FXVWRPHUJURXSV DQGVKDUHVRI
WRWDOPDUNHW0RRUH LELG 
/DWHO\6WDQNRHWDO  LQWKHLUUHVHDUFKDLPHGDWDQVZHULQJDTXHVWLRQZKHWKHUWKHVSHHGWRPDUNHW
LVDEOHVVLQJRUDFXUVHDIWHUDZLGHUHYLHZRIHDUOLHUUHVHDUFKSURSRVLQJFRQWUDU\DQVZHUVWRWKHTXHVWLRQ
7KHWDNHDZD\RIWKHZRUNDQGUHVXOWVRI6WDQNRHWDOLVLQLWVSRLQWPDGH7KHTXHVWLRQFDQQRWEHDQVZHUHG
ZLWKRXWXQGHUVWDQGLQJWKHLQWHUQDODQGH[WHUQDOFRQWH[WRILQQRYDWLRQVWREHODXQFKHG7KH\VWDWHWKDWLI
WKHUH LV D KLJK OHYHO RI QHZQHVV RI WKH LQQRYDWLRQ WR WKH FRPSDQ\ ZRUNLQJ RQ LW LQWHUQDO QHZQHVV 
DGGLWLRQDOVSHHGLQGHYHORSPHQWPD\EHYDOXHGHVWUR\LQJ7KHVRFDOOHGILUVWPRYHUDGYDQWDJHVXJJHVWLQJ
TXLFN ODXQFKHV RI QHZWRPDUNHW LQQRYDWLRQV H[WHUQDO QHZQHVV  ZDV QRW VXSSRUWHG HLWKHU :KHQ WKH
SURGXFWEHDUVOHVVLQQRYDWLRQQHZQHVVERWKLQWHUQDOO\DQGH[WHUQDOO\WKHVSHHGWRPDUNHWLVRQHRIWKH
FUXFLDOHOHPHQWVRIOLIHWLPHSURILWDELOLW\RIWKHLQQRYDWLRQ
7KXVWKHUHLVQRVLQJOHKDQGHGDQVZHUWRWKHTXHVWLRQZKHWKHUOLPLWHG OLPLWHGE\WKHH[WHUQDOHQYLURQPHQW
DQGUHVRXUFHVRUILUPVRZQSURFHVVHV WLPHLVDIIHFWLQJSRVLWLYHO\RUQHJDWLYHO\WRDVXFFHVVRIDQHZ
LQQRYDWLYHYHQWXUH)LJXUHVXPPDUL]HVWKHILQGLQJVIURPSULRUDUWUHVHDUFKDQGOLWHUDWXUHSRUWUD\LQJERWK
HDUO\DQGGHOD\HGODXQFKRSWLRQVDQGWKHEHQHILWVRIERWKRSWLRQV,WLVHDV\WRPDNHWKHFRQFOXVLRQWKDW
WLPHUHODWHGFRPSHWHQFHRIDQHZEXVLQHVVGHYHORSHUDQGHQWUHSUHQHXUFDQQRWEHPHDVXUHGLQWKHOHQJWK
RI WLPH EXW LQ D FRUUHFW EDODQFLQJ RI WLPH EHWZHHQ VKRUW DQG ORQJHU WHUP DQG EHLQJ VLWXDWLRQDOO\ DQG
FRQWH[WXDOO\VHQVLWLYHLVGHFLVLRQPDNLQJ



)LJXUH&RQWURYHUVLDOIRUFHVDIIHFWLQJWKHVSHHGRIODXQFKLQJWRPDUNHW

%DVHGRQWKHILQGLQJVLWLVHDV\WRHQWHULQWRWKHFRQFOXVLRQWKDWWKHEDWWOHRIZLQQLQJWKHPDUNHWSODFHIRU
DQHQWUHSUHQHXULVQRWMXVWXVLQJWKHPLQLPXPDPRXQWRIWLPHEXWXVHWKHULJKWDPRXQWRIWLPHDQGXVHLW
ZLGHO\7KLVPHDQDELOLW\WRFRSHZLWKPXOWLSOHWLPHKRUL]RQDFWVLPXOWDQHRXVO\ZLWKPDQ\WLPHVFRSHVDQG
FKRRVHDQGPDQDJHVXLWDEOHVFDQQLQJDQGSODQQLQJWRROVIRUWKHQHHGV
WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S



9DULRXVWLPHKRUL]RQVDQGDEXQGDQFHRIWRROVWRZRUNRQWKHPDVDQHQWUHSUHQHXULDOFKDOOHQJH

6XPPDULVLQJ WKH NH\ HVVHQFH RI SUHYLRXV FKDSWHUV LW KDV EHFRPH REYLRXV WKDW WKH SUREOHP IDFLQJ
HQWUHSUHQHXUVZLOOLQJDQGFRPPLWWHGWRDFWVPDUWO\ZLWKWLPHLVQRWWKHVKRUWDJHRIWRROVDQGIUDPHZRUNV
EXWUDWKHUWKHDEXQGDQFHRIWKHPDQGXQFOHDUVHOHFWLRQFULWHULDDQGJXLGDQFHRQZKLFKWRROVWRXVH)RU
HDFKLQGLYLGXDOWRROWKHUHLVDYDLODEOHOLWHUDWXUHRQWKHSURFHVVLQTXHVWLRQVWXGLHVRIHIIHFWVDQGFULWLFDO
VXFFHVVIDFWRUVIRUSODQQLQJDQGVFDQQLQJSURFHVVHV
'LIIHUHQWWLPHKRUL]RQVDUHOLNHO\WRUHTXLUHPXOWLSOHWRROVWKDWFDQ¶WEHXVHG RQO\ VHTXHQWLDOO\EXWDVWDUW
XS FRPSDQ\ DQG LWV RZQHUVPDQDJHUV QHHG WR UXQ PDQ\ SURFHVVHV SDUDOOHO 7KLV FRPSOH[LW\ RI WLPH
KRUL]RQVWKDWURVHIURPWKHOLWHUDWXUHUHYLHZLVDOVREDFNHGE\ILQGLQJVIURPWKHILQDQFLQJVWDWLVWLFVRIWKH
PDLQ LQYHVWPHQW YHKLFOH WR VWDUWXS FRPSDQLHV 9HQWXUH &DSLWDO LQGXVWU\ 7KH DYHUDJH H[LW WLPH IRU
LQYHVWRUV EDVHGRQFRPSLODWLRQRIUHSRUWVRQ19&$ 1DWLRQDO9HQWXUH&DSLWDO$VVRFLDWLRQRI86 KDV
ULVHQIURPWKH\HDUVLQWKHWHFKERRP\HDUVRIHDUO\VWRFORVHWR\HDUVLQ7KLVPHDQVWKDW
ZKLOHWKH9&LQYHVWRUVDUHH[SHFWLQJDQHDUO\VWDUWDQGJURZWKRIVDOHVUHYHQXH VXJJHVWLQJWKHUDSLGWLPH
WRPDUNHW LQRUGHUWRUHDFKWKHUHDVRQDEOHOHYHORIVDOHVWKDWSDUWO\GHWHUPLQHVWKHYDOXHRIWKHH[LWVDOH
LH³PXOWLSOH´ RIVDOHVWRGHILQHWKHFRPSDQ\YDOXH WKH\DWWKHVDPHWLPHQHHGWRDGPLWWKDWWKHSURGXFWV
DQGVHUYLFHVZLOOIDFHPDMRUUHYLVLRQVEHWZHHQWKHLQYHVWPHQWDQGH[LWWLPH
7KHGLOHPPDRIGHDOLQJZLWKYDULRXVWLPHKRUL]RQVLVYLVXDOL]HGLQ)LJXUH$VWDUWXSFRPSDQ\PXVWILQG
DQ DJLOH ZD\ RI QDUURZLQJ LWV VFRSH IURP LGHDWLRQ E\ VHOHFWLQJ WHVWLQJ DQG HYHQWXDOO\ UROOLQJ RXW WKH
SURGXFWVDQGVHUYLFHVW\SLFDOO\LQ\HDUV¶WLPHIURPWKHLGHDJHQHUDWLRQ7KHFORVHUWRWKHUROORXWGDWH
WKH³QDUURZLQJIXQQHO´JHWVPRUHFORVHLWDOVRJHWVWRWKH³ZLGHQLQJIXQQHO´ZKHUHQHZWHFKQRORJLHVDQG
RSSRUWXQLWLHVUHSUHVHQWLQJXQFHUWDLQW\
7KHDFFXPXODWHGNQRZOHGJHRQKRZWRXVHPXOWLSOHWRROVDQGIUDPHZRUNVRIVFDQQLQJDQGSODQQLQJKDV
EHHQ H[WUHPHO\ ORZ VLQFH WKH OLWHUDWXUH DQG UHVHDUFK KDV PRVWO\ IRFXVHG RQ VWXG\LQJ DQG LPSURYLQJ
LQGLYLGXDOPHWKRGVQRWWKHLULQWHJUDWLRQ



)LJXUH7KHFRPSHWLQJIXQQHOVDQGKRUL]RQV±SODQQLQJYVVFDQQLQJ

7KHDFFXPXODWHGNQRZOHGJHRQKRZWRXVHPXOWLSOHWRROVDQGIUDPHZRUNVRIVFDQQLQJDQGSODQQLQJKDV
EHHQ H[WUHPHO\ ORZ VLQFH WKH OLWHUDWXUH DQG UHVHDUFK KDV PRVWO\ IRFXVHG RQ VWXG\LQJ DQG LPSURYLQJ
LQGLYLGXDOPHWKRGVQRWWKHLULQWHJUDWLRQ
7KHFROOHFWHGGDWDRIH[LVWLQJFRQFHSWVDQGWKHLUUHODWLRQVLQWKHSULRUDUWUHVHDUFKVKRZWKDWFKRRVLQJWKH
FRUUHFW UHOHYDQWWRWKHEXVLQHVVGHPDQGVDQGUHVRXUFHVDYDLODEOH PHWKRGVRISODQQLQJDQGVFDQQLQJ

WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S

DQGHVSHFLDOO\FRPELQLQJWKHPLVDGLIILFXOWWDVNWRDQ\RUJDQLVDWLRQ3RSSHU  LQWURGXFHG)RUHVLJKW
'LDPRQG VHH)LJXUH WKDWLVORRNLQJDWGLIIHUHQWPHWKRGVRIIRUHVLJKWZLWKWKUHHGLPHQVLRQVLQPLQG
x7KHPDLQVRXUFHRIWKHNQRZOHGJHXVHG&UHDWLYLW\YV(YLGHQFH
x7KHW\SHRISURFHVVDQGUROHVXVHGLQWKHSURFHVV([SHUWEDVHGYV,QWHUDFWLRQ
x7KHW\SHRIGDWDXVHG4XDOLWDWLYHYV4XDQWLWDWLYH DQGLQEHWZHHQ 





)LJXUH)RUHVLJKW'LDPRQG 3RSSHU 

$V FDQ EH VHHQ 3RSSHUV 'LDPRQGKRVWV PHWKRGVWKDW FDQ EH FRPELQHG LQ D P\ULDG RI ZD\V WR
FUHDWHDIRUHVLJKWSURFHVVIRUDQRUJDQLVDWLRQ$OVRWKHFRQFHSWVVXFKDV³H[SHUWLVH´DQG³HYLGHQFH´DUH
DW WKHLU KHDUW IX]]\ DQG VRPHRQH PLJKW ZDQW WR SODFH HJ ZHDN VLJQDOV WR HYLGHQFHHQG RI VSHFWUXP
ZKHUHDVRQHZRXOGVD\WKHGDWDLVDWWKHSRLQWRIDVVHVVPHQWVFDUFHVRZRUNLQJRQFKDQJHVKLQWHGE\
ZHDNVLJQDOVLQPRUHRIFUHDWLYHQDWXUH$OVRRQHFDQVWDWHWKDWH[SHUWLVHDQGLQWHUDFWLRQDUHQRWRSSRVLWH
HQGRIDVDPHFRQWLQXXP
7KHPRGHOE\3RSSHUKDVLWVYDOXHWRDSURIHVVLRQDOIXWXUHVUHVHDUFKHUEXWGRHVQRWUHVRQDWHWKDWZHOO
LQ WKH FRQWH[W RI UHVRXUFH DQGWLPHOLPLWHG 60(V DQG VWDUWXSILUPV WRZKRP IRUHVLJKW SURFHVVHV DUH
GRQHDORQJVLGHRWKHUGXWLHV
$QG\HWWKHPRGHOFDQWJLYHDQDQVZHUWRTXHVWLRQVWR³:K\"´DQG³+RZ"´
:K\TXHVWLRQVDUHRIWKHQDWXUH³:KDWLVWKHJRDORIWKHDQWLFLSDWLRQSURFHVVDWKDQG7RVFDQDYDVW
QXPEHURIRSSRUWXQLWLHVRUQDUURZWKHSRWHQWLDOGLUHFWLRQVWRJRWR"´
+RZTXHVWLRQV DVN LVVXHV VXFK DV ³:KRP WR LQYROYH LQ WKH SURFHVV ZKDW DUH WKHLU UROHV"´ DQG
³*LYHQWKHUHVRXUFHV ILQDQFLDOKXPDQDQGWLPHUHVRXUFHV
:HSURSRVHWKHUHVHDUFKDQGSUDFWLWLRQHUFRPPXQLW\WRZRUNRQWZRIURQWVWRLPSURYHWKHPDQDJHPHQW
RIWLPHLQHQWHUSULVHVQDPHO\WKRVHRI
WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S

GHYHORSLQJDGYDQFHGNQRZOHGJHRQWKHVHOHFWLRQFULWHULDIRUWKHWRROVDQGSURFHVVHVWRXVH
ORRNLQJIRUZD\VRILQWHJUDWLQJLQGLYLGXDOWRROVWRFUHDWHFRKHUHQWPDQDJHULDOSURFHVVHVWKDWVHUYH
IRUERWKWKHVKRUWWHUPDQGORQJWHUPJRRGIRUWKHFRPSDQ\HQJDJLQJLQWRSODQQLQJDQGVFDQQLQJ
DFWLYLW\

,QWKHIROORZLQJILJXUHV DQG WKHDXWKRUVVKRZH[DPSOHV IROORZLQJWRDFHUWDLQH[WHQWWKHPRGHORI
3RSSHU RIXVDJHRIGLPHQVLRQVWKDWPLJKWIDFLOLWDWHWKHFKRLFHRIWKHFRUUHFWPHWKRG V WREHXVHG0RUH
GLDPRQGVFRXOGQDWXUDOO\EHGUDZQE\FRPELQLQJWKHGLPHQVLRQ [DQG\D[LVRIWKHGLDPRQGV LQDQHZ
ZD\



)LJXUH6FDQQLQJDQG3ODQQLQJ0HWKRG³'LDPRQG´EDVHGRQWLPHDQGIRFXV QDUURZLQJRUZLGHQLQJWKH
YLHZV ±GLPHQVLRQV




)LJXUH6FDQQLQJDQG3ODQQLQJ³'LDPRQG´EDVHGRQFRPSDQ\UHVRXUFHVDQGQHWZRUNLQWHUDFWLRQW\SH

WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S

,QWKHODVWILJXUH  WKHDXWKRUVVKRZDQGH[DPSOHRIKRZIRUDQLQGLYLGXDOFRPSDQ\WKHPHWKRGVFRXOG
EHFRPELQHGDQGIHHGHDFKRWKHULQFRQWHQW&DVHVWXGLHVZKHUHWKHVHLQWHJUDWLRQVDUHWDNHQLQXVHZRXOG
EHDQDWXUDOVWHSIRUZDUGLQDGGLQJWRWKHNQRZOHGJHDQGSUDFWLFDOLW\RIWKLVFRQFHSWEDVHGPRGHOOLQJ


)LJXUH3RWHQWLDOLQWHUDFWLRQVEHWZHHQWLPHKRUL]RQVDQGPHWKRGVUHODWHGWRWKHP

'HVSLWHWKHIDFWWKDWWKHILJXUHDERYHGRHVQRWFRQWDLQDOODYDLODEOHPHWKRGVLWLVFDSDEOHRILOOXVWUDWLQJWKH
V\QHUJ\SRWHQWLDORIWKHPHWKRGVHJVRPHILQGLQJVIURPWKHRSHQLQQRYDWLRQSURFHVVFDQEHGLUHFWHGWR
WKHFRQFHSWFRQILJXUDWLRQYLDGHVLJQWKLQNLQJDQGIXUWKHUWRSURGXFWFRQILJXUDWLRQYLD6&580PHWKRGEXW
VRPHPD\GHPDQGWKDWPXFKWHFKQRORJLFDODGYDQFHIURPWKHSUHVHQWWKDWWKH\QHHGWLPHWRHODERUDWH
DQGLWPLJKWHYHQEHZLVHIURPWKHFRPSDQ\QRWWRLQYHVWRZQUHVRXUFHVWRLW\HWEXWIROORZWKHHYROXWLRQ
YLD DFWLYH ZRUN ZLWK 7HFKQRORJ\ 5DGDU $OVR WKH 6&580 PHWKRG  WKDW RULJLQDOO\ LV GHVLJQHG IRU DJLOH
GHYHORSPHQWZLWKVKRUW13' QHZ3URGXFW'HYHORSPHQW'HYHORSPHQW F\FOHWLPH±FDQVSLQRIIQHZLGHDV
WKDWZLOOEHIROORZHGDQGZRUNHGRQRYHUORQJHUSHULRGRIWLPH

 'LVFXVVLRQ
7KHILQGLQJVRIWKLVUHVHDUFKFDQQRWEHVWDWHGWRSUHVHQWWKHZKROHVSHFWUXPRISRWHQWLDOHIIRUWVDQGWRROV
DYDLODEOHIRUVFDQQLQJDQGSODQQLQJIRURSSRUWXQLWLHVWKDWWKHUHDUHDYDLODEOHWRDQHQWUHSUHQHXULDOFRQWH[W
7KH DXWKRUV UHOLHG LQ WKHLU FKRLFH RI FRQFHSWV DQG WRROV WR WKHLU RZQ HDUOLHU FRQFHSWXDO DQG HPSLULFDO 
UHVHDUFK (J 9DVDPR HW DO  6DXNNRQHQ HW DO  DV ZHOO UHYLHZHG ZLGHO\ WKH VFKRODUO\
GLVFXVVLRQDQGSXEOLFDWLRQVRQWKHVXEMHFW
,QVSLWHRIKDYLQJWROLPLWWKHWRWDOQXPEHURIDSSURDFKHVWUHDWHGLQWKLVSDSHUWKHPDLQGLOHPPDVUHODWHG
WRHQWUHSUHQHXULDOILUPVDQGWLPHDVZHOODVFODULW\LQWKHFKRLFHDQGLPSOHPHQWDWLRQRIDSSURDFKHVWRXVH
EHFDPHFOHDUO\GHPRQVWUDWHG

 ,PSOLFDWLRQV
7KH ILQGLQJV RI WKLV UHVHDUFK FUHDWH D UHODWLYHO\ ZLGH ORRN DW WKH DQWLFLSDWLRQ VFDQQLQJ DQG SODQQLQJ 
SUDFWLFHVLQDQRUJDQLVDWLRQDOFRQWH[W,WVHHPVREYLRXVWKDWWKHUHLVRQJHQHUDOOHYHODQDEXQGDQFHRI
SUDFWLFHV\HWVDPHWLPHWKHUHDUH³PLVVLQJOLQNV´LQWKHWRWDOLW\RIRSWLRQVLQZKDWFRPHVWRWKHPDLQDLP
RISUDFWLFHVWLPHIUDPHRIDQWLFLSDWLRQDQGUHVRXUFHVXVDEOHIRUWKHDQWLFLSDWLRQHIIRUW7KHFODVVLILFDWLRQV
WK,QWHUQDWLRQDO(QWUHSUHQHXUVKLS)RUXP
,() &RQIHUHQFH3URFHHGLQJV

9ROXPH5HVHDUFK
DQG5HIOHFWLYH3DSHUV


'HFHPEHU
9HQLFH,WDO\

S

RIGLIIHUHQWWRROVPD\VHUYHIRUDQHQWUHSUHQHXUWREHDEOHWRFKRRVHWKH³FRUUHFW´ UHOHYDQWDQGUHDOLVWLF 
WRROPHWKRGIRUWKHSXUSRVH:KDWLVW\SLFDOWRIXWXUHRULHQWHGUHVHDUFK±WULDQJXODWLRQDNDPXOWLPHWKRG
RUPL[HGPHWKRG DSSURDFK±ZKHUHPRUHWKDQRQHPHWKRGLVXVHGLQRUGHUWRLPSURYHWKHUHVXOWVDQG
SURFHVVLWVHOILVVRPHZKDWPRUHFRPSOLFDWHGLVVXH:KHUHDUHVHDUFKFRPPXQLW\PD\ORRNDWFRQWUDVWLQJ
ILQGLQJVDQGPHWKRGVDVDULFKQHVVDQGDUHVXOWLWVHOI RUDVDVSDUNWRDQHZUHVHDUFK HQWHUSULVHVDQG
HQWUHSUHQHXUVFDQQRWDFWEDVHGRQDPELJXLW\WKH\QHHGDVROLGDQGXQLILHGSURFHVVZKHUHHLWKHURQH
SURFHVVLVGRPLQDWLQJWKHVXSSRUWRIVWUDWHJLFGHYHORSPHQWRU±LIPDQ\SURFHVVHVDUHUXQ±WKHVHSURFHVV
ILWWRJHWKHUDQGJLYHPHDQLQJIXOIHHGVWRHDFKRWKHUWRPDNHWKHPXOWLSOHPHWKRGSURFHVVZRUNDEOH
7KLVODWWHUWDUJHWLV±EDVHGRQWKHILQGLQJRIWKLVVWXG\±DWDUJHWWKDWLVDWWKHPRPHQWDIDUUHDFK

 &RQFOXGLQJ2EVHUYDWLRQV
7KHDXWKRUVRIWKLVSDSHUVWURQJO\SURSRVHDGGLWLRQDOUHVHDUFKRQWLPHDQGHQWUHSUHQHXUVKLS±UHODWLRQVKLS
±UHVHDUFKWKDWZRXOGQRWEHOLPLWHGWRWKHIXWXUHVUHVHDUFKFRPPXQLW\EXWDOVRKDYHDKLJKLQSXWIURPWKH
VWUDWHJLF EXVLQHVV DQG SURMHFW GHYHORSPHQW VSKHUHV DV ZHOO DV IURP WKH NH\ DFWRUV LQ EXVLQHVV
GHYHORSPHQWSURFHVVHQWUHSUHQHXUV DQGWKHUHVHDUFKHUVRIWKHP 7KHVHDUFKIRUSRWHQWLDOQHZWRROV
DQGRU FRPELQDWLRQV RI HDUOLHU WRROV DQG PRGHOV VKRXOG EH NHSW LQ IRFXV LV VXFK HIIRUW 7KH DXWKRUV
WKHPVHOYHV DLP DW GHYHORSLQJ WKHLU RZQ XQGHUVWDQGLQJ RI WKH SKHQRPHQRQ E\ FDVH VWXGLHV DPRQJ
WHFKQRORJ\DQGNQRZOHGJHEDVHGVWDUWXSHQWHUSULVHVDVZHOODVPLUURUWKRVHSUDFWLFHVDJDLQVWSURFHVVHV
DQGIUDPHZRUNVLQHVWDEOLVKHGWHFKQRORJ\NQRZOHGJHLQWHQVLYHILUPV


5HIHUHQFHV

$QWKRQ\07 0F.D\-  )URPH[SHULHQFHEDODQFLQJWKHSURGXFWGHYHORSPHQWSURFHVV
DFKLHYLQJSURGXFWDQGF\FOHWLPHH[FHOOHQFHLQKLJKWHFKQRORJ\LQGXVWULHV-RXUQDORI3URGXFW,QQRYDWLRQ
0DQDJHPHQW  

%DUQH\-  )LUPUHVRXUFHVDQGVXVWDLQHGFRPSHWLWLYHDGYDQWDJH-RXUQDORIPDQDJHPHQW  


%HQ0DKPRXG--RXLQL60LGOHU& 6LOEHU]DKQ3  &RQWULEXWLRQVRI'HVLJQ7KLQNLQJWR3URMHFW
0DQDJHPHQWLQDQ,QQRYDWLRQ&RQWH[W3URMHFW0DQDJHPHQW-RXUQDO  

%ODQN6³:KDWVD6WDUWXS")LUVW3ULQFLSOHV´   RQOLQH $YDLODEOH
KWWSVWHYHEODQNFRPZKDWVDVWDUWXSILUVWSULQFLSOHV VW-XQH 
%RH/LOOHJUDYHQ6DQG0RQWHUGH6  ([SORULQJWKHFRJQLWLYHYDOXHRIWHFKQRORJ\IRUHVLJKW7KH
FDVH RI WKH &LVFR 7HFKQRORJ\ 5DGDU 7HFKQRORJ\ )RUHFDVWLQJ DQG 6RFLDO &KDQJH LQ SUHVV '2,
KWWSG[GRLRUJMWHFKIRUH

%UXQVZLFNHU6 9DQKDYHUEHNH:  2SHQLQQRYDWLRQLQVPDOODQGPHGLXP-VL]HGHQWHUSULVHV
60(V ([WHUQDONQRZOHGJHVRXUFLQJVWUDWHJLHVDQGLQWHUQDORUJDQL]DWLRQDOIDFLOLWDWRUV-RXUQDORI6PDOO
%XVLQHVV0DQDJHPHQW  

&KULVWHQVHQ&  7KHLQQRYDWRU VGLOHPPDZKHQQHZWHFKQRORJLHVFDXVHJUHDWILUPVWRIDLO
+DUYDUG%XVLQHVV5HYLHZ3UHVV

&RKHQ0$(OLDVEHUJ- +R7+  1HZSURGXFWGHYHORSPHQW7KHSHUIRUPDQFHDQGWLPH
WRPDUNHWWUDGHRII0DQDJHPHQW6FLHQFH  

'XQSK\60+HUELJ35 +RZHV0(  7KHLQQRYDWLRQIXQQHO7HFKQRORJLFDO)RUHFDVWLQJ
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Abstract: Anticipation of technological change is crucial for startup companies and entrepreneurs to survive and grow in the
volatile environment. The concepts, processes and tools have mainly been developed in and for larger corporations with
ample resources that can run the often lengthy and slow processes of technology anticipation (TA). The dilemma facing TA
in entrepreneurial startup companies is that they need to build and commercialize their first technology and prepare
simultaneously to its disruption – to anticipate. This paper studies the rationale of TA and the different TA approaches utilized
in technology-based young and evolving companies and proposes a framework – a taxonomy of TA approaches in
entrepreneurial context for further study.
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1. Introduction
Every day, early-stage entrepreneurs face three main uncertainties: technological uncertainties, market
uncertainties, and competitive volatility (Mohr et al., 2010). In this paper, we explore how early-stage
entrepreneurs can deal with technological uncertainties to assure themselves and their stakeholders that the
path they are on will not be destroyed by a surprise attack from a different technological solution.
While the traditional advice to investors of capital is to diversify a portfolio to offset uncertainty, Andrew
Carnegie urged entrepreneurs to deal with uncertainty by adopting a focused strategy: ”Concentrate your
energies, your thoughts, and your capital. The wise man puts all his eggs in one basket and watches the basket.”
The risk with a focused strategy, as Don Moyer (2008) has pointed out, “is that no matter how attentive and
focused you are, the basket you're watching is simply the wrong one.” In this paper, we show how entrepreneurs
can adopt a focused strategy while still ensuring they are not watching “the wrong basket”.
Because many technologies experience significant inflection points in the pace of their development and
because there is often more than one potential technological solution to a problem, technology anticipation is
a crucial skill for entrepreneurs. Yet technology anticipation rarely features in entrepreneurship research or
education.
According to Lee at al. (2011) technological intelligence consists of practices for capturing information of
emerging technologies and delivering it in a usable form to decision making. Technology anticipation is a risk
management practice as well as an opportunity recognition practice (Brown and O’Hare 2001; Fowler and
Hammell 2011; Lopez-Ortega et al. 2006; Mortara et al. 2009; Porter et al.2007). One example of a technique
commonly adopted by large companies is technology roadmapping (Kostoff and Schaller, 2001. Large firms also
have their own specialized resources and connections inside and across industries enabling technology
anticipation. In contrast, little is known about how entrepreneurs of new and small ventures practice technology
anticipation. This paper contributes to the knowledge of foresight by presenting via a qualitative study the tools
and approaches of technology anticipation used by smaller firms – startup companies and entrepreneurs
dependent on technology in their business.
This paper continues as follows: Chapter 2 introduces the theoretical viewpoints of technology anticipation, its
relation to the strategic planning in entrepreneurial context and some practical tools and the recent
advancements and challenges in the field. Chapter 3 covers the methodology and implementation of the
empirical research. Chapter 4 shows the results of the empirical research by introducing three different “modus
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operandi” identified in start-up firms in technology anticipation. In chapter 5 presents conclusions and shows
directions for further study.

2. Literature review
2.1 Anticipation - in the intersection of disciplines
The purpose of this paper is to contribute to the knowledge of future foresight and more specifically technology
foresight also referred e.g. as “future-oriented technology analysis”, as was reflected e.g. in the title of most
covering conferences on the topic arranged biannually. Technology foresight is studied and practiced partly
inside the domain of engineering sciences and partly inside futures research. The research in hand also adds to
the knowledge pool of entrepreneurship as it studies one of the key capability areas of growth-oriented startup companies. With some rare exceptions like the “Innovation to Context” paper by Ballard et al. (2013) there
is very little bridging of these two areas - Technology Foresight and Entrepreneurship to be found. In that sense
the research is of exploratory nature.
In a classical definition of strategy Mintzberg (1987) states that strategy is 1) a plan: it is preparation of actions
to come and resourcing them; 2) a ploy: the continuity of one decision set leading to others; 3) a pattern: an
intentional way to do things repetitively in a certain manner over time; 4) a position: it always relates to the
action of the competition as well as other value chain actors; and finally it is about 5) perspective: this includes
direction and vision. These five P´s of strategy illustrate well how strategic planning places itself very close to
basic components of generating futures research. According to Kuusi et al. (2015) the concept of futures
research should be reserved for those studies that are looking for pragmatically-valid knowledge concerning
possible futures. The sub-concept of future foresight is coined by Kuusi et al. (ibid.) to cover the more pragmatic
side of future studies and consists of systematic debate of different futures. As strategic planning focuses in the
direction of the future, futures foresight practices and processes directly add value to the strategy formation of
companies. According to Dufva and Ahlqvist (2014) a foresight process is a joint effort of stakeholders to explore
futures and interpret them to present actions. This interchange of ideas and interpretations requires processes
and tools such as technology roadmapping (TRM), radical technology inquirer (RTI) and technology radar (TR).
The concept of anticipation chosen to the title concept for this study originates from the recent rise of interest
towards anticipation referred to e.g. by Poli (2014). Anticipation is an umbrella term, under which many different
processes and practices fit in. . Poli (ibid.) summarised the key components for the discipline of anticipation after
his journey through the usage of the concept across sciences: 1) Anticipation is about calculable risks and
incalculable uncertainties 2) Distant future and future in the present differ, the latter one referring to the future
as projection of the past and former one to “proper” anticipation 3) There are continuous and
discontinuous/ruptured futures 4) Systems and organizations vary in their capability to use futures 5)
Anticipations take place in many layers (e.g.. have both social and psychological factors affecting them) and can
be explicit or implicit.
There is wide prior research of individual tools of technology foresight (e.g. by Rinne (2004), Boe-Lillegraven &
Monterde (2015) and of results obtained by using those tools. Recently many scholars have applied tools and
approaches such as Technology Roadmaps, Technology Radar and Technology Landscape in foreseeing the
impacts of technological development in different economical/societal (e.g. Becker et al., 2016) and industrial
(e.g. Kolominsky-Rabas et al., 2015; Stelzer et al., 2015; Rodriguez et al., 2015; Hansen et al.,2015) contexts or
in a combination of an industrial and societal context (e.g. Pietrobelli & Puppato, 2015; Amer et
al.,2016). However, as Boe-Lillegraven and Monterde (ibid.) point out - the foresight approach chosen also
affects the way an organization seeks and interprets information - it has a cognitive effect in addition to its
primary function of providing relevant knowledge to support decision-making. The research in hand aimed at
shedding light on how (the approach and processes) and why (justification, usage) the sample of startup
technology companies – reach for relevant information of the technological change and act upon it.

2.2 Entrepreneurial dilemma - planning vs search
Technology-based entrepreneurs face a core dilemma in developing strategy for their ventures: how to
incorporate into their strategy the future evolution of both their core technology but also potential competing
technologies. There is uncertainty in the direction of their core technology, and even more on technologies they
are less familiar with. Large companies have technology futures officers whose job is to prepare technology
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roadmaps for vast array of technologies that could compete with their core technologies. Start-up entrepreneurs
do not have the resources (time, contacts) for this. They devote their time to thorough planning or thorough
search, but not both. Eliminating this dilemma could greatly improve strategy making by entrepreneurs, their
likelihood of acquiring resources, and their chances of success. Several sub-optimal alternatives are commonly
practiced. One is a “venture flipping” model that requires a total focus on commercializing the current
technology at the cost of not searching for potential competing solutions. This usually requires a short venture
lifetime and early harvest if the entrepreneur is to extract any value from the business. A second is a “hedging
bets” approach that spreads effort across a number of technological solutions without assessing their probability
of success ex ante. The latter has been described as “shotgun sampling” (Fleming and Sorenson, 2003) and it
can consume firm´s resources and energy on testing technology at the expense of building market-based
expertise.
In the field of futures research and specifically to that of technology anticipation, van der Duin (2004) proposed
that critical research on futures in commercial organizations is scarce, it only uses limited resources since “urgent
drives out the important”, and focuses on short term. To improve the practices utilized van der Duin stresses
the usage of multiple background, networked foresight and usage of expert views. Especially the “search” mode
would benefit from these improvements, while planning mode can be handled internally. Patton (2004)
commented that the networking and thus scanning typically happens around industries. Related industries that
may pose a disruptive threat to another industry are ignored. In the words of Kostoff et al. (2005): “Disruptive
technologies can evolve from the confluence of seemingly diverse technologies or can be a result of an entirely
new technological investigation. Existing planning processes are notoriously poor in identifying the mix of
sometimes highly disparate technologies required to address the multiple performance objectives of a particular
niche in the market”.
Start-ups, however, often operate on the margins of an industry or on the borderlines between traditional
industries; and they obviously lack the access to industry networks (and they would need to cover many
industries) of this kind available for scanning, which only underlines the importance of their own anticipation
processes.

2.3 The origin, development and practices of technology anticipation
Technology anticipation as a repetitive, disciplined and strategic action was started in the 1960s by major
research and development organizations such as Department of Defense and National Science Foundation and
NASA in USA, (Gordon, 2003) and followed by large technology corporations like Douglas and Motorola (Willyard
et. al., 1987).
Today, technology anticipation is a well-known practice across industries and companies, who are applying its
principles and tools in strategic planning. Looking at the main engine of net job creation across economies, the
start-up firms, it has been stated by Boghani et al. (2008) that nascent ventures that learn and apply technology
anticipation processes generate stronger R&D proposals and increase their odds to get funding. On the other
hand, a survey done in the early 2000s in UK by Farukh et al. (2001) indicated that a mere 10 % of manufacturing
firms were applying the most commonly known technique – technology roadmapping. Even the ones engaged
in anticipation reported challenges related to starting anticipation processes and “keeping them alive”.
The methods such as Radical Technology Inquirer (RTI), Technology Radar (TR) and Technology Roadmapping
(TRM) form a part of a larger entity: Technology Management. The European Institute of Technology
Management EITIM sets a framework for technology management by defining that “Technology management
addresses the effective identification, selection, acquisition, development, exploitation and protection of
technologies (product, process and infrastructural) needed to maintain a market position and business
performance in accordance with the company's objectives.”(2015)
Simultaneously, the accelerating pace of change referred e.g. as “increased clock speed” (Fine, 1998) and the
increase in the amount of potentially transformative and often intertwined technologies has made technology
anticipation a demanding exercise for firms. How many and which technologies to include to anticipation
processes and which ones not? One of the leading ICT consulting firms Gartner has for years published their
“Hype Cycle curves” of emerging technologies and technology areas .A representative of Gartner, J. Fenn
(2011), coined the purpose of their approach: “Hype Cycle for Emerging Technologies targets strategic planning,
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innovation and emerging technology professionals by highlighting a set of technologies that will have broadranging impact across the business”. In addition to broad Hype Cycle, Gartner publishes separate Hype Cycles
for specific technology areas s. There are close to 2000 individual technologies under Gartner’s radar (ibid.).
The mere number of the technologies (in fact technology areas) in the aggregate level Gartner-curve is
approaching 50 technologies. Also the expected time to mainstream adoption has seen a shift towards 5-10
years of “waiting” time before full commercialization, indicating that investment into development of those
techs has a high risk involved.
Most of the detected technologies in high cycle curves are still at the Technology Trigger-phase. That stage is
defined by Gartner (2016): “A potential technology breakthrough kicks things off...Often no usable products
exist and commercial viability is unproven.” Investing money and effort to technologies in that stage sounds a
risky choice. On the other hand, if a company waits until a technology reaches the stage of the slope of
enlightenment where: “More instances of how the technology can benefit the enterprise start to crystallize and
become more widely understood.” (ibid.) As a result, the competitive advantage obtainable has diminished.

3. The empirical study - method and implementation
To create understanding on how the concepts and practices found from literature and prior research are applied
in the context of tech-based startups, the qualitative approach was chosen. As the purpose of this paper was to
an extent conceptual and as the start-up companies vary so much, a quantitative survey with a representative
sample was not a feasible option. The pool of informants consisted of 5 companies, all of which fulfilled the
following criteria:


The companies operate in technologically-intensive industries and the contextual factors include the
components typical to technology markets



The informants i.e. person(s) interviewed are actors in technology anticipation in the firm they operate or
have operated in (in 4 out of 5 cases the interviewees also had experience of other startups or established
companies).

Companies in the sample are Finnish companies who operate in a global technological environment - by utilizing
technologies of global availability and in the majority of cases also selling their product and services to
international markets. Thus, the results obtained are likely to have generalizability beyond national context.
The interviews were done by the lead author in March-April of 2016, with the duration of 40-60 minutes, and
were conducted in Finnish to help interviewees to express their views without restrictions in language. All
interviews were recorded, loosely transcribed and cross-listened and -analyzed by 2 researchers to avoid the
potential bias of a sole researcher. As van den Berg (1996) has pointed out: “Interview discourse is partly
determined by the way the interview situation and the interview goal or research goal are framed. The selection
and the approaching activities are crucial in this framing process.” The chosen type of companies and
interviewees were discussed in the research group in order to frame the issues and approach..
The data collection happened via semi-structured interview - where the interviewees were informed in advance
by e-mail of the main target of the research in hand and core topics. Longhurst (2003) summarizes the core
principle of such a research design, where the interviewer prepares a list of preliminary topics, but the discourse
in the data collection unfolds in a way that allows the interviewees to express issues and opinions they feel
important. No single method of foresight was named by researchers in the pre-interview information to
informants - in order to avoid directing and limiting their thought processes. This suits to the exploratory nature
of the research, as there was lack of prior research of the phenomenon in the given context. The research
objectives were calling for the approach that has the characteristics that Stebbins (2001) list as the fertile ground
for exploratory research: the researchers are trying to uncover something unstudied and unseen, they have a
particular interest but the research process and data collection are built on openness, pragmatism and flexibility.
With regard to the type of industries, in 4 out of 5 cases the business is of Business-to-Business (B2B) type,
company develops and sells solutions solely to corporate customers, who may then have their own business
either in B2B or business-to-customer (B2C). The industries included in the sample were: Digital marketing
solutions, cargo tracking technology, knowledge intensive energy market services, digital services to telecom
operators, (high end) agricultural vehicles. The sample also had variety in the professional position of the
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interviewees: Business development director (2), chief technical officer, CEO/Owner, Purchasing director. As is
commonplace to qualitative research, in order to understand a relatively rarely studied phenomenon, having a
wide approach in the angles to approach the topic is recommendable. Peskhin (2001) refers to this principle and
practice as using different lenses for the purpose to expand the perceptual efficacy of the researchers. Khan
(2014) titled his recent article on the issue very profoundly, highlighting well the essence of multiple angles approach: “Qualitative Research: A Case for a Multi-Angle View to Enhance ‘Validity [SB1] ’”.

4. The results - typology and features of technology anticipation approaches
The qualitative data from the interviews revealed, when coded, categorized and analyzed, three “main currents”
of anticipation approaches that differ from each other in their processual vs. non-processual nature,
engagement of different actors and forms of knowledge utilized. The typology of the three approaches is
presented below in table 1 and also sharing the interviewees´ views of in which kind of context they are likely to
appear.
Table 1: The typology of the technology anticipation approaches in tech start-ups

The TA Approach/
Paradigm

Timescope
from today

Life-time
expectancy of
individual techs

nr of techs
followed
(not all
reacted to)

Industry
Clockspeed

Customer
industry
clockspeed

Role of
standards and
regulation

Loose Environmental
scanning

appr. 2 years

1-2 yrs

some (3-5)

high

high

low to none

Company-based tech
evaluation and
selection

2-5 years

2-3 yrs

10+

medium

medium

medium

Network-based joint
scenario creation

3-7 years

5-15 yrs

some key
techs (3-4)

low

low

high

In the table 2 below are summarised the typical features - who, what and how - for the three different
approaches. The table also proposes industries to which each approach would naturally fit.
Table 2: The features of the technology anticipation approaches in tech start-ups
The TA
Approach/
Paradigm

Info sources

Info
sharing
tools

People
responsible

Key
question(s)

Strengths (+)
and
weaknesses (-)
of the
approach

Key skills when
implemented,
typical
industries to use

Loose
Environmental
scanning

web
discussions,
crowdfunding
sites, online
media of the
industry

meetings,
blogs,
internal
discussion
forums

the whole
personnel,
customer and
supplier role
low

How quick to
implement
for customer
features,
effort
needed to
master

+
max nr of
“tech scouts”
customer
feature driven
unstructured,
analysis and
criteria for
scouting
ambiguous,
difficult to
share

-fast decision –
making and
rollout
- realistic view of
resources
needed vs. value
Digital
Marketing, ecommerce,
Media

Companybased tech
evaluation and
selection

related
industries
roadmaps,
tech reports,

roadmaps,
roll-out
sequence
plans

CEO as a
customer, CTO
Driven, (key)

The
availability
of tech
(ownership,

+
dependent
techs and
industries

-ability to
choose and
abandon new
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The TA
Approach/
Paradigm

Networkbased joint
scenario
creation

Info sources

Info
sharing
tools

People
responsible

Key
question(s)

Strengths (+)
and
weaknesses (-)
of the
approach

Key skills when
implemented,
typical
industries to use

research
papers,
customers if
firm
relationship

(scrum),
meetings

customers
involved

licensing
model etc.)
Fit to other
techs in own
process synergy

scouted,
integration to
other techs
evaluated
massive data,
coordination

techs (and
present ones)
- agile testing of
tech for process
fit and
performance
- keep readiness
to fast changes
Telecom,
Corporate
System solutions

CEO driven,
Product
Management
resp. for the
process, value
chain partners
involved

The
availability
of tech
globally,
resources of
the
developer,
impact to
own
processes

+ Clear master
document, the
value chain
committed,
functional
experts in
organisation
involved
- Innovation
potential from
other
industries
unnoticed

+ clear
visualization and
responsibility
charting,
constant
updating and
communication

association
and industry
reports,
supplier and
customer
workshops

roadmaps

- Resource
demand high
Manufacturing,
Medical,
Transport

The results show that despite the common context - technology startups - the process of technology anticipation
differs. We propose that entrepreneurs should create their anticipation strategy or/and anticipation mix suitable
to their resources and type of business to succeed in the changing technological landscape.

5. Conclusions
As a general conclusion of this study (described in Chapter 2), it can be stated that technology anticipation in
startup firms is far from a standardized process. The individual characteristics and experience of the firm, people
involved in the anticipation process, and industries the firms operated in and with influenced and affected their
process of anticipation.
The studied ventures used multiple methods and various knowledge categories (like introduced by Dufva and
Ahlqvist) in scanning of potential technologies. The results of scanning did not necessarily proceed to mapping their findings only become codified and articulated once their scanning results fit into their planning horizon;
i.e. to maximum of 2-year Product and Service -roadmaps and roll-out plans.
Gustafsson et al. have introduced in their article (2015) the anticipation efforts versus different horizons, namely
those of mapping horizon and planning horizon. These horizons differ in the timespan and also in the intention.
The mapping horizon – that can be also named scanning horizon (based on the findings of this study) — has a
smaller role than the planning horizon. Even though start-ups create a picture of available technologies by
scanning open-mindedly, their decisions to include a particular technology in future offerings (or exclude a
technology) are made quickly and within a relatively short time span of launching product and features based
on the detected technology in mind. The duration from scanning to planning is more rapid for these ventures
than it would be in larger, established companies. As one of the interviewees put it, “this (flexibility and agility
of adaptation) is the only true competitive advantage the start-ups have when entering the market”. This is
consistent with statements done in scholarly writings: Patton (2004) commented that the inherent
unpredictabilities of technology development and commercialization processes means that overly structured
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technology plans based on predictions and point forecasts can be limiting if not dangerous when planning for
new technologies. Maintaining the flexibility to accommodate changing market dynamics has become an
essential factor in technology planning and foresight. The shorter-term view - planning - clearly dominated the
long-term - scanning - in the processes and practices of the companies studied. Overall, the common tendency
was to keep the anticipation as a relatively free format and unscheduled procedure. This was seen as an
opportunity that enables flexibility. Only occasional remarks of potential shortcomings of such an open and nonformalized effort were made.
The start-up companies studied utilize, often in an unconscious manner, the processual model proposed by
Cheng et al.: They proceed from informal preliminary discussions to inside-out roadmap creation, then to
outside-in validation of their created roadmaps and then to follow-up, including their plans to acquire or develop
chosen technologies. In startups these steps seem to be run parallel with their product development process
and proceeds much faster than in established firms and industries.

6. Discussion
The short horizon of start-up companies in their anticipation efforts may lead to inability to anticipate the
forthcoming profound technological changes in the mapping/scanning horizon. As a result, a company may
direct their scarce resources to technologies that will have a short lifespan. The flexibility and agility has thus
turned into a disadvantage – including unnecessarily fast changing product and service configurations. Quoting
one of the interviewee - a business development director with CTO background: “Some companies could be
called technology tasters. They try to cope with uncertainty by putting efforts to understand and embed the
maximum amount of technologies. This means the offering never settles down”. This comes close to the concept
introduced by Fleming and Sorenson (2003) from MIT, labeled shotgun sampling: Running trials on a maximum
number of technologies in order to decrease the perceived uncertainty of the route to take. In a completely
contrary approach to anticipation – described by the same interviewee as above – some ventures “start their
business development with the exit (=selling the company) in 5 years in mind”. Mapping horizon is applied at
the start, findings moved to the planning horizon, after which the key effort is in growing the sales revenue.
The behavior of start-up companies favoring planning horizon over mapping/scanning horizon can also be
explained by the concept of two competing funnels. In the widely spread concept of innovation funnel (e.g. by
Flynn et al., 2003) a company proceeds step-by-step from a vast number of ideas and opportunities to a
decreasing number of solutions and features to be rolled out. The Scenario Funnel introduced by Gustafsson et
al. (ibid.) works in the reverse way: “the farther we gaze from today´s standpoint towards the future, the more
possibilities are open.” Müller (2012) used the metaphor of continuous branching in the landscape of possibilities
to describe this opening and widening funnel. Balancing between the decreasing uncertainty inside the
innovation funnel and increasing uncertainty inside the scenario funnel seems to affect the anticipation efforts
in the way that the focus shifts to shorter term view, planning horizon.
The approaches adopted by start-up firms in anticipation does not automatically link to their overall innovation
strategy. The basic strategies of pioneering, fast-follower and opportunistic strategies of innovation can utilize
all three of the technology anticipation approaches identified. Min et al (2005) point out that the adopted choice
between pioneering and early following has an impact on the startup survival probability, but for an individual
company no predictions of survival should be linked to this strategic dimension only. Also true success is a clearly
different than survival. It seems logical that certain overall innovation strategies would have a natural fit to some
anticipation approaches. Future research could include the analysis of general innovation strategies and linking
them to anticipation approaches to determine impact on success of similar nascent science-technology based
ventures.
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Abstract
Start-up companies have been recognized as key drivers of wealth and job creation. Many students now in universities will
therefore find their future employment in start-up companies, or will found them. Success in the start-up environment
requires a specific set of skills. There is a growing supply of university education for new venture creation and an increasing
demand for interaction between universities and start-up ventures so that knowledge can be transferred between them.
This article evaluates the potential of a programme designed to enable holistic collaborative entrepreneurial learning
between start-up companies and students. The authors measure the impacts of the programme on participants’ selfassessment of their capabilities and of critical capabilities for start-up success, comparing assessments before the start of
the programme, at its end and 1 year subsequently. The results show that an impact on such assessments can be achieved
and that the two distinct groups can learn together, but questions remain with regard to the retention of learning.
Keywords
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A start-up is a human institution designed to create a new
product or service under conditions of extreme uncertainty.
(Ries, 2011: 27)

Since the economic crisis of 2008, small and medium-sized
enterprises (SMEs) have been the most important engines
of net job creation in most economies (see Wymenga et al.,
2011). For example, a survey published in 2011 found that
SMEs were responsible for some 85% of the net employment growth between 2002 and 2010 (de Kok et al., 2011).
Furthermore, between 2002 and 2010, SMEs had a higher
employment growth rate (1% annually) than large enterprises (0.5%), and their annual employment growth rate
was on average higher than that of the total European
Union (EU) population (about 0.4% annually) and that of
the total active population in the EU (0.8%; European

Commission, 2012). The Ewing Marion Kauffman Foundation has examined the importance of specific types of
start-ups in net job creation (Kane, 2010; Kauffman Foundation, 2013).
Thus, by providing relevant knowledge to support these
evolving companies, universities can play a key role in the
development of start-ups, enhance the employment prospects of their students and have a beneficial impact on
society at large. To realize this potential, new forms of
co-learning between universities and start-up companies
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need to be developed and, since the dynamics of start-up
companies are different from those of established industries
(see, e.g. Mohr et al., 2010), universities will also need to
step out from their comfort zone to design and test new
modes of working. Collaboration between industry and
academia is not a risk-free activity but, as Jones and Clulow
(2012) have pointed out, ‘though industry-academic collaborations can be challenging, the benefits certainly outweigh the risks’. Jones and Clulow do not specify which
of the many types of collaboration they have in mind – and
of course industry–academic collaboration covers a wide
range of activities, from joint research to technology transfer
to joint venturing. To understand the specific risks and benefits of novel modes of collaboration, such as co-learning
programmes with start-up companies (the subject of this
article), and to make continuous improvements to the learning results of such programmes, the business impacts and
learning retention need to be analysed and assessed.
This article describes an intensive 8-week coaching programme developed for first-time science and technology
entrepreneurs and implemented in many universities in the
United States and Europe, and analyses its effects on a cohort
of students and entrepreneurs at JAMK University of Applied
Sciences in Finland. The unique feature of the programme is
that, on the one hand, it helps start-up entrepreneurs to
develop an overall strategic plan, articulate and defend a
business model for the nascent phase of their company-tobe, aiming for growth and a move into international markets
and, on the other hand, it simultaneously forms part of a fullsemester specialization course in high-tech management for a
multinational group of bachelor’s students, who act as ‘assistant coaches’ to the entrepreneurs guided by faculty members
who are certified instructors in the method.
In the next section, we demonstrate a theoretical rationale for an experiential, ‘structured facilitation’ approach
to enterprise education. In our methodology section, we
explain how we measured the self-efficacy of students and
entrepreneurs before the programme began, at its close and
1 year later. Our results show that it is possible to create colearning modes through which students and entrepreneurs
can learn together and support each other’s learning. The
results also show that notable learning results can be
achieved in an intensive coaching arrangement that differs
from standard university teaching practices. We conclude
by discussing the pre-requisites for the success of similar
types of co-learning initiatives and ways to improve the
practice of entrepreneurship education. We also identify
avenues for future research.
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the industry sector. The case studied in this article is an
intensive coaching programme for first-time entrepreneurs
in the fields of science and technology. Mohr et al. (2010)
characterize high-technology ventures as facing high market
uncertainty, high technological uncertainty and high competitive volatility. Fine (2008) suggests that the pace of
change in the value chain structures of industries and the
time frame in which the value chain must operate have been
increasing with the evolution of new industries. These characteristics set a number of teaching and learning challenges
for high-technology businesses. For example, learning from
past examples (such as historical case studies) has limited
applicability to present conditions. Indeed, since the future
workplace of many students will be in companies and industries only recently born, or even yet to be born:
live projects – solving research and development projects
assigned by enterprises – have also a meta-purpose from the
educator’s point-of-view: in addition to offering networking
opportunities and working-life based learnings to students,
[they offer] the teacher or learning facilitator an opportunity
to mirror the relevancy of the other theories and tools taught in
other modes of learning. (Saukkonen, 2014: 7)

High-technology companies vary in the size of their
sales, operations and organization. Mature firms have specific departments for research and development, business
intelligence and so on perhaps leaving them less in need of
seeking new information and knowledge through education–enterprise interaction. Start-up companies, however,
are typically short of human resources. Furthermore, the
dynamic capabilities needed for success vary as ventures
develop (Marmer et al., 2011). These factors suggest that
technology-based start-up companies may reap significant
benefits from enterprise–education interaction, since their
own knowledge resources are limited in size and variety,
especially in the case of first-time entrepreneurs. Also, their
projects tend to include many changes of direction and
questions are more open-ended, leaving room for the student’s own initiative and methods of getting results. This
flexibility and mobility in relation to goals is captured by
Ries (2011) in his definition of a start-up as ‘an organization dedicated to creating something new under conditions
of extreme uncertainty’.
High-technology business is a global marketplace in
which solutions have the potential to spread rapidly, even
virally. Thus international students with skills in multiple
languages and knowledge of different cultures, and familiar
with modern data search methods, can assist a non-mature
technology firm with the outputs of their learning.

The theoretical basis
Specific nature of technology-based start-ups

Education for entrepreneurship

Not all entrepreneurs are the same. The issues they face may
vary according to the development stage of the business and

Entrepreneurship as a topic of education is both widely
implemented and widely debated. Scholars and
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practitioners differ on what needs to be learned in
entrepreneurship-related courses and how the learning can
be achieved and supported/facilitated. One commonly promoted aim of entrepreneurship education is to foster an
entrepreneurial mindset (EM). As Kleine and Yoder
(2013) note, there is ambiguity in the literature on what
exactly constitutes an EM, but nevertheless learning process designers must create educational activities that foster
it. To give some practice-based clarity to EM (‘M’ stands
for ‘mindset’ for some authors and ‘motivation’ for others),
a recent literature review by Kauffman Foundation (2015)
suggests that the most commonly explored constructs in
EM research include: a need for achievement, risk taking,
a tolerance of ambiguity, a locus of control, self-efficacy
and goal setting.
These dominant research topics may give some guidance as to the kind of impacts entrepreneurship education
is expected to have on its recipients, and they do not necessarily conflict with the way education has developed.
According to Arum and Roska (2011), cultivating critical
and creative thinking is regarded by many as the primary
purpose of an undergraduate education, while Kleine and
Yoder (2013) argue that the ability to think creatively and
critically is fundamental to entrepreneurial activity. On this
basis, there is a common goal in the education of entrepreneurs and of undergraduate students in general. At the same
time, many if not all the items in the above list from the
Kauffman Foundation’s study cannot be learned from
transmissive teaching methods, but rather are exercised or
attained through working on an entrepreneurial activity.
Success as an entrepreneur is not due to mindset alone.
Gompers et al. (2006) argue that entrepreneurship is a skill,
pointing out that serial entrepreneurs who have succeeded
in the past are more likely to repeat their success than firsttime or failed entrepreneurs, which may suggest that success is not so much due to experience as to learned skills
that can be reused. Such skills can be taught, although the
most appropriate learning process is likely to differ from
that of more traditional business education.
One popular method of enriching the teaching approach
in entrepreneurship is to expose learners to stories and
cases of discovery (of opportunities and solutions) and the
exploitation of entrepreneurial opportunities. This
approach helps students by providing them with examples
they can recall when encountering market opportunities
and resource gaps in their professional future. According
to Fiet (2000), such examples help to create an understanding of what is possible and what is feasible in situations the
student is likely to encounter later. Aronsson (2004) and
Garavan and O’Cinneide (1994) point out that educational
programmes that are highly specialized in a single technical
domain or a specific profession are not well suited to the
broad-based and practice-oriented training required to
teach entrepreneurial skills. Thus training programmes
designed to enhance entrepreneurship potential should
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have a high practice orientation, addressing a broad set of
managerial, leadership and organizing skills. This quest for
practice based and practice orientation has clear parallels
with the concept of experiential learning in the pedagogical
literature.
Corbett (2005), following the ideas of Luckmann
(1996), explains that experiential learning, in which the
learner constructs knowledge, skills and value from direct
experience, suits the entrepreneurship arena much better
than the alternative behavioural learning approach of stimulus-response. However, the Kolb learning cycle (Kolb
and Kolb, 2005) suggests that entrepreneurs may learn best
through a combination of active experience and generalizing their learning through appreciation of theory.
In summary, a body of scholarship suggests that entrepreneurship can be taught and, at its best, entrepreneurship
education can serve the needs of both entrepreneurs and
undergraduate students (and also of the educational institution facing demands for more intensive participation in
wealth creation). For the optimal learning outcome, the
learning process must have a strong practice orientation
and must include elements of experiential learning.

Collaborative learning in university–company
interaction
While teaching students about and for entrepreneurship is
common practice, less common are programmes that bring
external entrepreneurs into the same learning process with
the students, thus making entrepreneurship education an
aspect of university–company interaction.
The theory of the Triple Helix was developed by Etzkowitz and Leydesdorff (1995) to represent and analyse the
interplay between government, academic institutions and
business. Universities and industry, traditionally distinct
spheres, are now each assuming tasks that used to be associated with the other (Etzkowitz and Leydesdorff, 1995). In
the Triple Helix interplay, governments offer incentives to
encourage academic institutions to reach beyond their traditional functions and make a more tangible contribution to
wealth creation.
In addition to the growing pressure on universities to
collaborate with business, traditional or ‘transmissive’
learning methods (Brown et al., 2014) have been partly
replaced or complemented by a variety of new methods
(see e.g. Astin, 1993; Gibbs, 2010). Many of these new
methods focus on improved learning outcomes via two
activities that are less common in traditional teacher-led
knowledge dissemination: (a) improved student engagement, and (b) bringing real-life experience into the learning
environment.
‘Student engagement’ can be understood as the intensity
with which learners engage in the learning process. The
terms student engagement and ‘student motivation’ are
often used interchangeably (see e.g. Lin and Gregor,
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2006; Oliver and McLoughlin, 1999). Engaged – that is,
motivated – students are likely to undergo ‘deep learning’:
In the deep learning approach: the intention to extract meaning
produces active learning processes that involve relating ideas
and looking for patterns and principles on the one hand and
using evidence and examining the logic of the argument on the
other. The approach also involves monitoring the development
of one’s own understanding. In the surface approach, in contrast, the intention is just to cope with the task, which sees the
course as unrelated bits of information which leads to much
more restricted learning processes, in particular to routine
memorisation. (Entwistle, 2000: 3)

This analysis suggests that highly engaged learning
modes and pedagogical choices that promote deep learning
will be best suited to students with some background and
experience of the subject, or at least students who can
identify with the subject. Kay and Knaack (2009) argue
that the achievement of high-level engagement and thus
deeper learning is related to the amount and quality of
interaction. While Kay and Knaack used web-based tools
as learning objects to be examined in their study, the same
approach and principle can be applied to other learning
objects, from course workbooks to coaching session
agendas.
Another line of research studies the impact of a teambased environment on engagement and learning. Teamwork should be conceptually distinguished from other work
or learning activities that take place in groups. According to
Ellis and Bell (2005):
Organizations are increasingly relying on action or performing
teams, which conduct complex, time-limited engagements
with audiences, adversaries, or challenging environments in
‘performance events’ for which teams maintain specialized,
collective skill. (p. 3)

The question then arises as to whether teamwork by, for
example, undergraduate students can achieve the same
learning dynamics as teamwork in the workplace. Volkov
and Volkov (2015) answer in the affirmative based on their
empirical research, reminding us also that the effect of
teamwork goes beyond the academic learning process, aiding employability and career success. Goddard and Wood
(2014) find that the deployment by teachers of modified
team-based learning at both undergraduate and graduate
levels has a positive effect on engagement in various
respects: student engagement with the subject material, the
engagement of team members and the teaching of the facilitating team. One recent example from the same educational/institutional context as this study was an
international student group competition in business statistics arranged jointly in three universities (JAMK University
of Applied Sciences and partner universities from Turkey

227
and Spain). In their analysis of this initiative, Akpinar et al.
(2015) conclude that the collaboration among students
necessitated by the learning method had a positive learning
effect.
Interaction, however, should not be seen only as an
activity among students or between student(s) and learning
objects. As Glückler (2013) points out, the contemporary
literature on learning distinguishes between interactive and
non-interactive forms. The interactive form of learning is
characterized by businesses building strategic partnerships
with other firms and external knowledge creators, while in
contrast non-interactive learning is characterized by a lack
of reciprocity and of the two-way transfer of resources
(Glückler, 2013).
Learning processes that apply interactive methods are
often referred to as problem-based or project-based learning (PBL). Following the ideas of De Graaff and Kolmos
(2003), the basis of project work lies in the subject-oriented
nature of the process, with learning objectives related to the
subject matter to be learned within the framework of the
educational programme. Projects develop skills and knowledge in the learner and form part of the process that connects with prior learning and post-project learning.
Students who have undergone PBL appear to be well
received by the labour market (Kolmos et al., 2004), while
the learning effects of problem/project-based pedagogy
have been assessed in various contexts. For example, Pyykkönen and Kalliomaa (2013) analyse a PBL application at
the School of Business, JAMK University of Applied
Sciences. The method was used in international lecturing
visits to JAMK partner universities. Pyykkönen and Kalliomaa found that student feedback was very positive compared with that from the traditional pedagogy in place on
other courses in these universities, while the ‘problem owners’ (Finnish companies looking for new markets and ways
of market entry) saw value in their engagement with the
programme.
Learning processes naturally have immediate learning
effects, or produce a short-term gain in knowledge.
Research at the National Training Laboratories in Bethel,
Maine, in the United States and earlier work by Dale
resulted in Dale’s (1969) ‘learning pyramid of different
learning and teaching methods’, which posits that the
higher engagement of the student leads to higher level
learning of the subject matter. The levels range from solitary reading (the lowest level) to ‘doing the real thing’,
indicating that project-based work has a role in improving
the learning experience (see Figure 1).
A key question related to learning is that of retention – for
how long the learners will possess the knowledge gained?
Wee and Neo (2004) lists the average retention rate of different teaching and learning approaches as follows:
 Lecture – 5%;
 Reading – 10%;
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People generally remember:

Learning outcomes:
10% of what
they READ
20% of what
they HEAR

30% of what
they SEE
50% of what
they SEE and
HEAR

70% of what
they SAY AND
WRITE
90% of what
they DO

Read
text
Listen to a
lecture

Define
Describe
List
Explain

Watch still picture
Watch moving picture
View exhibit
Watch demonstration
Take part in hands-on workshop
Role-play a situation
Model or simulate a real experience
Direct and purposeful real experience

Demonstrate
Apply
Practise

Define
Describe
List
Explain

Figure 1. Cone of experience.
Source: Modified from Dale, 1969.







Audiovisual – 20%;
Demonstration – 30%;
Discussion group – 50%;
Practice by doing – 75%; and
Teaching others – 80%.

Summarizing these studies, the best and most relevant
(for professional advancement) learning outcomes for a
student can be achieved in a programme which includes
team-based work, a real-life problem and intensive interaction between practitioners, students and facilitating
teachers. In addition, if learners have different experience
levels and skill sets at the beginning of the learning process,
they can potentially ‘teach each other’ by transferring their
knowledge – and thus the highest rate of learning retention
in Wee’s list can be achieved.

Case background and implementation
Foundation and characteristics of the Supercoach1
Launch Pad programme
Background. The Supercoach1 Entrepreneurial Training
(SET) Launch Pad programme – hereinafter abbreviated
to SET – was formally developed at the request of professors who wanted to educate and coach early stage technology entrepreneurs. Since 2001, SET has been continuously
delivered globally as undergraduate, graduate and professional development education for entrepreneurs and
instructors and coaches. Sharon Ballard, one of the authors
of this article, was inspired to create SET after serving a
10-month Management Fellowship in 1996–1997 for the

Springboard programme of CONNECT, an entrepreneurial
assistance initiative at the University of California San
Diego (UCSD). During her Fellowship, Ballard provided
one-to-one coaching to over 60 early stage high-technology
and life sciences entrepreneurs. The centrepiece of the programme was a Springboard whereby – after 8–10 weekly
coaching sessions – each entrepreneur presented a 15-min
briefing of his or her business plan to a ‘dream’ panel of
experts tailored for their unique needs. The entrepreneur
received an hour of feedback and advice from the panel.
Springboard became the most supported programme at
CONNECT (and inspired similar programmes, often called
Launch Pads). Under a Fellowship at the University of
Strathclyde’s Hunter Centre for Entrepreneurship in Glasgow, UK, Ballard formalized and delivered the first SET
course with an emphasis on training instructors, based on
her approach at CONNECT.
The SET curriculum was thus originally developed with
a ‘train the trainer’ focus, with a view to passing on a set of
exercises that could be delivered with results similar to
those experienced at UCSD CONNECT without the need
for deep educational or entrepreneurship business experience or expertise. Business faculty wanted to learn how to
educate and coach science and technology-based entrepreneurs at a professional development level rather than
at an academic level; and economic development organizations wanted to standardize the results with volunteer
expert coaches while leveraging the UCSD CONNECT
reputation for science and technology venture successes
(CONNECT, 2015)
Instructors and coaches have been trained globally by
SET: from engineering professors at Arizona State
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University and educators at the University of Strathclyde’s
Hunter Centre for Entrepreneurship to high-technology
investors and educators in Finland (University of Jyväskylä
and Jyväskylä University of Applied Sciences), and from
technology transfer officers in London to over 115 rural
volunteer community coaches from the University of Kentucky Entrepreneurial Coaches Institute. Participants from
over 300 universities in 30 countries have been trained and
coached using SET programmes, which have been successfully applied to all types of entrepreneurial ventures, from
advanced nanomaterials and medical solutions to ranches
and farms.
A key feature of SET is that entrepreneurs and coaches
are present and work and learn together (in this case, student coaches who are international business students at
JAMK). JAMK SET Launch Pad Program is led by a
Supercoach1 instructor for a short classroom training session (weekly or twice a week) followed by one-to-one
coaching sessions led by a certified SET coach joined by
JAMK business students, who coordinate custom-tailored
assistance and networking through the instructor to meet
each venture’s unique needs. The entrepreneurs are first
coached by the Supercoach1 instructors as the student coaches watch. Gradually, the student coaches take a greater
role, holding entrepreneurs accountable for what they say
they want to accomplish, checking for consistencies in the
weekly Supercoach1 exercises and helping with business
research.
Implementation. SET is an exercise-based approach to help
entrepreneurs think through and articulate all aspects of
their business model and plan so that they can take their
innovation, product or service to market. It is organized
into eight sessions, each with a specific focus. Each session consists of a set of one-page exercises that are deceptively simple: they are in reality challenging to complete
and often result in considerable backup research. The SET
approach uses top-down business planning: An initial
business plan is designed and delivered as a 15-min presentation at the end of a course. The programme starts by
asking the entrepreneur to express his or her venture’s
story as a 30-s elevator speech. This forces the entrepreneurs from the beginning to express the essence of their
vision. The story might include the value proposition –
what is wanted from the listener (an investment, a partnership, a customer, etc.) – or some other key attribute.
Next, the entrepreneur generates a one-page strategic
business action plan which is presented to the instructors
and coaches. From the start of the programme, each entrepreneur develops and delivers an oral and pictorial presentation of their business plan. A one-page storyboard of
the entire business plan presentation is generated in the
first series of exercises and presented formally to the
instructors and coaches as part of the first session’s
exercises.
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Over the next 8–12 weeks, a series of further necessary
exercises involves the entrepreneur in the research needing
to answer typical business plan questions and develop integrated Pro Forma financial details. The prototype presentation is enhanced and made weekly, as more is
learned about the market opportunity and as the plan
is developed in more detail from the weekly subjectspecific exercises (Technology and IP, Marketing and
Sales, Competition and Alliances, Operations and Manufacturing, Financials, etc.). Because entrepreneurs
develop presentations of their business plans, they are
readily able to produce other documents, such as an
executive summary or a written business plan that
might be required, say, for a competition or venture
capital presentation. The SET process is iterative – the
process and exercises are designed so that the entrepreneurial team and student coaches assigned to them can
rapidly rethink the business model, story and plan after
each session. On completion of the eight SET sessions,
the entrepreneurs will have defined all critical aspects
of their new ventures: strategy, offerings, markets, customers, partners, suppliers, competition, operations,
management, financial future and investment requirements, along with critical milestones and risk mitigation
strategies. The SET programme structure is illustrated
in Figure 2.
What does ‘coaching’ do in the context of Supercoach1
Launch Pad for entrepreneurs? It imparts a skill in viable
business creation that entrepreneurs can use repeatedly and
pass on to others. Coaching should not be confused with
teaching, which imparts knowledge with the teacher as the
expert who can answer questions and evaluate work. Nor
should it be confused with forms of advising or consulting
in which the core skills remain only with the experts, or
with mentoring, in which the mentor uses personal experience to suggest a specific solution to a problem. Coaches,
by contrast, act as resource facilitators by connecting entrepreneurs to others who can be of value to them. As noted
above, SET instructors and coaches hold entrepreneurs
accountable for what they say they want to accomplish,
check for consistencies in their business plan thinking using
facilitation methods and ensure the completion not perfection of Supercoach1 exercises.

Implementation of the 2014 SET programme in
Jyväskylä
In 2005, the International Business programme of JAMK
University of Applied Sciences began a specialization track
entitled ‘High-Tech Management’ for third and fourth year
undergraduate home and exchange business students. The
track is one semester long (5 months). It was developed
from discussions with business practitioners from the local
community to supply the capabilities needed to foster job
growth and wealth creation. The track consists of four
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Session 1: Strategic planning
Business Opportunity
Why You?
Strategic Actions:

Session 2: Technologies,
Intellectual Property,
Product Plans

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)

Session 7: Presentation
& Dry Runs

EXIT

2007

2008

2009

2010

20101

Session 6: Financials => Profit & Loss Machine
Me!
4800
3800
600

2800

500
400

1800
300

?

200

Session 3:
Marketing and Sales

Session 8:
15-minute
Presentation

700

800
100

Retail

Distributors

Wholesalers

0
-100
-200
-200

Revenue
Revenue

Year 0

Year 1

Year 0

0

0

CoGS

0

Netincome
income
Net

0 0

CoGS

0

600
180
-80

Year 2

Year 3

Year 1

600

1200

600

180
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-80-80

330

180

Year 4
Year 2
600
180
-80

2400

Year 5
4800

360

540

1240

3260

Systems Integrators
You!
Suppliers

t
Markets are formed of verticals

Session 5: Operations,
Management and Staffing

Session 4: Competition and
Strategic Alliances

Figure 2. Schematic model of SET programme.
Source: Course material handouts, 2014.

separate modules (High-Tech Industry Dynamics, HighTech Marketing, High-Tech Strategies, Managing Change
and Innovation in High-Tech Business), taught as 1-month
intensive courses in a lecture/masterclass mode, with more
case studies and industrial guest speakers than average for
the School of Business and other courses in the International Business programme. Parallel to these is a fifth module: ‘Implementing a High-Tech Project’, the approach of
which is similar to that of traditional project-based learning: solving individual assignments from high-tech
businesses.
To improve the connection to working life and collaborative learning with enterprises, the course managers
decided to integrate a previously separately run intensive
8-week SET entrepreneurial coaching programme into the
Spring 2014 implementation of the High-Tech Management track. The SET programme consisted of four intensive full-day seminars, in which the structure of the whole
course and the main tools to be used were introduced, and
students were assigned as assistant coaches to entrepreneurial teams according to their interests and skills.
Weekly coaching sessions facilitated by certified instructors followed these introductory seminars. A holistic plan
for new technology business development was gradually
created through seven separate themes, one for each

session, with collaborative exercises involving the startup teams and students.

Research method and data collection
The research approach applied was inductive in nature and
the case study method was used. A single case study was
chosen, as it enabled an in-depth investigation of a new and
emerging phenomenon (Eisenhardt, 1989; Yin, 2003), in
this instance the collaborative learning mode implemented
for the first time. Single case studies are likely to have
limitations to generalizability (Siggelkow, 2007). However, as the market opportunity of technology-based
start-ups is global in nature, as the educators, students and
entrepreneur cohorts in this case represented many nationalities, and as the original scheme of the programme was
international in scope, the results obtained should not be
seen as applying only to Finnish educational and business
contexts. Nevertheless, some of the issues tackled and the
results derived might be weighted differently if the programme was implemented elsewhere.
Primary data were collected through online survey tools
(Digium in 2014; Webropol in 2015), which allowed informants to answer anonymously. The links to the surveys
were sent by e-mail. The researchers were able to see
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whether or not an individual had answered the survey but
were unable to match the answers to a specific informant.
This anonymity was intended to enhance the willingness to
participate and answer the questions truthfully.
The survey was carried out at three different time points:
 t0 ¼ pre-programme survey at the start of the first
intensive seminar session, so before exposure to
teaching content and coaching sessions, in midJanuary 2014;
 t1 ¼ post-programme survey immediately after the
15-min presentation to the investor panel and the
panel’s feedback, in early April 2014;
 t2 ¼ survey 1 year after the programme, in March–
April 2015.
Since the informant pool was limited, and the sample is
close to a census of all participants, a quantitative approach
(with regression analyses, etc.) is not appropriate. Thus the
results are presented in a descriptive manner, highlighting
the differences between t0, t1 and t2 and between different
informant groups, such as the entrepreneurial team members
versus students, or informants who continued with their business idea (until t2) versus those who were engaged in some
other activity between t1 and t2. Both at t0 and t1 the response
rate was above 90%, meaning the sample consisted of about
40 informants. The number of informants at t2 was 18. The t2
informants were approached via the e-mail address they had
given at t0 and also through LinkedIn where possible – one
e-mail and one reminder were sent containing the short motivation text and the link. The loss of some informants can be
explained by the fact that some students graduated between
t1 and t2, and the (student) e-mail address they had supplied
was therefore no longer in use. Also, some start-up teams
had not continued their joint work, and so their interest in the
subject had most likely diminished. However, the t2 sample
included representatives of all seven start-up cases (both
start-up team members and students) which completed the
programme in 2014. This sample can therefore also be
regarded as representative.
Since there were changes in roles between t0 and t1, an
additional question was asked concerning the main activity
between t 1 and t 2 . The respondents were grouped as
follows:
 Those who continued work on the original SET case
company (in the tables referred as ‘start-up work’).
This group contains some of the original start-up
team members but not all – and some who were
students on the programme and who continued in
the start-up case teams but are no longer students.
 Others. This group contains both original start-up
members who have since worked elsewhere than
in the original SET case company and students who
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have either continued their studies or obtained
employment outside the original SET case company.
The separate capability areas used in the questionnaire
were based on the framework of the SET programme (session titles and course material), and in this sense are
specific to the case study. The framework was developed
over time based on the feedback of participants in earlier
implementations of SET, and the programme developers
therefore concluded that all capability areas addressed were
important to start-up entrepreneurs. It should also be noted
that the same issue areas are included in the curricula of
various other academic and non-academic entrepreneurship
courses, so the same categorization could be used for a
comparative study assessing skills accumulation in other
educational programmes.

Results
What are the critical capabilities for start-up
development?
The first question in the survey at all three measurement
points (t0, t1 and t2) asked students and start-up team members to assess critical capabilities for start-up development
(Table 1). As Table 1 indicates, at the start of the programme (t0) start-up team members, facing a real-life challenge of defining a business plan and model and founding a
company, considered all capability areas covered in the
SET programme to be very important and there was little
difference in the ‘weight’ they attributed to each area.
Overall, the students tended to rate the importance of the
different areas lower and there was more variation in their
assessments of different capabilities. Over time, the start-up
team members tended to rank the importance lower, whereas
the students retained the same ratings. The overall assessment (on average across capability areas) varied less among
students than among start-up team members, who saw
greater differences in the importance of the respective areas
at the later time points – as the standard deviations show.
The importance of ‘Marketing and sales’ and ‘Presentation
skills’ remains high at all time points in both groups.
The second question, asked at t2, sought to compare the
capability assessments of the participants who had continued to work at the start-up company with those of the others
(Table 2). Continued work on the SET start-up case, as
opposed to becoming involved in a different activity, has
an important effect on the importance attributed to some
areas. Those informants who continued with their case after
the SET programme put considerable emphasis on ‘Competition and alliance knowledge’, ‘Operations, management and staffing’ and ‘Financial planning’, whereas
those who did not continue the start-up process seemed to
overestimate (compared with the previous group) the role
of ‘Presentation skills’.
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Table 1. Importance of different capability areas for start-up development: survey responses at t0, t1 and t2 of start-up team members
and students.
t1

t0
Capability area

t2

Start-up team
(n ¼ 7)

Students
(n ¼ 20)

Start-up team
(n ¼ 11)

Students
(n ¼ 17)

Start-up team
(n ¼ 8)

Students
(n ¼ 10)

4.71
4.14
4.86
4.29
4.29
4.43
4.71
4.49
0.25

4.45
4
4.5
4.1
3.9
4.15
3.9
4.14
0.23

4.45
3.45
4.64
3.64
4
4.09
4.18
4.06
0.39

4.35
4
4.47
4.29
3.76
4.35
4.06
4.18
0.23

3.75
3.38
4.63
3.63
3.5
4
4.38
3.89
0.43

4.5
3.9
4.4
4
3.9
4.4
4.4
4.18
0.25

Strategic planning
IPR and tech management
Marketing and sales
Competition and alliance knowledge
Operations, management and staffing
Financial planning
Presentation skills
Average
Standard deviation

Note: Response scale: 1 ¼ not important at all; 5 ¼ extremely important.

Table 2. Importance of different capability areas for start-up
development: survey responses at t2 of those who, between t1 and
t2 worked on the original SET start-up case and those who
became engaged in other activities.
t2
Capability area
Strategic planning
IPR and tech management
Marketing and sales
Competition and alliance
knowledge
Operations, management and
staffing
Financial planning
Presentation skills
Average
Standard deviation

Start-up work Other
(n ¼ 7)
(n ¼ 11)

D

4.14
3.71
4.57
3.57

4.18
3.64
4.45
4

0.04
0.07
0.12
0.43

4.14

3.45

0.69

4.43
4
4.08
0.33

4.1
4.6
4.06
0.38

0.33
0.6
0.02

Note: Response scale: 1 ¼ not important at all; 5 ¼ extremely important.

How did the self-assessed skills of participants
develop?
The second set of questions was intended to shed light on
the development of personal skills. As in Tables 1 and 2,
the survey results are presented in Tables 3 and 4 based on
self-assessments at the three measurement points. Table 3
compares the results based on the roles at t0 and t1 – start-up
team members versus students. The results in Table 4 are
categorized according to the respondent’s activity between
t1 and t2.
It seems clear that, with a relatively short but structured
8-week intervention (t0 to t1), an impact can be achieved on
the capabilities of both members of start-up teams and
students in all issue areas. Despite the different backgrounds of the two groups – start-up teams being ‘technology-heavy’ and students having 2 or 3 years of business

studies behind them before SET – the students rated their
skills lower than start-up team members both at the start
and immediately after the programme. Some of their earlier
learning in university may not have been directly applicable to the start-up context. Interestingly, as time goes by,
students report an ability to maintain and even improve
their skill level, whereas start-up team members give themselves a lower assessment 1 year after the programme. The
reasons for this may be increased self-criticism and selfassessment ability coupled with the real-life needs of the
start-up team members. On the other hand, in many cases
additional studies have been undertaken in the student
group since SET.
In Table 4, compared with Table 3, the key finding is
that those learners who needed to take the learning from the
programme into their real-life business context tended to
rank their skill levels lower than those who had not been
exposed to start-up business development after SET. However, the skill level ratings of the start-up team members
who continued with their original case in, for example,
‘Operations, management and staffing’ are higher than for
the start-up group members at the start of the programme.
This finding reflects the fact that no educational programme can fully replace real-life experiential learning in
business development, as the participants who continued
their start-up development had faced and solved problems
in reality.

What capability areas were significantly impacted
and did the impact last?
Although even minor differences between t0, t1 and t2 are of
interest to organizers and developers of entrepreneurship
programmes (such as the tendency of start-up team members to rate their skills level lower at t2, 1 year after the
programme), not all changes are of statistical significance.
The data collected were subjected to a Mann–Whitney
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Table 3. Self-assessed capability levels: survey responses at t0, t1 and t2 of start-up team members and students.
t1

t0
Capability area

t2

Start-up team
(n ¼ 7)

Students
(n ¼ 20)

Start-up team
(n ¼ 11)

Students
(n ¼ 17)

Start-up team
(n ¼ 8)

Students
(n ¼ 10)

3.29
2.71
2.43
2.71
3.14
3
3.29
2.94
0.33

2.84
1.8
3.15
2.45
3.05
2.7
3.5
2.78
0.55

3.73
3.64
4
3.82
3.55
3.64
3.55
3.7
0.15

3.47
3.24
3.78
3.53
3.53
3.18
3.82
3.5
0.22

3.63
3.25
3.88
3.8
3
3.25
3.63
3.41
0.30

3.8
3.3
3.8
3.8
3.5
3
3.9
3.59
0.31

Strategic planning
IPR and tech management
Marketing and sales
Competition and alliance knowledge
Operations, management and staffing
Financial planning
Presentation skills
Average
Standard deviation

Note: Response scale: 1 ¼ no knowledge; 5 ¼ expert knowledge.

Table 4. Self-assessed capability levels: survey responses at t2 of
those who, between t1 and t2 worked on the original SET start-up
case and those who became engaged in other activities.
t2
Capability area
Strategic planning
IPR and tech management
Marketing and sales
Competition and alliance
knowledge
Operations, management and
staffing
Financial planning
Presentation skills
Average
Standard deviation

Start-up work Other
(n ¼ 7)
(n ¼ 11)

D

3.57
3.29
3.86
3.29

3.82
3.27
3.82
3.73

0.25
0.02
0.04
0.44

3.29

3.27

0.02

3.14
3.29
3.39
0.23

3.09
4.09
3.58
0.34

0.05
0.8
0.19

Note: Response scale: 1 ¼ no knowledge; 5 ¼ expert knowledge.

U test, which was chosen partly by excluding other options:
the Wilcoxon signed-rank test would have needed the same
number of data points from the two measurements compared, and the small sample did not allow a standard t test
to be performed. The results of the test reveal whether two
populations – such as the students before and after SET programme – differ significantly in the skill levels they believe
themselves to possess. The Mann–Whitney U test also allows
small samples to be used. The calculations were done by
feeding the individual data values into the online Mann–
Whitney U test calculator (Social Science Statistics, 2015).
The Mann–Whitney U test was run separately for the
student and team member cohorts of the informant pool and
three comparisons were drawn for both groups:
 from t0 to t1 – the immediate short-term effect of
SET training on self-assessed skill levels as measured immediately after the programme;

 from t1 to t2 – the deterioration or improvement in
self-assessed skill levels between the end of the programme and 1 year after completion;
 from t0 to t2 – the long-term effect of SET, from the
start of the programme to 1 year after completion.
With regard to the first comparison, due to the intensity
of the training (all areas covered within an 8-week time
frame), it can be assumed that the major impact on skill
levels would emanate from the SET programme, even
though the start-up team members were at the same time
business planning in their real-life environment and the
students were undertaking other learning activities. The
results (Table 5) show that, for the student cohort, a significant improvement was achieved in four out of the seven
areas separately addressed in the SET curriculum, whereas
the improvement was not significant for the remaining
three areas. The students involved had all also taken standard university courses in those three subjects (e.g. courses
in human resources management, financial management,
management accounting) and kept classroom presentations
over the 2–3 years of their studies before SET. In light of
this background, one interpretation of the finding for this
cohort is that the SET training approach and material offer
them fewer new viewpoints and tools in these three areas
than in the other four. On the other hand, the students also
had a learning history in strategic management, marketing
and sales courses, so in these areas SET seems to have
added more to their pre-SET skill set.
Next, the same short-term effect was tested on the members of the start-up teams (Table 6). In the areas in which
significant impacts were noted, three (‘IPR and tech management’, ‘Marketing and sales’, ‘Competition and alliances
knowledge’) coincided with the findings for the student
cohort. It is interesting that the ‘IPR and tech management’
area was impacted, even though most team members had a
science and technology background. It is also evident
that, in both cases, the capability areas assessed as high
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Table 5. Students: short-term effect on self-assessed skill levels
(between t0 and t1).
Capability area
Strategic planning
IPR and tech
management
Marketing and sales
Competition and
alliance
knowledge
Operations,
management and
staffing
Financial planning
Presentation skills

U-value

Z-score

p-value

Significant
at p  0.05

93.5
42.5

2.1389
0.01618
3.37555 9.00E05

Yes
Yes

112
67

1.7524
3.1238

0.04006
0.0009

Yes
Yes

116.5

1.6152

0.05202

No

124.5
135

1.3714
1.0514

0.08534
0.14686

No
No

Table 6. Start-up team members: short-term effect on
self-assessed skill levels (between t0 and t1).
Capability area
Strategic planning
IPR and tech
management
Marketing and sales
Competition and
alliance knowledge
Operations,
management and
staffing
Financial planning
Presentation skills

U-value Z-score p-value

Table 7. Students: long-term effect on self-assessed skill levels
(between t1 and t2).
Capability area
Strategic planning
IPR and tech
management
Marketing and sales
Competition and
alliance knowledge
Operations,
management and
staffing
Financial planning
Presentation skills

U-value Z-score

p-value

Significant at
p  0.05

36
24.5

2.6284 0.00368
3.2996 0.0048

Yes
Yes

65.5
30

1.4958 0.0681
3.0576 0.00111

No
Yes

65

1.5178 0.06426

No

79
74.5

0.9019 0.18406
1.0999 0.13567

No
No

Table 8. Start-up members: long-term effect on self-assessed skill
levels (between t1 and t2).

Significant at
p  0.05

38
28.5

1.1321 0.12924
2.5359 0.00554

No
Yes

39.5
27.5

2.9887 0.00139
2.3095 0.01044

Yes
Yes

29

1.0868 0.13786

No

30.5
41.5

1.4038 0.0876
0.643 0.26435

No
No

at t0 are less likely to show a significant improvement in the
limited time to t1 than those areas in which the participants
initially assessed their skill level to be low.
The analysis of changes in self-assessed skills immediately after the SET training (t1) and 1 year after completion
(t2) did not reveal any statistically significant developments. The reasons for this and potential solutions are discussed in the ‘Discussions and conclusions’ section below.
Given the absence of statistically significant changes, the
details of this analysis are not presented in this article.
However, the minor changes between t1 and t2 are relevant to the long-term effect of the training. The aim of
educators is to create a lasting learning effect, so that after
some time learners will still report significantly higher
levels of skill compared with the start of the training. The
self-assessed skill levels at t0 and t2 were also subjected to a
Mann–Whitney U test. The results in Tables 7 (students)
and 8 (start-up team members) show that in the longer term
there were fewer capability areas for which the positive
impact had endured. More precisely, for the start-up team

Capability area
Strategic planning
IPR and tech
management
Marketing and sales
Competition and
alliance knowledge
Operations,
management and
staffing
Financial planning
Presentation skills

U-value Z-score

p-value

Significant at
p  0.05

22.5
18.5

0.5786 0.28096
1.0415 0.14917

No
No

6
17

2.4881 0.00639
1.2151 0.11123

Yes
No

25.5

0.2315 0.40905

No

24.5
21

0.3472 0.36317
0.7522 0.22663

No
No

members only one capability area (‘Marketing and sales’)
shows a significantly higher level statistically than before
the training. For students the same applies to three different
capability areas. Possible reasons for this and potential
solutions for entrepreneurship educators and learners are
more discussed later in the article.
As noted earlier, the SET entrepreneurship programme
has been developed over time and improved in accordance
with participant feedback collected at the end of each
implementation. This has led to a relatively tight format
in which the structure, exercise materials, recommended
readings and practical arrangements (like the intensive
4-day kick off followed by weekly coaching sessions) are
repeated for each case. Despite this, the participants in the
case analysed here reported relatively uneven skill levels
(see the standard deviations in Table 9), particularly the
start-up team members. This finding requires additional
analysis. Is the deviation due to varying engagement and
effort put in by the learners, or differences between the
coaches, or should the coaching take a more individual
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Table 9. Standard deviations in self-assessed skill levels at t1.
Students
Self-assessed skill levels
Strategic planning
IPR and tech management
Marketing and sales
Competition and alliance knowledge
Operations, management and staffing
Financial planning
Presentation skills
Average

Start-up team members

Average

Standard deviation

Average

Standard deviation

3.47
3.24
3.76
3.53
3.53
3.18
3.82
3.50

0.62
0.83
0.83
0.72
0.80
0.88
0.53
0.75

3.19
2.94
3.35
3.20
3.15
2.75
3.52
3.16

0.90
0.96
0.91
0.89
0.85
0.71
0.91
0.87

approach, addressing gaps in capabilities specific to each
case and learner? These questions are further discussed in
the sections that follow.

Measurement challenges and
opportunities
With regard to methodology, this study measured the
development of entrepreneurial capabilities through selfassessment. Objective tests of skills applicable to start-up
development would naturally be a more reliable indicator
of achievements and efficacy; however, given the complexity of holistic business planning, such objective tests would
take considerable time to develop. As a method of measurement, self-assessment has its pitfalls because the scale one
applies to self-assess is a personal matter and it also tends to
be different at different times. We do not know for certain
but we can assume that, when over a year has been spent on
new venture development, additional difficulties have
become apparent and consequently there is a tendency to
provide a lower self-assessment of skills in light of the
challenges experienced. The results indicate that this confrontation with ‘real-life’ challenges is an important factor
affecting self-assessment. It is noteworthy that the student
participants who returned to their traditional university
study mode, or worked in a different type of business after
the programme, provided higher self-assessments of their
skill levels than the start-up entrepreneurs who were constantly testing their capabilities in reality. Additional
research is needed on this matter.
Alternatively, we could assume that there was a low
retention of learning, since we were not able to continue
to coach the participants after the programme and they had
either no time or no need to revisit the material. The role
differentiation in the company may also be relevant here,
and leads to another question for future research: Should
the capabilities of a start-up team be measured at the level
of the team or company rather than the individual? As the
start-up company develops, the need for all team members
to master the whole spectrum of skills is likely to diminish.

One method that could be used to overcome the weaknesses of self-assessment would be to establish a thirdparty expert assessment similar to that done in the United
States for a National Science Foundation Study (Suhr et al.,
2013), for which a control and a test group received over
500 video reviews and assessments by business and entrepreneurial education experts as to how the teams had performed against pre-designed criteria (the study assessed
instructor-taught versus e-learning modules).
Another option would be to expand the questions with
more descriptive content as to the amount of knowledge
each score level would reflect. The skills in ‘Marketing and
sales’ could be separated and ‘IPR and tech management’
could be divided into smaller categories, following the programme material and coaching session content. It would be
a complex task to expand each question, but this approach
might significantly enhance the results.
Given that the programme consists of teams of business
study coaches and science and technology-based entrepreneurs following a curriculum with SET coaches/instructors
facilitating the process, one might conclude that the
instructors would not have much impact on selfassessment scoring. However, as indicated by the results
presented in Table 9, the deviations in skill levels could be
viewed as significant considering that all teams had the
same time and materials in their training. In considering
future assessment methods, there is a need to evaluate
whether coaching personality and style affect learning outcomes and retention. The goal of such an investigation
would be to achieve a more uniform high-level impact on
acquisition of the desired skills by both business students
and technology entrepreneurs. As described in an earlier
section, the SET programme was originally developed with
a train the trainer focus to disseminate a set of exercises that
could produce similar results to those originally achieved
by UCSD CONNECT.
This article describes our first attempt to quantify the
efficacy of the SET programme. Our study has generated
more questions than answers for the team. For the next
study cohort, we might consider additional questions and
follow-up questions to produce deeper insights into the
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learning and the stickiness of the learning, and what additions or changes might be considered for the programme
delivery and curriculum. Another method of measuring the
efficacy of the learning could be through independent
knowledge and learning assessments by expert judges.
Other measures of effectiveness could be applied to our
initial and future cohorts. For example, one such measure is
return on investment, used by professional investors and
adopted by one of the authors of this article (Ballard) and
her client academies and accelerators: how much has the
input to the programme (monetized) produced output (revenue)? Furthermore, universities use initial and the longterm salaries and salary growth of their graduates hired by
businesses to ‘grade’ educational value. This analysis could
be applied to the initial cohort in this study to tease out
additional efficacy results and compare them to those for
other students from the same year.
Yet other measures could include future start-up activity
and/or career selection with start-ups and small businesses
by the student coaches as well as the technology entrepreneurs. Do they generate more ‘start-up’ activities in their
careers than another cohort that has not been through the
training? This type of long-term follow-up would require:
(a) traceability of the participants over time, and (b) loss of
anonymity in the initial rounds since there would need to be
linking of personal future success to personal assessments
done earlier. It should also be taken into account that, on
the development path of a successful start-up company,
there are changes in resources (knowledge, experience of
personnel and board members and advisers, financing) and
other intervening factors or incidents that make linking
business success to any previously experienced entrepreneurship programme complex and debatable.

Discussion and conclusions
This case study of the SET programme implementation in
Jyväskylä, Finland, in 2014 shows that entrepreneurial
skills critical to start-up success can be disseminated in a
collaborative mode, in which normally distinct categories
of learners – science and technology-based entrepreneurs
and undergraduate business students – are trained in a
collaborative, team based and facilitated learning environment. The entrepreneurial teams bring to the learning process live start-up cases around which the experiential
learning process can be built, as well as their own background and existing skills. The students bring fresh learning from their business studies, but often lack experience
in putting their learning into action, especially in the startup context.
Since this case study is of a specific educational setting
and business environment in Finland, the findings cannot
be directly generalized to a wider range of entrepreneurial
programmes. Also the types of company and student need
to be taken into account when comparing the achievements
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of this programme to others. On the other hand, both the
start-up entrepreneur group and the student (and coaches)
group had multicultural backgrounds, which may support
the generalization of the results. Also, the SET process has
been implemented in various countries, so the learning
process in this case is not unique.
As reported in an earlier article (Saukkonen, 2014), the
feedback at JAMK University of Applied Sciences for the
course on High-Tech Management received more positive
assessments over several years compared with randomly
selected courses in the same institution involving less interaction with companies. The impact of interaction was notable in the students’ self-assessment of the extent to which
they had achieved their learning goals and in the degree of
activity the students had put into the learning process (student engagement). Furthermore, the 2014 implementation
of the High-Tech Management course, when the SET programme was first built into the curriculum, received better
overall student feedback than in previous years. For students, this new mode of learning led to deeper and wider
learning (Saukkonen, 2014). Saukkonen’s (2014) study,
however, did not examine the specific impact of the SET
programme on learning within the course and did not focus
on the start-up team members as learners; nor did it look at
the retention of learning achieved by SET.
In the present study, both groups – start-up teams and
students – self-assessed improvements in their own skills
across the given capability areas after the intensive 8-week
programme. However, the impacts were not significant for
every capability area and they varied between the areas.
Other interesting findings emerged from the study that
requires interpretation and further research. First, the selfassessments by the start-up team members 1 year after the
programme produced lower skill ratings than those immediately after the programme, despite the fact that most
informants from that cohort had continued their work in
the start-up team and thus one might expect an increase
in skills. The student cohort in the informant pool believed
they had maintained or even improved their skill levels.
Further research is needed to ascertain whether there
should be additional support for learning retention or
whether the lower ratings are due to exposure to real-life
business challenges. Lasonen (1995: 3) suggests that ‘selfassessment of the outcomes of affective and cognitive
learning takes place at the individual level but reflects, at
the same time, the individual’s social environments with
their events and people. Learning often occurs in social
contexts.’ And since the post-programme environments in
which the start-up entrepreneurs and non-entrepreneurs are
expected to use their learning are significantly different, the
divergence in the self-assessments of skill levels is
unsurprising.
Second, not only the coaches using the SET programme,
but all coaches or facilitators in entrepreneurship learning
processes can learn from the assessment of critical

Saukkonen et al.
capability areas when designing entrepreneurship courses.
‘Marketing and sales’ was the domain that remained on the
highest level in assessments of importance to start-up success at all three measurement time points. This was also the
area in which a significant long-term learning effect was
achieved for both start-up team members and student
cohorts. Additional studies could be done by using successful technology entrepreneurs as informants: What capability areas they see as crucial for the success achieved?
Third, as noted in our literature review, there is no generally agreed set of entrepreneurial skills or method of
when and how the level of those skills should be measured.
We aim to contribute to the research and practice of entrepreneurship education with our approach, based on the SET
model of entrepreneurship education. We see no major
obstacles in using the same methodology for other entrepreneurship programmes. Bearing in mind the multitude of
such programmes, comparative studies of learning impacts
would help both scholars and practitioners to develop this
special type of education–enterprise interaction.
Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding
The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References
Akpinar M, del Campo C and Eryarsoy E (2015) Learning effects
of an international group competition project. Innovations in
Education and Teaching International 52(2): 160–171.
Aronsson M (2004) Education matters—but does entrepreneurship education? An interview with David Birch. Academy of
Management Learning and Education 3(3): 289–292.
Arum R and Roska J (2011) Academically Adrift: Limited Learning on College Campuses. Chicago: University of Chicago
Press.
Astin A (1993) What Matters for College? Four Critical Years
Revisited. San Francisco: Jossey-Bass.
Brown A, Rich M and Holtham C (2014) Student engagement and
learning: case study of a new module for business undergraduates at Cass business school. Journal of Management Development 33(6): 603–619.
CONNECT (2015) Springboard. Available at: http://connect.org/
entrepreneurs/springboard/ (accessed 13 August 2015).
Corbett AC (2005) Experiential learning within the process of
opportunity identification and exploitation. Entrepreneurship:
Theory and Practice 29(4): 473–491.
Dale E (1969) Audio-Visual Methods in Teaching. 3rd ed. New
York: The Dryden Press; Holt, Rinehart and Winston.

237
De Graaff E and Kolmos A (2003) Characteristics of problembased learning. International Journal of Engineering Education 19(5): 657–662.
de Kok J, Vroonhof P, Verhoeven W, et al. (2011) Do SMEs
Create More and Better Jobs? Zoetermeer: EIM Business &
Policy Research.
Eisenhardt KM (1989) Building theories from case study
research. Academy of Management Review 14(4): 532–550.
Ellis APJ and Bell BS (2005) An evaluation of generic teamwork
skills training with action teams: effects on cognitive and skillbased outcomes. Personnel Psychology 58(3): 641–672.
Entwistle NJ (2000) Promoting deep learning through teaching
and assessment: conceptual frameworks and educational contexts. Paper presented at TLRP Conference, Leicester, November 2000. Available at: http://www.etl.tla.ed.ac.uk//docs/
entwistle2000.pdf (accessed 12 May 2016).
Etzkowitz H and Leydesdorff L (1995) The Triple Helix – university–industry–government relations: a laboratory for
knowledge based economic development. EASST Review
14(1): 14–19.
European Commission (2012) Do SMEs Create More and Better
Jobs? Brussels: EC Press Release, 16 January. Available at:
http://europa.eu/rapid/press-release_MEMO-12-11_en.htm
(accessed 10 August 2015).
Fiet JO (2000) The theoretical side of teaching entrepreneurship.
Journal of Business Venturing 16(1): 24.
Fine CH (2008) Clockspeed: Winning Industry Control in the Age
of Temporary Advantage. New York: Basic Books.
Garavan TN and O’Cinneide B (1994) Entrepreneurship education and training programmes: a review and evaluation, Part 1.
Journal of European Industrial Training 18(8): 3–12.
Gibbs G (2010) Dimensions of Quality. York: Higher Education
Academy.
Glückler J (2013) Knowledge, networks and space: connectivity
and the problem of non-interactive learning. Regional Studies
47(6): 880–894.
Goddard A and Wood C (2014) From passive to active learning: a
case study using a modified team-based learning approach.
Employment Relations Record 14(1): 26–39.
Gompers P, Kovner A, Lerner A, et al. (2006) Skill vs. luck
in entrepreneurship and venture capital: evidence from
serial entrepreneurs. NBER Working Paper No 12592.
Available at: http://www.people.hbs.edu/dscharfstein/
Working%20Papers/Skill_vs_Luck.pdf (accessed 15 April
2015).
Jones S and Clulow S (2012) How to foster a culture of collaboration between universities and industry. In: The Guardian
Higher Education Network. Available at: http://www.theguardian.com/higher-education-network/blog/2012/aug/02/
the-value-of-research-collaborations (accessed 12 August
2014).
Kane T (2010) The Importance of Startups in Job Creation and
Job Destruction. Kansas City: Ewing Marion Kauffman Foundation. Available at: http://www.kauffman.org/what-we-do/
research/firm-formation-and-growth-series/the-importance-

238
of-startups-in-job-creation-and-job-destruction (accessed 10
April 2015).
Kauffman Foundation (2013) Young high-tech firms outpace private sector job creation. Ewing Marion Kauffman Foundation,
News Release, 14 August. Available at: http://www.kauffman.
org/newsroom/2013/08/young-hightech-firms-outpace-private-sector-job-creation (accessed 28 October 2014).
Kauffman Foundation (2015) Behavioral determinants and motivation. Available at: http://www.kauffman.org/microsites/
state-of-the-field/topics/background-of-entrepreneurs/behavioral-determinants-and-motivation (accessed 20 April
2016).
Kay RH and Knaack L (2009) Assessing learning, quality and
engagement in learning objects: the Learning Object Evaluation Scale for Students (LOES-S). Educational Technology
Research and Development 57(2):147–168.
Kleine R and Yoder J-D (2013) Spreading the fire: broadening
faculty support for the entrepreneurial mindset. In: OPEN
2013: NCIIA 17th annual conference, 22–23 March 2013,
Washington, DC. Available at: http://nciia.org/sites/default/
files/features/conference/2013/papers/yoder.pdf (accessed 3
April 2015).
Kolb AY and Kolb DA (2005) Learning styles and learning
spaces: enhancing experiential learning in higher education.
Academy of Management Learning & Education 4(2): 193–
212.
Kolmos A, Fink FK and Krogh L (2004) The Aalborg model:
problem-based and project-organized learning. In: Kolmos
A, Fink FK and Krogh L (eds) The Aalborg PBL Model: Progress, Diversity and Challenges. Aalborg: Aalborg University
Press, pp. 9–18.
Lasonen J (1995) A case study of student self-assessment in upper
secondary education. In: Lasonen J and Stenström M-L (eds)
Contemporary Issues of Occupational Education in Finland.
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