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Welcoming Speech by the President of SOItmC

Prof. Dr. JinHyo Joseph Yun

Welcome Honor Professors, Researchers, Students, and Entrepreneurs who are at this Riga
technological University in world best beautiful city, Riga" of Latvia, right now.
Thanks a lot to the hosting chair, Professor Natalja Lace, and all Riga colleagues for preparing

this great conference.

The theme of SOItmC 2017 conference is “Let us conquer the Growth Limits of Capitalism
through New Combination between Technology, and Market or Society”. Growth limits means no
existence of development. Development is spontaneous and discontinuous change in the channels
of the flow, disturbance of equilibrium, which forever alters and displaces the equilibrium state
previously existing(J. A. Schumpeter, 1934, p. 64). Even though 4" industrial revolutions motivates
new economy growth, high unemployment, the increase of poverty population ratio, and appearing

of new poor classes from youth and old together from worldwide are not disappearing.

Stopping by woods on a snowy evening, I thinks the road not taken which had be discontinuous

change and development”.

I propose 3 approach of new combinations between technology, and market, or society as
ways of conquering the growth limits of capitalism from Schumpeterian perspective before a lot of
creative proposals are discussed in SOItmC 2017 at Liga Technologycal University on June 16"-
18",

First, let us approach at the economic development not by way of individual agents, or targets
but by the economy as a whole including social economy, individual entrepreneur, and big business
together(Becker, Knudsen, & Swedberg, 2011, pp. 155-158).

Second, Let us respond to the right now world economy situations such as the vanishing of

investment opportunity, the obsolescence of the Entrepreneurial functions, and the growing hostility

1) ‘If the hemp and flax of Riga are purchased with the tobacco of Virginia, which had been purchased with British
manufactures, the merchant must wait for the returns of two distinct foreign trades, before he can employ the same capital in
repurchasing a like quantity of British manufactures.” In Adam Smith (1789). The Wealth of Nations. p. 213

2) This sentence receives motives from “Stopping by woods on a snowy evening”, and “The Road Not Taken” which were
written by Robert Lee Forest(1874-1963).
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by motivating social open Innovation including sharing economy, social economy, and common
economy(J. Schumpeter, 1942, pp. 111, 131, 143).

Third, Let us motivate business cycle through creative destructions by not just individual
entrepreneur, or organizational entrepreneur, but also entrepreneurial state with huge development
bank with high entrepreneurship(Mazzucato, 2015; J. A. Schumpeter, 1939).

Dear professors, researchers, students, and entrepreneurs

“The timeless in you is aware of life’s timelessness,

And knows that yesterday is but today’s memory

And tomorrow is today’s dream.” ”

Let us enjoy SOItmC 2017 conference together from right now.

<Reference>

Becker, M., Knudsen, T., & Swedberg, R. (2011). The Entrepreneur-Classic texts by Joseph A.
Schumpeter: Stanford University Press.

Mazzucato, M. (2015). The entrepreneurial state: Debunking public vs. private sector myths:
PublicAffairs.

Schumpeter, J. (1942). Capitalism, socialism, and democracy: New York: Harper & Row.

Schumpeter, J. A. (1934). The theory of economic development: An inquiry into profits, capital,
credit, interest, and the business cycle (Vol. 55): Transaction publishers.

Schumpeter, J. A. (1939). Business cycles (Vol. 1): McGraw-Hill New York.

June 16, 2017

JinHyo Joseph Yun Ph. D.
President of Society of Open Innovation; Technology, Market, and Complexity

Jhyun@dgist.ac.kr, +821066978355

3) In Kahlil Gibran The Prophet “ On time”

SOItmC & RTU 2017 Conference 5



Welcoming Speech by the RTU Hosting Chair

Prof. Natalja Lace

Dear participants of the international conference SOItmC & RTU’ 2017,

On behalf of the organizing committee I welcome you in the Faculty of Engineering Economics
and Management of Riga Technical University!

Innovation based development is a hot topic in all economies of the world. Openness of mind,
openness of businesses and openness of innovation are the key characteristics and success factors of
the global world today. Development strategies are becoming smarter transforming economy towards
creation of higher added-value products, services and more effective use of resources. Such a high-
priority aim is to be achieved implementing smart specialization strategy to boost all regions and
create future capabilities and comparative advantage for providing a platform for sustainable growth
and development. Universities play a significant role in this process. The Latvian National Research
Programme “Economic Transformation, Smart Growth, Governance and Legal Framework for the
State and Society for Sustainable Development — a New Approach to the Creation of a Sustainable
Learning Community (EKOSOC-LV)” is researching the mechanisms of the achievement of this
crucial aim. Riga Technical University, in collaboration with leading state universities of Latvia,
realizes three research projects within the National Research Programme EKOSOC-LV on the
development of innovation and entrepreneurship in Latvia, involvement of the society in social
innovation processes and strengthening of competitiveness of the Latvian companies on external
markets.

We are extremely honoured to receive you in the Faculty of Engineering Economics and
Management of Riga Technical University!

We hope the conference will be a fruitful exchange and discussion of scientific findings and
ideas for further collaboration!

Enjoy your staying in beautiful Riga - in the heart of Latvia!

Prof. Dr.oec. Natalja Lace
Hosting Chair of SOItmC&RTU 2017

Faculty of Engineering Economics and Management

Riga Technical University
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Welcoming Speech by the Vice Rector of RTU

Prof. Talis Juhna

Dear, participants!

On behalf of Riga Technical University, I welcome you to the SOItmC&RTU’2017 conference.
We are privileged to host this event this time in Riga which is one of the main commercial centre
in the Baltic states. In the post-crises period Latvia was able to stabilise budget and now working
actively on finding new ways how to transform economy to more knowledge-based and innovation-
driven one that will increase productivity and create new jobs. There is no panacea how to do it,
but clearly, in the long run, open flow of novel ideas between businesses will increase probability
of creation of new products and services to rise quality of live for people. So, how to encourage
companies to build the trust in sharing expertise and ideas for the mutual benefit? How to educate
future entrepreneurs in open innovation settings? How to engage universities and research institutes
in this process more actively? These are only a few of many questions need be to addressed now.
Hence, I am pleased to see so many distinguished academics from all around the world at the
conference speaking about the open innovation and sharing their knowledge how this economical

strategy could be materialised in the real life, hopefully also in Latvia.

RTU is one of the leading universities in the region in terms of high quality engineering
education and impact of research. Moreover, the third cornerstone of our strategy is valorisation
of knowledge to facilitate economic growth in the country. We believe that universities play an
important role not only by creating future human resources but be also by providing a platform
for knowledge transfer from science to business and from business to business. I am sure this
conference will bring new insights which will be useful both for international academia and for

modern universities strategies.

I wish you fruitful meeting and enjoyable time in Riga.

Prof. Talis Juhna
RTU Vice-Rector for Science

SOItmC & RTU 2017 Conference 7



Welcome speech by the Charge d’Affaires of Korea in
the Latvia-Mr. Kyong-Ho Min
Head of Mission, Embassy of the Republic of Korea in Riga

Distinguished guests, ladies and gentlemen,

It is my pleasure to be among so many eminent scholars and businessmen, who have gathered at
this conference, dedicated to innovations and new technologies as a driving force for future growth.

We all have seen the fall of many big companies, which could not adapt themselves to the
changing environment. Similarly, we have seen new, ambitious companies emerging and effectively
entering world markets with products or approaches which some perceived unattainable a while
ago, but which have become the new reality. Innovation, new technologies and knowledge-driven
economies are the keywords describing successful businesses, and countries as well.

I have come from a land, which fortunately understood that significant investments in research
and development must be made to ensure sustainable growth. These days we can see Korea being
among the world’s most innovative countries and for many people around the globe Korea is an
epitome of hi-tech and smart growth.

I am happy that this event is taking place in Latvia - a country which in just 25 years succeeded
in rebuilding its economy and, by undergoing bold reform process, successfully integrated into major
international organizations such as the EU, WTO and most recently - OECD. I take this opportunity
to once again extend my congratulations on Latvia becoming its 35th member state!

Dear participants, hereinafter I would like to briefly outline the bilateral relations between
Korea and Latvia, hoping that you will find it as a useful input for your future discussions here at the
conference and beyond.

Firstly, I would like to emphasize that this conference is another excellent example of
cooperation between the Asian and Baltic Tiger, as some like to call our countries. Friendly and
cooperative relationship which began 25 years ago has seen a major leap forward. Strong willingness
to see people interacting has led us to tangible outcomes. Five years ago a Korean language module
was introduced within the Asian Studies program at the University of Latvia. And last year, in
response to growing need for people with proficient knowledge of Korean language and culture, as
well as growing interest from general public, the Korean Studies Centre and the Riga King Sejong
Institute were opened.

Moreover, students seeking opportunities to learn more about each other’s country have

facilitated significant growth of student exchanges between Korea and Latvia. It is my personal
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belief that greater interaction leads to valuable exchanges of innovative ideas and enhances mutual
understanding and reciprocal development of our societies.

Ladies and gentlemen, Latvia has a proven track record of achievements in ICT, pharmacy,
chemistry, wood and food processing industries. High quality plywood from Latvia is used for
shipbuilding in Korea, innovative anti-reflective glass helps visitors better appreciate Korean
history and culture at the National Museum of Korea, and a Latvian company will be involved
in building the Olympic snowboarding facilities in PyeongChang. Likewise, Korean companies,
such as Samsung and LG Electronics, have acknowledged the advantages of Latvia’s geographical
location as the gateway to the Baltic region and beyond. These are just few examples of successful
interactions, but I see many other prospective areas of cooperation, particularly in the fields of
transport and logistics, tourism, as well as science and education. And I have a reason to believe
there is a great potential of turning this into reality.

In conclusion, I would like to take this opportunity to thank the Society of Open Innovation,
Technology, Market and Complexity and the Riga Technical University for making this conference
possible. I am confident you will find this conference truly inspiring and I hope you will have many
fruitful discussions. Enjoy your stay in Riga!

Thank you!

June 16, 2017

Kyong-Ho Min
Ambassador of the Republic of Korea in the Latvia

SOItmC & RTU 2017 Conference 9
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Congratulatory Speech by the Mayor of Daegu

Mr. Kwon Young-jin

I am delighted to send my warmest greetings to the scholars, professors, businessmen, and the
organizing committees connected with the SOItmC & RTU 2017 Conference, which takes place in
Latvia.

As you may know, the limitations of capitalism-in terms of economic grow—th

have been reported frequently. Indeed, in Korea alone, we have been seeing a conglomerate-
oriented growth for a long time. Such growth appears to have been created by the conglomerates
themselves. However, it would not have been possible without the efforts and hard work of many
small and medium-sized businesses. Thus, the time has come when we need to overcome such crisis

with creative business models and through being open to innovation.

Open innovation will stimulate corporate innovation locally, which will in turn play a positive
role in the supply chain from business to business. Then, the supply chain will evolve into a strong
basis for open innovation once again. Such a positive cycle is what the City of Daegu is hoping
for. Daegu’s implementation of a Smart City Plan reflects these ideas. I'm so grateful that SOItmC

Conference keeps the academic networks collaborating with one another.

In particularl the City of Daegu is promoting policies to support these developments, in the hope
that small and medium-sized companies in the city will grow into global companies through creative
innovation. In fact, the SOItmC and CSCOM 2016 Conference, hosted by the Daegu Gyeongbuk
Free Economic Zone Authority, is one of the city’s key supporting policies. I hope that the SOItmC

Conference will become a major event in the near future.

Nowadays, focusing on the keywords of Artificial intelligence, 10T, Cloud, Big Data, and
Mobile, etc., the predicted 4th industrial revolution which is on the horizon is expected to bring us
both challenges and opportunities. I am very glad to see that a session of focusing on discussing
the 4th industrial revolution has been included by SOItmC+& RTU 2017. I hope that the SOItmC

Conference will create more guidelines and solutions for the forthcoming 4th industrial revolution.

In that sense, I hope that the conference will be successful and pave the way for small and

medium-sized companies not only in Daegu but also in other local places around the world to

10
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develop their innovation capabilities. I hope the conference will be able to contribute more responses
to the 4th industrial revolution. Moreover, I also hope that everyone researchers and businessmen
alike--will be inspired by this event to generate great ideas that will contribute to the global

cconomy.

Thank you.

June 16, 2017

Kwon Young-jin #6771 >

Mayor, Daegu Metropolitan City Government

SOItmC & RTU 2017 Conference 11
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Congratulatory Speech by the President of DGIST

Dr. Sang Hyuk Son

On behalf of Daegu Gyeongbuk Institute of Science & Technology (DGIST), I would like
to extend my heartfelt congratulations on the successful hosting of the SOItmC & RTU 2017
Conference in Latvia. As the president of DGIST, I welcome all participants and guests of this
conference from Korea and all over the world. I believe that this conference is very meaningful as a
forum where many experts and entrepreneurs in the field of open innovation and creative business

models freely exchange their ideas and opinions on innovation.

At the age of the Fourth Industrial Revolution, we will soon witness accelerating progress of
science and technology and a rapid change in society. To be adaptable to such a huge change, it is
critical to broaden the scope of our interests and understanding, and focus on convergence of diverse
technologies. I hope that the SOItmC & RTU 2017 Conference will plays a key role in deriving

innovative solutions towards various confronting challenges.

The importance of open and collaborative innovation is even more highlighted all over the
world to bring in the new era of hyper-connected and intelligence-based society. Considering
such a rapid change, the roles of universities and research institutions need to be redefined. In that
regard, DGIST has been leading innovation in the field of science and engineering through its
solid convergence education, interdisciplinary research, and technology commercialization. Under
the convergence-focused curriculum, DGIST fosters students with the spirit of 4Cs - Creativity,
Challenge, Collaboration, and Care — to become future leaders for the knowledge creation and
innovation. Our goals include facilitating scientific advancement and nurturing talented individuals
through innovative strategy. Hence it is meaningful for us to support the SOItmC, which shares the

same vision: open innovation for the advancement.

I am confident that you will enjoy high quality presentations and lively discussions with leading
researchers at the conference. I hope that what you have discussed and presented here continues to

bring sustainable advancement and innovative changes at the corporate, national, and global levels.

June 16, 2017

Sang Hyuk Son,
Ambassador of the Republic of Korea in the Latvia

12
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Sustainable Development of Smart Cities: A Systematic
Review of the Literature

Abstract

This paper aims to analyse scientific studies focusing on both environmental sustainability and smart
city concepts to understand the relationship between these two. In order to do so the study identifies
information about researchers, models, frameworks and tools focused on the chosen themes. This
research uses a qualitative methodology, through a systematic review of the literature, which examines
the terms, ‘smart city’ and ‘sustainability’, aimed at sustainable development of smart cities. For this,
three databases were used: Scopus, Science Direct, and Emerald Insight. This paper provides detailed
information on the most recent scientific articles focusing on smart cities and sustainability issues. The
paper can serve as a basis for researchers seeking background information for further investigations. The
findings provide invaluable insights for scholars researching on the subject, and public managers
considering applying those into practice in their cities.

Keywords: Smart City, Smart Community, Sustainable City; Environmental Sustainability, Sustainable
Urban Development

Introduction

Since the mid-20th century, numerous environmental, social and economic crises on a global scale
have significantly affected our societies (Yigitcanlar and Lee 2014). Especially during the last two
decades, metropolitan areas around the world have been engaged in initiatives to improve urban
infrastructure and services, aiming at a better environment, social and economic conditions, improving
the attractiveness and competitiveness of cities (Jong et al. 2015). These efforts brought up the concept
of intelligent cities (Komninos 2002) that is the predecessor of smart cities (Yigitcanlar 2015). According
to Deakin and Al Waer (2012) and Townsend (2013), smart cities arise due to the intelligent use of
digital information, for example in the areas such as human health, mobility, energy use, education,
knowledge transfer and urban governance.

Sustainability and sustainable urban development concepts generates awareness of the production and
use of resources required for residential, industrial, transportation, commercial or recreational processes
(Peetrosemolli and Monroy 2013; Goonetilleke et al. 2014; Yigitcanlar and Kamruzzaman 2014, 2015).
Sustainable urban development corroborates, aiming at environmental awareness in the use of natural
resources in smart cities (Dizdaroglu and Yigitcanlar 2014; Yigitcanlar and Teriman 2015; Komninos
2016). Yigitcanlar and Dizdaroglu (2015) focus on the concept of ecological cities in their research. This
concept has been developed and promoted since 1970 as part of the sustainable development agenda.

This paper provides a systematic review of the literature selected from three databases: Emerald
Insight, Science Direct, and Scopus. The keywords used for the selection include: ‘smart city’ and
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‘sustainability’ terms. The paper seeks to address the following overall research questions: What is the
relationship between the concepts of sustainable urban development and smart cities? In order to explore
this issue we also looked into the following secondary research questions: (a) Which articles do involve
both the terms smart city and environmental sustainability? (b) What information are provided in these
articles? (c) What kind of models, frameworks or tools do these articles present?

Sustainable Urban Development and Smart City

The concept of smart city is relatively new and can be seen as a successor of information city, digital
city and smart city; however it has been used frequently, especially after 2013, when it exceeded a
frequency of citations of other terms including sustainable city (Jong et al. 2015; Yigitcanlar 2016).
Despite the discussion about its concept in recent years, there is a lack of consensus on what a smart city
is (Angelidou 2015; Hortz 2016). Although a number of authors have the difficulty of conceptualisation,
these definitions are not contradictory but partially overlapping (Scheel and Rivera2013; Cocchia 2014).
In general, however, it is understood that smart cities make use of information and communication
technology (ICT) extensively to help cities to build their competitive advantages (Caragliu et al. 2011),
or that it is a conceptual model where urban development is achieved through the use of human,
collective and technological capital (Angelidou 2014). The term smart city is, therefore, an umbrella
concept that contains a number of sub-themes such as smart urbanism, smart economy, sustainable and
smart environment, smart technology, smart energy, smart mobility, and so on (Cocchia 2014; Lara et al.
2016).

In their literature review, Caragliu et al. (2011) conceptualise smart city with the following main characteristics: (a)
An enhanced administrative and economic efficiency that enables the development of culture and society by utilising
networked infrastructures; (b) An underlying emphasis on business oriented urban development; (c) A strong focus on
the goal of realising the social inclusion of different kinds of urban residents in public services; (d) An emphasis on the
significant role of high-tech and creative industries in long-term growth; (¢) A perspective to pay close attention to the
function of social and relational capital in city development, and; (f) A vision to take social and environmental
sustainability as an important aspect of smart city development. Some authors also point to the necessary ingredients
for the composition of a smart city, such as: smart economy, smart mobility, smart environment, smart people, smart
living and smart governance (Lazaroiu and Roscia 2012; Lee et al. 2014; Jong et al. 2015). Additionally, the concept
of smart city goes beyond the definitions of information cities, digital cities, and intelligent cities, because it
contextualises technology to be used in favour of systems and services for people (Jong et al. 2015).

The evaluation of a smart city, as discussed by Marsal-Llacuna et al. (2015) should consider past
experiences of environmentally friendly and liveable cities, encompassing sustainability and quality of
life, in addition, of course, the composition of technological factors. Lazaroiu and Roscia (2012) state
that it should represent a technological community, interconnected, sustainable, comfortable, attractive,
and secure. In order to understand how it works in practice, smart cities make use of city data for traffic
management, energy consumption statistics, security, and optimising the operation of municipal services
(Harrison et al. 2010). This new reality is encouraging the increase of new suppliers to the smart city
market niche, using technological resources for the management of urban services (Carvalho and
Campos 2013; Angelidou 2015).
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Schaffers et al. (2011), later on emphasised by Kramers et al. (2014), point out that to have a smart
city is necessary: (a) Create a rich environment of broadband networks that support digital applications,
and; (b) Initiate large-scale participatory innovation processes for the creation of applications. Some
cities that have appropriated the concept of smart cities have applied themselves to enjoy their benefits so
that the needs of the city are met. Barcelona defines smart city as a high-tech intensive and advanced city
that connects people, information and city elements using new technologies in order to create sustainable
greener city, competitive and innovative commerce and an increased life quality, while the city of
Amsterdam addresses the issue as an innovative technology and is willing to change people’s energy-
related behaviour to tackle climate challenges (Lee et al. 2014). In the case of Doha, smart city practice is
more of an interaction of urban technologies and knowledge economy activities (Conventz at al. 2015);
whereas in the case of Brisbane, the practice is to integrate smart technologies into good urban and space
design practices (Pancholi et al. 2015).

Nam and Pardo (2011) divide smart city into three dimensions: (a) Technology (hardware and software
infrastructures); (b) Population (creativity, diversity and education) and; (c) Institutions (governance and policy). In
view of this, investments in technology, population and institutions aiming at the concept of smart city generate
sustainable development and quality of life, promoting responsible management of natural resources and allowing
institutions to contribute with innovation and better services for citizens, strengthening the debates and political
participation (Caragliu et al. 2011).

When studying cities, to better understand the term sustainability, one must take into account the
meaning of sustainable urban development (Dizdaroglu and Yigitcanlar 2016). This, in turn, can be seen
as a process of change in which resource exploitation, investment direction, technological development
and institutional change are consistent with present and future needs (WCED 1987). The term sustainable
city as a concept became popular in the 1990s (Roy 2009) denoting the relationship between economic,
social and environmental sustainability aspects from a combination of indicators of each of these
components (Ahvenniemi et al. 2017). Although the current vision is to address these three issues to talk
about sustainable cities, certain authors focus on one of only three. This is the case of Meadows (1999),
who propose the inclusion of indicators such as pollution, waste generation and consumption of water
and energy, unlike Rode and Burdett (2011), who direct efforts towards an interpretation More
socioeconomic, such as social equity and a greener environment (Jong et al. 2015).

Considering all these aspects, Hiremath et al. (2013) define sustainable urban development as
achieving a balance between the development of the urban areas and protection of the environment with
an eye to equity in income, employment, shelter, basic services, social infrastructure and transportation
in the urban areas. The spread of interest in smart cities and adjacent concepts is linked to a number of
factors, including: most of the world’s population living in cities, climate change, scarcity of natural
resources, globalisation, and increased competition. With this, cities need to offer improved and
customisable services for people (Angelidou 2015). According to Dhingra and Chattopadhyay (2016), a
smart and sustainable city has goals to be achieved in an adaptable, reliable, scalable, accessible and
resilient way, such as:

* Improve quality of life of its citizens;
= Ensure economic growth with better employment opportunities;
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= Improve well-being of its citizens by ensuring access to social and community services;

= Establish an environmentally responsible and sustainable approach to development;

= Ensure efficient service delivery of basic services and infrastructure such as public
transportation, water supply and drainage, telecommunication and other utilities;

= Ability to address climate change and environmental issues, and;

= Provide an effective regulatory and local governance mechanism ensuring equitable policies.

It is observed that, when it comes to the environmental issues of smart cities, the discussion is more
political in nature, considering international resolutions and innovative solutions to combat complex
urban challenges. According to the same author, there are four attributes of the smart and sustainable
cities: (a) Sustainability; (b) Quality of life; (c) Urban aspects, and; (d) Intelligence. These are analysed
under four main themes: (a) Society; (b) Economy; (c) Environment, and; (d) Governance (Carrillo et al.
2014; Kondepudi 2015). These themes are also presented by Yigitcanlar and Lonnqvist (2013) on their
work on knowledge-based urban development, which is another concept that relates to the development
of smart cities. A similar concept, smart-eco city, proposes that the city should be ecologically healthy,
using advanced technologies and having economically productive and environmentally efficient
industries, have a responsible and harmonious systematic culture, a physically aesthetic and functionally
living landscape (Yigitcanlar and Lee 2014).

Methodology

The literature review is the basis for scientific writing. It is in the review that the researcher becomes
familiar with the texts, identifies the eminent authors who have been writing on the topic (Ferenhof and
Fernandes 2016). We have adopted a systematic analysis approach (Jesson et al. 2011) for the literature
review. The systematic review searched for articles in three major databases: Emerald Insight, Science
Direct, and Scopus. The search terms used were ‘smart city’ and ‘sustainability’. EndNote software was
used to assist in data compilation. As a result of the search, we obtain:

= 19 documents from the Scopus database;
= 49 documents from the Emerald database, and;
= 629 documents from the Science Direct database.

After verifying documents in duplicate, we got 630 articles. Of these, 353 were fully available on
electronic format. Next, we evaluated the titles and key words to choose which documents dealt with the
two terms ‘smart city’ and ‘sustainability’, and we selected 97 documents to be read. After reading the
abstracts, we have 47 documents to read in full. After the reading these articles, considering which of
them provided information about frameworks, models or tools adopted in smart cities in line with green
sustainability, 25 documents were selected for the final analysis.

Results

This section discusses the results of selected 25 journal articles. The discussion includes similarities in
the research, differences and bibliometric information of the research, such as main authors, keywords,
journals in which the researches are published in, time scale, models, frameworks or tools. Table 1 lists
the reviewed articles selected and their aims.
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Table 1: Reviewed literature

No Literature Aim

1 Yigitcanlar, T., & Lee, S. H. (2014). Korean The paper aims to put the premise of u-eco-city into a test
ubiquitous-eco-city: A smart-sustainable and address whether u-eco-city is a dazzling smart and
urban form or a branding hoax?. sustainable urban form that constitutes an ideal 21st century
Technological Forecasting and Social city model or just a branding hoax.

Change, 89, 100-114.

2 Kramers, A., Hojer, M., Lovehagen, N., & This paper explores the opportunities of using ICT as an
Wangel, J. (2014). Smart sustainable cities— enabling technology to reduce energy use in our cities.
Exploring ICT solutions for reduced energy
use in cities. Environmental Modelling &

Software, 56, 52-62.

3 Gotz, G., & Schiffler, A. (2015). This paper analyses how these green economy strategies
Conundrums in implementing a green have faced conundrums that narrow the thinking on future
economy in the Gauteng City-Region. growth paths, in turn threatening to reproduce a profoundly
Current Opinion in Environmental unsustainable regional economy.

Sustainability, 13, 79-87.

4 Lazaroiu, G. C., & Roscia, M. (2012). This paper proposes a model for computing the smart city
Definition methodology for the smart cities indices. However, the chosen indicators are not
model. Energy, 47(1), 326-332. homogeneous, and contain high amount of information.

5 Lee, J. H., Hancock, M. G., & Hu, M. C. This paper develops a conceptual framework to examine and
(2014). Towards an effective framework for analyse two leading cases from the US and Asia. Through
building smart cities: Lessons from Seoul and  the lens of this new framework the paper identifies
San Francisco. Technological Forecasting heterogeneous and heterogeneous characteristics in the
and Social Change, 89, 80-99. process of planning and developing a smart city.

6 Marsal-Llacuna, M. L., Colomer-Llinas, J., & This paper puts forward new ideas for monitoring the smart
Meléndez-Frigola, J. (2015). Lessons in cities initiative in a better way.
urban monitoring taken from sustainable and
livable cities to better address the Smart
Cities initiative. Technological Forecasting
and Social Change, 90, 611-622.

7 Joss, S. (2015). Eco-cities and Sustainable This paper focuses on the eco-city and related concepts and
Urbanism. In International Encyclopedia of the practices of sustainable urbanism that have since the
the Social & Behavioral Sciences, pp. 829- early 2000s gained growing international popularity and
837. entered mainstream policy as a consequence of the forceful

combination of global climate change concerns and a rapidly
urbanizing world population.

8 Bayulken, B., & Huisingh, D. (2015). Are This paper summarises and systematises the insights that

lessons from eco-towns helping planners
make more effective progress in transforming
cities into sustainable urban systems: a
literature review (part 2 of 2). Journal of
Cleaner Production, 109, 152-165.

have been obtained from eco-town based urban
developments implemented in the North-western Europe
with particular emphasis given into the examples from the
Netherlands, Sweden and Germany.
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10

11

12

13

14

15

17

Hu, M. C., Wu, C. Y., & Shih, T. (2015).

Creating a new socio-technical regime in

China: Evidence from the Sino-Singapore
Tianjin Eco-City. Futures, 70, 1-12.

Marsal-Llacuna, M. L., & Segal, M. E.
(2016). The Intelligenter Method (I) for
making “smarter” city projects and plans.
Cities, 55, 127-138.

Jong, M., Joss, S., Schraven, D., Zhan, C., &
Weijnen, M. (2015). Sustainable—smart—
resilient—low carbon—eco—knowledge cities;
making sense of a multitude of concepts
promoting sustainable urbanization. Journal
of Cleaner Production, 109, 25-38.

Ahvenniemi, H., Huovila, A., Pinto-Seppa, .,

& Airaksinen, M. (2017). What are the
differences between sustainable and smart
cities?. Cities, 60, 234-245.

Zhou, N., He, G., Williams, C., & Fridley, D.

(2015). Elite cities: a low-carbon eco-city
evaluation tool for China. Ecological
Indicators, 48, 448-456.

Tsolakis, N., & Anthopoulos, L. (2015). Eco-

cities: An integrated system dynamics
framework and a concise research taxonomy.
Sustainable Cities and Society, 17, 1-14.

Dhingra, M., & Chattopadhyay, S. (2016).
Advancing smartness of traditional settlements-
case analysis of Indian and Arab old cities.
International Journal of Sustainable Built
Environment, 5(2), 549-563.

Fu, Y., & Zhang, X. (2017). Trajectory of
urban sustainability concepts: A 35-year
bibliometric analysis. Cities, 60, 113-123.

Angelidou, M. (2015). Smart cities: A

conjuncture of four forces. Cities, 47, 95-106.

This paper reveals that an expansion of the scale of
urbanisation and its transformation into the focal point of the
hub-and-spoke eco-city model will enable China to advance
as an international pioneer, by the creation of a new socio-
technical regime dependent on green and ecologically
sustainable systems.

This paper proposes a first-of-its-kind method for the design
of truly smart city projects and the elaboration of smarter
urban planning. The Intelligenter Method is based on the
innovative idea of collaborations discovery in urban systems.

This paper aims to investigate, through a comprehensive
bibliometric analysis, the 12 most common city
categories/typologies.

The paper analyses 16 sets of city assessment frameworks
(eight smart city and eight urban sustainability assessment
frameworks) comprising 958 indicators altogether by
dividing the indicators under three impact categories and 12
sectors.

This paper through its Elite cities framework measures
progress on 33 key indicators selected to represent priority issues
within eight primary categories. An excel-based tool was developed to
package the key indicators, indicator benchmarks, explanation of
indicators, point calculation functions and transparency-oriented data
recording instructions.

This paper addresses the problem of the eco-city paradigm
assessment with a multi-method approach. It grounds three
research questions with focus to eco-cities and applies
alternative methodologies in an attempt to answer them.

The paper aims to investigate the concept of smart
sustainable cities in traditionally planned and organically
grown settlements. Smart Cities Mission is an ambitious
project of Government of India targeting 100 cities for
improving their urban quality of life.

This paper conducts a descriptive summary, a clustering
analysis, and multidimensional scaling of major city
concepts, by establishing a co-word matrix of high-frequency
keywords occurring in the Science Citations Index and Social
Science Citations Index databases.

This paper aims to identify the forces shaping the smart city
conception and, by doing so, begins replacing the currently
abstract image of what it means to be a smart city.
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18

19

20

21

22

23

24

25

Yigitcanlar, T., (2015). Smart cities: an
effective urban development and
management model? Australian Planner,
52(1), 27-34.

Lara, A., Costa, E., Furlani, T., &
Yigitcanlar, T., (2016). Smartness that
matters: comprehensive and human-centred
characterisation of smart cities. Journal of
Open Innovation, 2(8), 1-13

Cohen, B., & Amords, J. E. (2014).
Municipal demand-side policy tools and the
strategic management of technology life
cycles. Technovation, 34(12), 797-806.

Edvardsson, 1., Yigitcanlar, T., & Pancholi,
S., (2016). Knowledge cities research and
practice under the microscope: a review of
the literature. Knowledge Management
Research and Practice, 14(4), 537-564.

Tan, S., Yang, J., Yan, J., Lee, C., Hashim, H.,
& Chen, B. (2017). A holistic low carbon city
indicator framework for sustainable
development. Applied Energy, 185, 1919-1930.

Neirotti, P., De Marco, A., Cagliano, A. C.,
Mangano, G., & Scorrano, F. (2014). Current
trends in Smart City initiatives: Some
stylised facts. Cities, 38, 25-36.

Andrade, J. B. S. O, Ribeiro, J. M. P.,
Fernandez, F., Bailey, C., Barbosa, S. B., &
da Silva Neiva, S. (2016). The adoption of
strategies for sustainable cities: A
comparative study between Newcastle and
Florianopolis focused on urban mobility.
Journal of Cleaner Production, 113, 681-694.

Hu, M. C., Wadin, J. L., Lo, H. C., & Huang,
J. Y. (2016). Transformation toward an eco-
city: lessons from three Asian cities. Journal
of Cleaner Production, 123, 77-87.

This paper aims to firstly, investigate the role of smart urban
technologies in the progress of smart city formation, and thus
providing conceptual clarity on smart cities, and; secondly,
undertake a critical review of application attempts of the
smart city model by looking into emerging practices of
ubiquitous eco-cities as exemplar smart city initiatives from
Korea.

This paper aims to undertake a comprehensive review of how
smart cities are perceived in the literature and in the light of
the findings propose a clearer definition with strong smart
community focus.

This paper develops a conceptual framework that helps to
understand how local governments might develop demand-
side policy tools that stimulate the development and diffusion
of sustainable-driven innovations that enhance local
economic development.

This paper aims to scrutinise and provide a clear
understanding on the evolution of knowledge city research
and practice

This paper develops an indicator framework for the
evaluation of low-carbon city from the perspectives of
economic, energy pattern, social and living, carbon and
environment, urban mobility, solid waste, and water.

This paper provides policy makers and city managers with
useful guidelines to define and drive their smart city strategy
and planning actions towards the most appropriate domains
of implementation.

This paper aims to analyse the differences between public
transportation in Newcastle upon Tyne, the city considered
the most sustainable in the UK, and Florianopolis, a city with
great potential for sustainable policies located in Southern
Brazil.

This paper elucidates the effects of different national
approaches to eco-city development and their antecedents of
the build comparing three Asian cities.
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Similarities and differences between reviewed literature

Out of 25 articles reviewed, 11 of them contained information about models, frameworks and tools.
Articles 7, 8, 17, 18 and 20 (see Table 1) provide information and discussions on concepts such as eco-
city, sustainable urbanism, eco-towns, and smart city/smart cities. Another five of them, those with the
numbers of 11, 12, 16, 19 and 21 present results of bibliometric analysis and/or systematic review. Three
of them, articles 3, 15 and 18, present analyses of solutions in green economy and smart cities, article
number 6 uses mathematical models to build statistics to monitor smart cities, and article 23 provide
detailed guidelines for cities.

Models, frameworks and tools

A total of 11 articles presented research on models, frameworks or tools developed with smart cities
and green sustainability in mind. None of the articles presented the same model, framework or tool.
Table 2 briefly presents occurrences and a summary of each article.

Table 2: Models, frameworks and tools

Literature

Model

Summary

Yigitcanlar, T., & Lee, S. H.
(2014). Korean ubiquitous-eco-

Korea city
model, u-eco-

U-eco-city is basically an ICT and eco-technology. The
principal premise of a u-eco-city is to provide a high quality

city: A smart-sustainable urban city of life and place to residents, workers and visitors with low-
form or a branding hoax?. to-no negative impacts on the natural environment with
Technological Forecasting and support from the state-of-the-art technologies in their

Social Change, 89, 100-114. planning, development and management.

Kramers, A., Hojer, M., Analytical The analytical framework is intended to be of use to
Lovehagen, N., & Wangel, J. framework researches, city and regional authorities and ICT companies
(2014). Smart sustainable cities— interested in acquiring a better understanding of how ICT
Exploring ICT solutions for investments could contribute to reduce energy use in cities.
reduced energy use in cities.

Environmental Modelling &

Software, 56, 52-62.

Lazaroiu, G. C., & Roscia, M. Model for The model uses a procedure based on fuzzy logic for indices.

(2012). Definition methodology

computing the

It could help in policy making process as starting point of

for the smart cities model. smart city discussion between stakeholders, as well as citizens in final
Energy, 47(1), 326-332. indices decision of adoption measures and best evaluated options.
Lee, J. H., Hancock, M. G., & Conceptual This research study generates taxonomies of 6 key

Hu, M. C. (2014). Towards an framework conceptual dimensions and 17 sub-dimensions of smart city

effective framework for building
smart cities: Lessons from Seoul
and San Francisco.
Technological Forecasting and
Social Change, 89, 80-99.

38

practices.



SOItmC & RTU 2017

June 15 (Thur.) - June 18 (Sun.), Riga Technical University (RTU), Riga, Latvia

Hu, M. C., Wu, C. Y., & Shih, T.
(2015). Creating a new socio-
technical regime in China:
Evidence from the Sino-
Singapore Tianjin Eco-City.
Futures, 70, 1-12.

Marsal-Llacuna, M. L., & Segal,
M. E. (2016). The Intelligenter
Method (I) for making “smarter”
city projects and plans. Cities,
55, 127-138.

Zhou, N., He, G., Williams, C.,
& Fridley, D. (2015). Elite cities:
a low-carbon eco-city evaluation
tool for China. Ecological
Indicators, 48, 448-456.

Tsolakis, N., & Anthopoulos, L.
(2015). Eco-cities: An integrated
system dynamics framework and
a concise research taxonomy.
Sustainable Cities and Society,
17, 1-14.

Cohen, B., & Amords, J. E. (2014).
Municipal demand-side policy tools
and the strategic management of
technology life cycles.
Technovation, 34(12), 797-806.

Tan, S., Yang, J., Yan, J., Lee,
C., Hashim, H., & Chen, B.
(2017). A holistic low carbon
city indicator framework for
sustainable development.
Applied Energy, 185, 1919-1930.

Hu, M. C., Wadin, J. L., Lo, H.
C., & Huang, J. Y. (2016).
Transformation toward an eco-
city: lessons from three Asian
cities. Journal of Cleaner
Production, 123, 77-87.

Eco-city model

Intelligenter
method

Elite cities tool

Holistic system
dynamics
methodological
framework

Conceptual
framework

Indicator
framework

3Es framework

This model comprises a cluster with one or two cities
playing the central hub role, surrounded by several
neighbouring city spokes, closely linked to the hub by means
of connected transportation, state grid networks, and
economic ties.

The method is based on the innovative idea of collaborations
discovery in urban systems. It shows that what makes an
urban project or a plan smart is not its sophisticated
architecture or complex master planning in a technological
environment.

The tool measures progress on 33 key indicators selected to
represent priority issues within eight primary categories. It
could be a useful and effective tool for local city government
in defining the broad outlines of a low-carbon eco-city and
assessing the progress of cities efforts towards this goal.

The framework proposed, as a means to assist decision-
makers, local governments and managers designing and
adopting effective policies for monitoring and assessing the
sustainable performance of eco-cities.

This research has sought to develop a grounded theoretical
model for the integration of innovation policy and diffusion
of innovation theory.

The low carbon city indicator framework analyses the low-
carbon development progress of cities on 20 quantitative
indicators across seven categories, covering city economic
development, energy pattern, social and living, carbon and
environmental, urban mobility, waste, and water.

The major concerns of our time reveal that a framework for
assessing the sustainability performance of an eco-city
requires the systematic integration of various aspects of
sustainability. Therefore, this paper proposes a 3Es
Framework (i.e., efficiency, economy, and effectiveness).

It is important to point out that five of the models, frameworks and tools of 11 in total use ICT. These

arc:

= Korea city model, u-eco-city:

o Analytical framework;
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o Model for computing smart city indices;
o Intelligenter method, and;
o Holistic system dynamics methodological framework.

Six of them come up with hints of indicators or categories that can be used in smart cities.

= Model for computing smart city indices:
o Conceptual framework;

Eco-city model;

Elite cities tool;

O

Framework for the evaluation of low-carbon city, and;

O O

3Es framework (efficiency, economy, and effectiveness).

The model for computing smart city indices is the only one that uses both ICT and the indexes for
smart cities.

Authors and research locality

Reviewed papers involved a total of 70 authors, with only three of them appearing in at least two
papers. These two authors are: Mei-Chih Hu (China), Maria-Lluisa Marsal-Llacuna (Spain), and Tan
Yigitcanlar (Australia). The total number of country of origin of the authors was 18 countries. Table 3
lists the names of countries that were repeated more than once.

Table 3: List of country of origin of authors

Country Author
China 6
USA 3
Australia 3
Korea 2
Greece 2
Spain 2
Keywords

Figure 1 below shows a cloud of tags with the keywords quoted in the selected articles.
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Figure 1: Cloud of Tags

Journals

Reviewed 25 articles were published in 15 journals. Table 4 displays the journals that had more than
two articles published.

Table 4: Journals with high quantity of articles

Journals Articles Impact Factor 2015
Cities 5 2.051
Journal of Cleaner Production 4 4.959
Technological Forecasting & Social 2.678
Change 3

Year of publication

We analysed the information of the reviewed articles and verified that the publication year of the
articles. The articles were published between 2012 and 2017 (the analysis conducted in February 2017),
and in the year 2015 there were the largest number of publications on the subject, a total of 10 articles.
Looking at the publication years of the documents, we have identified that the ‘smart city and
sustainability’ topic has become popular only during the last five years. Figure 2 shows the timeline of
the publications.
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Figure 2: Timeline of publications

Discussion and Conclusion

Environmental externalities mainly generated from population increase, rapid urbanization, high
private motor vehicle dependency, deregulated industrialization, and mass livestock production have
placed serious concerns for the future of our wellbeing, and even our existence in the long run.
Realization of the fact that urgent measures must be taken to combat environmental externalities
responsibly, effectively, and efficiently have resulted in the rediscovery of the need for more eco-friendly
practices. Subsequently, during the last few decades, sustainability and sustainable development have
become popular topics not only for scholars, particularly in the fields of environmental economics,
technology and science, urban planning, development, and management, but also for urban policy
makers and professional practitioners (Yigitcanlar et al. 2015). The emergence of these new concepts
starting from early 1970s is an outcome of the response to the growing concerns about the impacts of
development practices on the state of the environment (Yigitcanlar and Kamruzzaman 2015).

Over the past decade smart urban technologies, as part of the smart and sustainable city agenda, have
begun to blanket our cities with an aim of forming the backbone of a large and intelligent infrastructure.
Along with this development, dissemination of the sustainability ideology has had a significant imprint
on the planning and development of our cities. Today, the smart city concept is viewed as a vision,
manifesto or promise aiming to constitute the 21st century’s sustainable and ideal city form. In other
words, smart city is an efficient, technologically advanced, green and socially inclusive city (Vanolo
2014). This is to say, smart city applications place a particular technology focus at the forefront of
generating solutions for ecological, societal, economic, and management challenges (Yigitcanlar 2016).

This paper presented a theoretical basis on the concepts of smart city and sustainability through a
thorough review of the literature. It generated some insight for to understand the relationship between the
concepts of sustainable urban development and smart cities. The challenge of making cities more
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attractive to people brings the need for clarity in terms and concepts, unfortunately it is not the case with
smart cities—although it is seen as a city that uses technology to generate environmental gains and
sustainable outcomes. On the other hand, different than smart cities sustainable cities refer to the
commitment to sustainable urban development. Moreover, despite their promise to deliver sustainable
outcomes with the aid of advanced technology, smart cities are heavily criticised as being just a buzz
phrase that has outlived their usefulness (Kunzmann 2014; Shelton et al. 2015; Yigitcanlar 2016). The
provocation of this paper is, therefore, whether smart cities concept and practice can bring sustainability
to our cities. The paper points out the need for prospective studies in answering this critical issue, where
the review provided here could be a stepping stone for future studies.
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Abstract

The increase of competitiveness and productivity is the objective of improvement of every economic
system. In this case, the economic development is closely related to the ability to retain competitive, the
proper use of the available labour force and capital and to ensure the growth of the gross domestic
product (or a company’s turnover). Productivity is perceived as the ability to properly use the production
factors to create value-added, implement innovations and to maintain the country‘s competitiveness. In
the macroeconomic researches of different scholars (Solow, Saliola, Seker, Kathuria, Puharts etc.) special
attention is given to the quantitative measurement of the various factors of development. These
researches have shown that one of the more accurate methods of the productivity measurement is a
calculation of total factor productivity. In the article, the total factor productivity is calculated by industry
both in Lithuania and in Latvia. In this case, the proportion of the gross domestic product growth, which
is explained by the labour and capital factors productivity growth, is emphasized. At the end of the article
it is concluded, in what industries the growth of labour and capital are important in assessing the growth
of the gross domestic product, in what industries the growth does not have an important influence and the
most productive and less productive industries are distinguished.

Keywords: economic development, gross domestic product, productivity, total factor productivity.
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Abstract

This paper offers an account of the recent economic slowdown in the growth trajectory formerly enjoyed
by South Korea as one of the first “Asian Tigers”. Indicators are provided that, unlike the others, Hong
Kong, Singapore and Taiwan that have continued their upward profile, South Korea has stagnated. It is
argued that the others and some more recent Asian growth economies have moved upwards to higher
value, high skill and high profitability levels and deindustrialising as they did so. This even applies to
recent breakthrough economies like China and Vietnam. In each case, “financialization” has been an
important element in the growth of the Quaternary economy, even in such relative newcomers as
Vietnam, where privatization of services has attracted private equity and other foreign direct investment
financiers. Thus manufacturing is less pronounced than it was. Meanwhile, South Korea has a weak
international presence of banks and other financial sectors because of the domestic focus in its
indigenous growth model. Other weaknesses of closed versus open innovation and “cronyism” at the
behest of the Chaebol system can be laid at the door of South Korea’s traditional conglomerates. A
different model of “thin globalisation” led by knowledge-intensive high-tech, biotech and cleantech with
prodigious financialization is characteristic of the new fast-growth regions and countries elsewhere,
notably Israel, Silicon Valley and Cambridge. Here flattened hierarchies, reliable networking, and
“crossover” innovation are pronounced and from which South Korean industrialists and policymakers
could usefully learn to recover past growth performance.

Keywords: South Korea; Quaternary sector; Deindustrialisation; Chaebol; Crossover Innovation; Thin
Globalisation; High Profitability

Introduction

In this contribution, the plan is to reconsider the importance of “embeddedness” to regional economic
development. One reason for this is that recent research in economic sociology has raised questions
about its contemporary usefulness given critique of two elements: one intrinsic to the perspective; the
other being a feature of evolutionary tendencies in the political economy of today and the near future. In

SOItmC & RTU 2017 Conference 49



o 1862

Society of

° f’dl;é' 2
; DGf\sr RS

Technology, UNIVERSITY

brief, the critique draws attention to a recent questioning of “embeddedness” thinking treating the
“economy” and specifically the “market” as an asocial constraint that limits social action on, for example,
employment and the need for human labour (Ford, 2015). Thus social action is precisely what
embeddedness refers to as the social fabric within which all social action is imbricated in societal
relations, including economic ones. The second question refers to an emergent characteristic of
contemporary political economy that is almost the reverse: namely in a political economy which has
become increasingly “financialized” (Krippner, 2011) in which automated trading systems, electronic
matching engines, varieties of decision algorithm and artificial intelligence (AI) have grown, how
feasible is it for individuals to be socially embedded in what appears to be an increasingly “postsocial”
economic world? In other words, has the market become “performative” (MacKenzie, 2008) in
mimicking the theorems of neoclassical economics and can social action still control techniques that
have developed an effectively asocial way of functioning?

Second, in re-thinking industrial policy when “normal market processes” reach hitherto unhindered
obstacles, it may be helpful to treat it as a discovery process. So the appearance of economic obstacles
reveals that government has imperfect information. This may further hinder its capability to overcome
problems associated with inappropriate innovation to assist removal of such obstacles. Accordingly, as
the handmaiden of policy, the result will express government failure. But since interventions are meant to
smooth the flow of markets by means of market correcting initiative, absence of accomplishment is also
suffered as “market failure” by the private sector. In some quarters, entrepreneurial demand for such
innovation is low because private actors perceive new activities to be of low profitability (Rodrik, 2004).
However, thirdly, if through the lens of “financialization”, we look at certain micro-economies paying
attention also to macroeconomic level data, we see profitability is high for what we refer to (after Rodrik,
2011) as “The Quaternary,” we see low profitability lies in manufacturing, services and — worst of all —
agriculture. But productivity comes from selling Quaternaries to them. Thus it is innovation that enables
restructuring and productivity growth, which are often constrained, to repeat, not on the supply side but
on the demand side. So the developmental dilemma is that innovation is often undercut by lack of
demand from its potential users in the real economy — the entrepreneurs. So, while government needs to
evolve demand-inducing policies it may need to maintain its “embedded” autonomy from private
interests. But it can elicit useful information from the “embedded” private sector by engagement with it.
Such “embedded autonomy” (Evans, 1995) from the ground-up, may release demand impulses that help
overcome developmental blockages, which is the aim of the following discussion.

South Korea as an Exemplar

South Korea experienced one of the most impressive turnarounds from being one of the lowest to highest
GDP reference points after the Korean war (1950-1953), decades of imperialist exploitation by Japan
(1910-1945) and an unreformed property rights land reform unaffected by centuries of feudalistic social
relations. Growth was successfully achieved by interventionist government land reform, industry policies
and the state as “global controller” institution for national economic organisation of the Chaebols
developing a growth sector focus, especially in heavy engineering and light manufacturing. Thus large-
scale corporate and government “embeddedness” expressed a good record on public administration of,
for example, “export subsidies” by South Korea (Rodrik, 2011). For a time government policy on heavy
investment in fossil fuel and exceptional reliance on nuclear energy contributed to rapid post-war growth.
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But more recently, a hitherto prevailing “anti-green” policy perspective persisted in South Korea while
elsewhere pollution and sustainability concerns were already being addressed in other OECD economies.
Suddenly attention was paid regarding South Korea’s “fossil & nuclear” legacy energy policy when
change occurred by Presidential Decree in 2010. It can be stated that South Korea retained its “embedded
autonomy” leadership profile but that it had become outdated. Latterly, some of the leading
developmental large firms have revealed problems, e.g. Hanjin, bankrupted in 2017, Samsung (SDI —
“closed innovation and battery fires” internal supplier) and evidence of “cronyism” and corruption. Thus
the hitherto harmonious implementation of “investment guarantees” had begotten the problem of
“cronyism”. This took the form of a presidential indictment in relation to a $38 billion “transfer” from
Samsung. Subsequently, evidence of expensive gifts to President Park from Lotte Inc. for $17million and
smaller cosmetic surgery infractions involving seventeen Blue House visits were added to the indictment.
So the model of post-war economic growth became shaky shortly after the local variant of the killer
disease SARS (MEIRS) was also found to have origins in South Korea’s leading Samsung medical clinic.
However, because of its emphasis on “imitating” the Japanese “developmental state” model of rapid
industrialisation by major investment in heavy industry, notably steel and shipbuilding, followed by light
engineering in consumer goods (automotives and electronics) South Korea experienced a somewhat
asymmetrical “financialization” if indeed that is a correct descriptor. Because the Chaebols contained
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Fig. 1. Overall Comparative GDP in Selected Asian Economies 1980-2017

their own banks, each supplying preferential investment to its industrial “family” South Korea never
developed the kind of international banking system that other “Asian Tigers”, notably Hong Kong and
Singapore did at the centre of their developmental strategies. This was for good reasons given that those
two island economies had already developed as trade, commerce and financial centres before
independence and they had little option but to do so, although both later developed profitable “quaternary”
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economic activities like ICT and biotechnology to accompany their financialization. Significantly, South
Korea’s GDP per person (purchasing-power parity; PPP) has long lagged somewhat compared to the
three “Tiger Island” economies. But, it is also noteworthy that Japan’s relative economic stagnation since
1990 means that South Korea was expected (by IMF) to by-pass Japan in 2017 as did Singapore in 1993,
Hong Kong in 1997 and Taiwan in 2010. But the most startling re-ranking will be when South Korea
becomes richer than Japan, since in 1980 South Korea's GDP per person was barely a quarter the level of
Japan's.

However, our key indicator for the future is the trajectory of the “Quaternary” measured by profitability.
While the trend in profitability had been upward, 2013 saw a decline in bank profitability. South Korean
banks reported $8.2bn in combined net profits in 2012, a drop of 23.2 per cent from 2011, as their net
interest margin — a key measure of banks’ profitability — fell to 2.1 per cent, its lowest level of the past
decade apart from the crisis years of 2007-9. The country’s banks face squeezing margins due to their
heavy reliance on interest income, while their non-interest income remains small. To compensate, they
are under increasing pressure to expand into non-banking activities like insurance (KB Financial Group)
and derivatives (e.g. Woori Finance) rather unsuccessfully. South Korean banks remain weak in
investment banking, which requires thorough risk control. Consumer credit offers little room for growth,
given the already high levels of debt among Korean households. Also, penetrating foreign markets has
been a difficult, due to their lack of brand value and international networks (Jung-a S, 2013). Moreover,
the profitability of the four main Seoul-based companies, Shinhan Financial Group Co. Ltd., Hana
Financial Group Inc., KB Financial Group Inc. and Woori Bank dropped for two consecutive years from
2013. Their combined profit declined by half, to 4.78 trillion won (US$4 billion) at the end of 2013 from
9.19 trillion won (US$8 billion) two years earlier.

If we move to other knowledge activities, we find profitability down there too. South Korea's 30 largest
business groups saw their profitability plunge to the lowest level since the global financial crisis in
2008. The combined operating profit of the nation's 30 largest conglomerates by assets came to
57.56 trillion won (US$49.34 billion) last year, down 4.3 percent from 60.17 trillion won (US$51.58
billion) in 2008. The figure decreased by as much as 34.8 percent, or 30.69 trillion won (US$26.31
billion), from the peak of 88.25 trillion won (US$75.65 billion) in 2010.

Their operating profits have rapidly decreased in the last four years from 82.39 trillion won
(US$70.63 billion) in 2011, 76.16 trillion won (US$65.29 billion) in 2012, 70.4 trillion won
(US$60.35 billion) in 2013, to 57.56 trillion won (US$49.34 billion) in 2014. Although the business
profit rates of Samsung Group and Hyundai Motor Group were higher than those of 2008, the
figures of both companies were showing a downward trend after hitting peaks in 2010 and 2011,
respectively. Samsung’s operating profit rate reached 11 percent in 2010, then kept decreasing from
9.7 percent in 2012 and 8.9 percent in 2013 to 6.4 percent last year. For Hyundai Motor Group, the
figure also dropped from 8.7 percent in 2011, 7.8 percent in 2012, and 7.2 percent in 2013 to 6.9
percent last year (Jung Suk-yee, 2015). HSBC, Europe's biggest bank, further scaled down its South
Korean operations by closing its retail business, following the sale of its insurance business in 2013.
Thus outlook for consumer banking in South Korea remained a concern to firms there. Standard
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Chartered said earlier in 2013 that it had seen a decline in asset quality in the country and would reassess
the value of its goodwill.

So in respect of the hypothesis of “financialization” - meaning the share of profits going to interest and
dividends is growing, and the rate of profit considering nonfinancial corporates converges to the real rate
of profitability - does not appear to be the case for South Korea. The reverse is the case, where the
rate of financial outflow — that is, the sum of interest, dividends and rents relative to those of
nonfinancial corporates — has remained relatively stable at 50% since the 1980s (Hart-Landsberg,
Jeong & Westra, 2017) Exporters are creating fewer jobs in South Korea as the Chaebol move
production offshore to look for cheaper labour. That has left the domestic economy hurting: small and
medium-sized businesses are still failing and the high-value services sector is lagging well behind other
countries. According to the OECD: “This has raised concerns about Korea’s traditional catch-up
strategy led by exports produced by large Chaebol companies”, the OECD Report on South Korea said
in its recent study (OECD, 2016). There has also been increasing economic polarisation in the post 2008
downturn. Economic inequality increased noticeably during and after the 1997 crisis and the Great
Recession of 2008-9. South Korea’s average Gini coefficient — a measure of inequality — for 1990—
1995 was 0.258, but with rising inequality its coefficient increased to 0.298 in 1999. It continued to
increase, reaching 0.315 in 2010. The same trend can be seen in income distribution: the share held by
the top 10% of income holders divided by that of the bottom 10% has increased from 3.30 in 1990 to
4.90 in 2010. The income share of the top 1% was 16.6% of national income in 2012, not far short of the
extremes in the US and much worse than in Japan (Roberts, 2017)

However, it is noteworthy that Singapore’s profitability has also recently been downgraded. Thus
third quarter 2016 profitability of Singapore’s big three banks declined in asset quality because of
their exposures to loans and investment in the oil and gas service companies. This goes against
Rodrik’s (1995) revisionist but plausible explanation for the economic take-off of Singapore and
Taiwan, which was the sharp increase in investment demand that took place in the early 1960s. The
reason for

this investment boom — unlike the accounts of such agencies as the IMF and World Bank that stress
export orientation - is the efforts of the respective governments massively to enhance government
co-ordination and fashioning of innovative measures to promote profitability. Profitability from
export growth at the time was modest by comparison. A much more plausible explanation for the
economic take-off is thus the sharp increase in investment demand that took place in the early 1960s.
Rodrik’s (1995) heterodox argument is that in the early 1960s and thereafter the Korean and
Taiwanese governments managed to engineer and enhance a significant increase in the private return
to capital which increased profitability.

Space does not allow further analysis of these differences between the comparatively low
“quaternary” economic development of the recent decade or two in South Korea’s growth trajectory.
We simply assert from the limited evidence mobilised, that two important deductions can be made
from the comparative data and analysis proposed by economic growth theorists such as Rodrik (1995;
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2011) The first of these is that manufacturing employment and GDP share remain high in South
Korea. Meanwhile some even later industrialising countries have already begun de-industrializing,
notably China and Vietnam. Conversely, the “Tiger” economies, notably Singapore and Hong Kong,
and their Asian successors have “financialized” their economies more than South Korea (e.g. also
Vietnam) and have augmented such quaternary activity with other knowledge-intensive, high value,
high skill and high profitability quaternary activities as in Taiwan. These include activities such as
innovative ICT, software, systems design, medical biotechnology and R&D. In this respect their
economic profiles are closer to those of regions like Silicon Valley, Greater Cambridgeshire and
Israel, which are among the most knowledge-intensive “quaternary” regions in the world.

Interactive or Crossover Innovation

In this section of the paper, we propose to utilise the information so far displayed alongside some key
insights about the mechanisms that may help understanding of the differential trajectories of South Korea
in comparison with some other Asian growth economies. We shall begin with outlining some key
features of “innovation governance” in the advanced regional innovation systems listed at the end of the
previous section before comparing and contrasting such governance with what has typified or diverged
from that emergent new “innovation governance” mode. First, we may say that high-tech platform
ecosystems or complexes like Silicon Valley, Cambridge and Israel do not display strong top-down
governmental modes of economic decision-making in policy or strategy. In other words there is seldom,
if ever, a peak committee in which economic deliberations that directly affect specific platform industries
by producing detailed action-lines that favour or disfavour specific technologies. That is not to say that in
a general way, certain bundles of “cross-cutting” new technology capabilities or problems that may
indeed occur in the form of “technology pathologies” may be fashioned. These may evolve as broad
frameworks for alerting or sensitising “actors of consequence” of a clearer priority of recognition by
“policy champions”. A good example is “Homeland Security” which consists of many diverse but
technologically interlocking targets, problems and opportunities. In the US as many as seventeen
different information and intelligence agencies engage directly with intelligence gathering at home and
abroad. These involve mobilising “Big Data” gathering and analysis, algorithm writing, cybersecurity,
cyberwarfare, including cyberforensics, drone design and applications and multiple kinds of tracking,
verifying, intercepting and, if necessary, arresting or otherwise preventing “technology pathologies”
from threatening individual lives and communities. Without labouring the point, such “crossover”
innovation opportunities also occur, in different combinations but including overlaps across the
boundaries of “Big Platforms” such as Biomedicine, Elderly Healthcare, Artificial Intelligence,
Renewable Energy and Sustainable Mobility, sometimes “fuzzily” designed to meet “Societal Grand
Challenges”.

Such often “post-political” activity bundles are moulded by “policy champions” of various kinds. For
example, Artificial Intelligence, with its close linkages to Robotics and Nanotechnology has a few
“protean” influential champions in the US such as Ray Kurzweil, an apologist for Al for decades (Ford,
2015; Barrat, 2013). Kurzweil himself is widely seen as an attention-seeking entrepreneur and
proselytiser for only the positive implications of Al. He is influential, having his pedagogical efforts
sponsored by, amongst other Californian businesses, Google, Genentech and Cisco Systems. His
inventive effort has touched such technologies as optical character recognition, computer-generated
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speech and music synthesis, all of which relate to augmentation of human senses. He was awarded
twenty doctoral degrees from the likes of Babson College, Bloomfield College, Clarkson University,
DePaul University, Hofstra University, Michigan State University, Rensselaer Polytechnic Institute and
Worcester Polytechnic Institute, and been honoured by US presidents Johnson, Reagan and Clinton.
Among his awards to the technological, humanities and musical communities are the following: 2000
The Lemelson-MIT Prize. This $500,000 award is the largest in the U.S. in invention and innovation.
1999 The National Medal of Technology, the nation’s highest honor in technology. 1998 The Stevie
Wonder / SAP “Vision Award” for Product of the Year a $150,000 prize (being used by the Kurzweil
Foundation to provide scholarships to blind students), and the 2008 American Creativity Association
Lifetime Achievement Award. It can obviously be agreed that the optimist Kurzweil is widely seen as a
“crossover” innovator and an Al “champion” despite his cultist association with Silicon Valley’s
“Singularity University” (reminiscent in some ways of L. Ron Hubbard and “Scientology’”) which
Kurzweil founded in 2008.

Without contemplating the “cultist” evangelizing of Kurzweil’s obsession with a fictitious fake version
of the astrophysical phenomenon of the “singularity” when even light can no longer escape from a black
hole in space, three things that follow are pertinent to our utilisation of his curriculum vita in support of
the function of “champions” as arbiters of post-political action framing. First, it is noteworthy the extent
to which Kurzweil’s innovative career expresses crossover innovativeness with respect to: the invention
of a classical music synthesizing computer involving designing computer technologies such as machine
reading to assist the disabled and to enrich the arts, including winning awards for film production.
Second, the institutional nodes with which Kurzweil’s interaction occurs are solid entities in the worlds
of academic research entrepreneurship, government and large corporations. After long advisory roles
with firms listed above, he was in 2013 appointed head of engineering at Google. He had worked with
Google's co-founder Larry Page on special projects over several years. His executive appointment
occurred as Google began assembling the largest artificial intelligence (Al) laboratory in existence.
Acquisitions involved military robotics firm Boston Dynamics, thermostat maker Nest and cutting-edge
Cambridge (UK) Al firm DeepMind. These were added to smaller purchases of Bot & Dolly, Meka
Robotics, Holomni, Redwood Robotics and Schaft, and another Al startup, DNNresearch. It also hired
Geoffrey Hinton, a British computer scientist who is rated the world's leading expert on neural networks
(Cadwaladr, 2014). Finally, Kurzweil is an avid publicist for his serious and more questionable analyses
and predictions having published seven books translated into eleven languages.

No other technology — specifically Al (with robotics [Ford, 2015] and nanotechnologies) — has anywhere
near as “protean” the influence on key decision actors ranging from DARPA to Google as the
aforementioned Ray Kurzweil but others take on relevant roles from other more sceptical viewpoints.
Three of these, cited in Barrat (2013) include 1. J. Good, Eliezer Yudkowski, and Stephen Omohundro.
Good, who died at 92 in 2009, was a British expatriate mathematician and former Bletchley Park
codebreaker colleague of Alan Turing. Good was responsible for coining the term “information
explosion” to describe the impact of Al on human intelligence when it could be anticipated. Stanley
Kubrick turned to Good as the adviser on the 1968 film 2001: A Space Odyssey. It was Jack Good with
his insights on intelligent machines, who helped create the infamous character of HAL, the Al computer
in the film. In Good’s seminal paper “Speculations concerning the first ultra-intelligent machine” he
defined this — a forerunner to “Singularity” thinking - as follows:
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Let an ultra-intelligent machine be defined as a machine that can far surpass all the intellectual
activities of any man (sic) however clever. Since the design of machines is one of these
intellectual activities, an ultra-intelligent machine could design even better machines; there
would then unquestionably be an ‘intelligence explosion,” and the intelligence of man would be
left far behind. Thus the first ultra-intelligent machine is the /ast invention that man need ever
make, provided that the machine is docile enough to tell us how to keep it under control. (Good,
1965)

Accordingly, Good was a “champion” and influential at the highest governmental, academic and
corporate levels with crossover theoretical interests from Bayesian mathematics to computer
programming design and manufacturing to film consultancy. Moreover, he was careful not to take an
over-optimistic line on the controllability of Al unless - as he wrote — “docility” could be built into the
resulting technology. Other more sceptical Al “champions” who take a more practical but still
pessimistically inclined view regarding the difficulty of ensuring “docility” from future Al or “artificial
general intelligence” (AGI) as they term it, include gurus such as Eliezer Yudkowski, and Stephen
Omohundro, noted earlier and as profiled extensively in Barrat (2013). Omohundro is optimistic, but this
is based on his underlying notion that all Al is lethal because of the well-known software engineering
problem that much programming is bad work, i.e. sloppy and incompetent, as Microsoft Word users have
known for decades for its almost constant de-bugging upgrades. Bad programming is estimated to cost
the US economy $60 billion per year. This implies a vast need for “self-improving software” a variety of
“evolutionary programming” that may evolve from currently practised “machine learning”. Article space
disallows fuller explication of such potentially influential views, save to say that Yudkowski — who
invented the Al Box — a kind of Turing machine that led some players of its “game” to believe that a
“thinking engine” had been invented, insists AGI would be catastrophic for humanity unless it is
designed to be “Friendly AI”, But as Barrat (2013) observes critics argue that progressing towards AGI is
necessitated by the even greater dangers of “artificial specialised intelligence” (ASI) falling into the
hands of:

“ so many reckless and dangerous nations on the planet — North Korea and Iran for example —
and organised crime in Russia and state-sponsored criminals in China launching.....cyberattacks,
relinquishment would simply cede the future to crackpots and gangsters” (Barrat, 2013, 200-01)

Hence we see the origins of the engineer’s linear determinist thinking enlarged prodigiously and
apocalyptically. The initial “mindlessness” of contemporary incremental innovators is captured in the
following statement from Uber founder and Chief Technical Officer (CTO) Oscar Salazar who admitted:

“We are adding technology to a society without thinking about the consequences. I think
government, industry and society need to work more together, because it is going to get crazier

and crazier.” (Fairchild, C, 2017)

Here — belatedly - is recognition that as governments fail adequately to regulate technological
experiments, good champions are also hard to find when their infantile aspirations are mainly “disruptive”
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(Christensen, 1997) and informed by the likes of Facebook’s Mark Zuckerberg’s earlier mission
statement to “move fast and break things” (the origin of bad programming; Taplin, 2017). It has finally
dawned on the Ubernauts that, as Fairchild (2017) also notes:

“Advances in artificial intelligence and automation could mean as 50% of today’s US jobs will go
away, according to some estimates. Joined on stage by other high-profile members of the tech
community, (chair Kara) Swisher forced her panelists to defend Silicon Valley’s seeming
incapability to take responsibility for the downstream effects of its innovation. (Ibid)

Most governments and tech entrepreneurs excuse their mindlessness regarding the effects of Al
automation upon workforces by stressing the importance of retooling and reskilling the workforce for
tech jobs in the future. As engineers, in the main, they completely fail to see the paradox that they are
responsible for the future absence of positions that it will be futile to train anyone for (Streeck, 2016).
We shall return to this conundrum of engineering’s linear model of non-reflective obtuseness later, but
for the moment we cite Frey & Osborne’s (2013) estimate of 64 million US jobs (47% of the total)
having the potential to be automated within “perhaps a decade or two” (Frey & Osborne, 2013).

Policy without Global Controllers

This narrative demonstrates that technological policy innovation needs “Champions” although they do
not have to be evangelical or cultist in their behaviour along the lines of Ray Kurzweil, even though he
clearly fits in with a particular strand of American science fiction “envisioning” that suits the vacuous
purposelessness of the careless engineering and software programming that clearly often characterises
high-tech innovation processes. Even when there is some degree of “adult supervision” of highly
sensitive explorative and purposeful algorithm design, other mistakes can be thoughtlessly committed.
Thus the story of the “cyberecosystem” and its often dystopian as distinct from cyberutopian outcomes is
often prefaced by reference to and discussion of the work of disaster sociologist Charles Perrow. In his
oft-cited book “Normal Accidents” (Perrow, 1999) and in particular his critique of “tight coupling”
describes a system whose parts have immediate and severe impact upon each other.

A case in point is the so-called “smart grid”, another is the financial system (MacKenzie, 2008) or food
refrigeration system, healthcare system, defence system and so on. All of these and many other such
systems are potentially vulnerable regarding “department of homeland security” (DHS) issues. In 2007
DHS tested the robustness of the grid at the Idaho National Laboratory by selecting a typical online
turbine generator, “hacking” it and altering its settings. Accordingly, it malfunctioned as the turbine self-
destructed from inside. Its “supervisory control and data acquisition” system (SCADA) the “global
controller” encrypted security programming of the type used in many systems critical settings noted
above failed. On the bass of this, a new kind of malicious software (malware) to cause such destruction
to hostile systems was conceived. It was called Stuxware. It was specifically designed for the US (NSA)
and Israeli intelligence services to destroy a Siemens logic controller used in a gas centrifuge nuclear fuel
enrichment plant in Iran by subverting its virus-prone MS Windows PC operating system. Spies carried
flash drives releasing the Stuxnet virus throughout the plant’s local area networks (LAN) to identify
undiscovered security holes in the operating system.

SOItmC & RTU 2017 Conference 57



o 1862

Society of

° f’dl;é' 2
; DGf\sr RS

Technology, UNIVERSITY

Stuxnet worked and, as noted, it was likely sponsored by US and Israeli intelligence agencies but the
private Equation Group has been identified as advising in the US and Mossad’s agents activating the
Israeli contribution. Un-named private consultants in Tel Aviv were also interviewed in website reports
and testing is asserted to have been conducted at the Idaho National Laboratory nuclear research facility
in the US (the same one where HDS conducted its stress-test) and at Dimona’s Negev Nuclear Research
Center, Israel’s nuclear weapons facility. But, even so, Stuxnet, which was supposed to self-destruct after
multiple malware operations escaped, allowing thousands of copies to be accidentally distributed.
Experts conclude that this fate is typical of the lack of thinking beyond the short-term that characterises
“act fast and break things” thinking about the likelihood of “normal accidents” occurring.

While this narrative does not seek to present platform ecosystems of the Quaternary kind under
discussion as paragons of virtue, it is clear that even the tightest hierarchical control assumed to be
typical of military hierarchies is not immune to major failures of administration predicted in Perrow’s
(1999) “normal accidents” analysis. Although we have yet to turn to the implications of this narrative for
the prodigious hierarchical control of Chaebols like Samsung in the South Korean context it should
nevertheless give pause for concern during that national economy’s period of relative stagnation
compared to the past. One reason is that a tradition of Neo-Confucianist hierarchy, obedience and control
associated with Chaebol tradition is no longer the administrative power in industrial organization that it
once was. More recently, notions of “flattened hierarchies”, “intrapreneurship” and “open innovation”
have affected learning in some large corporate entities as they have struggled to compete with more
flexible, nimble and agile regional and global supply and knowledge networks. Typically, this way of
operating has characterised the SME platform ecosystems of the Quaternary activities pronounced in the
Silicon Valley, Cambridge and Israeli set-ups and in the global financial “superhubs, “biomedical
megacentres”  that are nowadays the leading “frame” for learning innovative organizational
“(non)governance” (Nadivi, 2017).

Accordingly a highly “networked” collaborative enterprise complex characterises, for example the
“complex adaptive super-systems” that manage global financial systems. These elements of “superhub
globalisation” with numerous nodes distributed across the planet contrast with the “thin globalisation”
networks more typical of the other knowledge-intensive Quaternary activities associated with “Big Data”,
cybersecurity, systems design, software algorithms, biopharmaceuticals and cleantech. As noted earlier,
these have high rate of networking among technology entrepreneurs, university researchers and
government or military representatives and clients. Such platform ecosystems are thus not top-down
hierarchical administrative or bureaucratic systems in any meaningful way. It is thus a decentralised,
associational “Innovation Advocacy” model of industry organization. There is usually no formal strategy;
the main driver has been incremental, evolutionary, sometimes rapid, change. “Superhubs” for financial
services and *biotech megacentres” particularly in the UK and US tend to be open not managed
economies and there has been little or no recognisable industrial strategy The UK’s recent attempt at an
industrial strategy in 2017 was disparagingly referred to as a political “toyshop” Finally, we now see,
typically new innovation models emerging in the likes of Cambridge where “crossover” mutations from
microelectronics to advanced combustion engines and healthcare are being fashioned (Eason & Dean,
2016).
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Cambridge Innovation Advocacy Without a “Global Controller”

In Cambridge the “soft infrastructure” of entrepreneurship and innovation marketing support has the
following intermediaries active at one or other time assisting the ICT, biotech, software and systems and
cleantech sectors. The Cambridge Network, which links together members and provides services for
academic entrepreneurship. St. John’s Innovation Centre incubation environment accelerated the growth
of ambitious innovative start-up businesses. Cambridge Science Park, established in 1970 was the new
setting on which the ICT cluster began to grow rapidly. There were some 39 new companies from 1960
to 1969. In the 1970s, 137 were formed. By 1990, there were 100 per year. These initiatives are now
supported by knowledge-intensive intermediaries such as ideaSpace, which is a community of people in
Cambridge starting high impact new ventures. Hence ideaSpace members are creating new business
models (Kirk, Cotton & Rees, 2016).

What we might term examples of “Soft Infrastructure, Soft Power” includes institutions like Cambridge
Enterprise which helps Cambridge University students and academics to commercialise innovative ideas
by establishing a business. In the field of biotechnology, One Nucleus is a not-for profit Biotechnology
membership organisation which aims to maximise the global competitiveness of its members. Supporting
this is Cambridge Biotechnology Campus, which houses 7,000 professionals and scientists. Of
significance also is The Wellcome Genome Campus is home to some of the world’s foremost institutes
and organisations in genomics (Sanger Institute) and computational biology at Hinxton Tech Park. This
facility is a long-established and highly valued support infrastructure also for biotechnology - Babraham
Biosciences Incubator & Research Campus. A newer are a of cluster ecosystem evolution involves clean
technology, represented by Cambridge CleanTech. This is also a member organisation for cleantech
start-ups and evolved firms, replicating the “associational” or collaborative mode of start-up industry
organisation. Bestriding this associational infrastructure are cluster-platform ‘“champions”, notably
Hermann Hauser, co-founder of Acorn with Christopher Curry, who was part of a Cambridge II initiative.
Hauser’s venture capital company Amadeus (with funding from the likes of software transplant
Microsoft) was a leading actor in helping start-up companies. Thereafter, in collaborative efforts to
access support for growth in Cambridge, which by 2017 had grown to the status of a city-regional
mayoralty consolidated as the Cambridge-Peterborough, built partly on the growth insights of the past
partnership among Alec Broers (Vice-Chancellor of Cambridge University), spatial planner Marcial
Echenique (Cambridge University School of Architecture and a transport planning specialist and David
Cleevely (Analysys telecom consultant founder) who, collectively, decided to assist the — subsequently
successful - attempt to develop Cambridge’s high-tech future.

This marked the evolution of “Cambridge Phenomenon 27, (SQW, 2011) which in 1997-8 looked at various
issues such as land use, transport systems and telephony. The aim was to seek to accommodate growth through

new Science Park development to link the university and industry. The university saw need for seedcorn finance

and participated in seed capital funds, including the Quantum Fund, and Cambridge Research and Innovation

Ltd. Entrepreneurs also became venture capitalists: Amadeus Capital (Hermann Hauser); Merlin Ventures, a

biotechnology fund (Chris Evans founded Chiroscience) and the Gateway Fund founded by local financier

Nigel Brown. Thus the “champions” were able to envision how future growth rests on continued acquisition of

research funding, understood as the key knowledge core of — especially — ICT and biotechnology innovation

excellence. A future key is the identification of flexible research funding that furthers and fosters “knowledge at

interfaces” (“crossover”) types of interdisciplinary research profile to evolve along multiple inter-dependent
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research pathways. Departure by the UK from the European Union presages major uncertainty about Science
and Technology “framework funding” as represented by the EU’s Horizon 2020 research programming. This
has meant a novel financing development bolstering research at Cambridge University has occurred as follows.
Because of UK (and EU) financial weakness, so-called “quantitative easing” more commonly known as
“printing money” is practised by the Bank of England (and in the Eurozone, the European Central Bank). In the
UK the Bank of England currently buys bonds issued by some universities, including Cambridge. The largest
university bond was a £350 million issue from Cambridge in 2012 with a maturity date of 2052. Such bonds are
sold to finance university research and teaching — deemed officially to make a material contribution to the UK
economy. Accordingly, the Bank of England now also has a contributory role in funding long-term Cambridge
University research (Wilson, 2016). As a final and recent indication of the financing prowess of the UK’s
leading seats of academic entrepreneurship in the country’s changing circumstances, the following is indicative.
A comparison of University venture funds shows the UK at the global top of the league (Table 1). Within the
KAUST (King Abdullah University of Science & Technology of Saudi Arabia) University Venture Fund data
for the UK, Cambridge Innovation Capital (a private fund) was a key investor in intellectual property, raising
£75 million. From 2011 to 2016 University of Cambridge Enterprise (public knowledge transfer office of the
university) administered deals involving 11 companies that were sold or stock exchange listed with a combined
value of £1.3
Table 1: University Venture Funds

Country Magnitude
UK $5 billion
us $4.5 billion

China $2 billion
France $1.1 billion
Japan $0.6 billion

Source: KAUST Innovation Fund (2016)

billion. These spinouts own their own IP and were incubated in the university with regular peer-review of
progress before coming to market. As hinted earlier, much of this initial investment capital comes from the Gulf
and Asia (Frean, 2016).

Many of the implications of the global financial crisis, and some or all these listed key priorities, will as already
noted, be affected by the UK exit from the EU with its negative and positive effects upon the cluster-platform.
Thus access to high skilled migrant labour from the EU is directly affected by migration policy from the UK
state. It is less a driver of negative effects than non-EU technological talent recruitment which, as we saw, is
seen as often more modern in its curriculum than EU labour. Thus labour shortages may in different ways occur
to EU and non-EU talent recruitment. As SQW (2011) say, the cluster:

“...must recruit workers they need, recognising a particular shortage of top quality management
and marketing skills but also the imperative to attract internationally excellent professionals from all
spheres” (SQW, 2011, vi).

60



SOItmC & RTU 2017
June 15 (Thur.) - June 18 (Sun.), Riga Technical University (RTU), Riga, Latvia

This means EU-start-ups, management and research leaders may continue to be sought while non-EU trained
medical diagnosticians and analysts or technologists in medical and ICT fields will remain in demand. Finance
will remain an imperative if high-tech growth occurs while the UK’s declining currency makes acquisitions
from abroad more likely and attractive.

Finally, although Cambridge foreign acquisitions still occur as noted with Cambridge Consultants Ltd’s (CCL)
acquisition of US firm Synapse, but such acquisitions became 20% dearer directly after the Brexit plebiscite
(with assets 20% cheaper to outsiders). Until then this was part of CCL’s strategy to evolve a track record of
creating high-value organisations built around disruptive technology, an exemplar of “thin” globalisation. Thus
four of Cambridge's $15 billion capitalisation firms - Cambridge Silicon Radio (CSR), Xaar, Vectura and
Domino Printing Sciences - were among those spun off by CCL. Other spin-offs include Alphamosaic and Inca,
who were subsequently acquired by Broadcom for $123m and Japan’s Dainippon Screen for $60m. With the
expansion of its US presence, CCL would also be bringing its venturing activity to the extensively
“financialized” US capital markets. Now there is greater uncertainty about basic and applied research funding
that hitherto came to Cambridge research from programmes such as Horizon 2020. The UK government has
given some reassurance that substitution of such funding will occur short-term, but the final arrangement awaits
the results of Brexit negotiations. By contrast as shown, long-term uncertainty is in part insured against by the
issuing of Cambridge University bonds that are currently available for purchase by the UK central bank’s
quantitative easing policy, as long as it lasts. With inflation on the rise in 2017 monetary policy will remain
constrained and interest rates straining but likely to be kept at historic lows during the UK’s “resilience-free”
economic era, likely to last ten years or more since the 2007-8 global financial crisis.

So, to return to South Korea’s current evolutionary arrest in its upward growth trajectory, South Korea is like an
island, surrounded by sea and cut-off from the land-mass immediately to its north by an extremely hostile
political power in North Korea, aided somewhat reluctantly in its political posture of local and global aggression
by its globally prodigious geopolitical ally, China. Not surprisingly, South Korea, while globally competitive in
consumer goods markets is quite locked-in to a manufacturing paradigm. It has become somewhat isolated
regarding global good practice in industrial organization despite its success in the past in succeeding in rapid
industrialisation. The Chaebol system by which industrial groups divide along sectoral boundaries, supported by
an in-house domestic banking system, managed by an extremely hierarchical and rather bureaucratic
administrative system, now seems rather outdated and lacking in forward impetus.

The problems of “cronyism” towards the disgraced former South Korean leader Park Geun-Hye with claims of
enormous gifts to Presidential charitable interests and worse are testimony to the weakening of the traditional
elite system of industry management. The scandal of the burning battery was one caused ultimately by a
mentality that favoured “closed innovation” in a world that had generally become happier with market
transactions involving “open innovation”. The in-house supplier chosen by Samsung was not expert in battery
technology but SDI won the in-house supplier contract anyway. SDI stands for Samsung Digital Imaging which
is actually an optoelectronics (or photonics) subsidiary of Samsung spun-off from Samsung Optoelectronics in
2009. The Burning battery in the Galaxy 7 smartphone cost Samsung some $5billion in 2016-7. Half the faulty
batteries were produced by SDI while the other half were produced by affiliate Amperex Technology without
fault. In a different field of Samsung operations where global networks with other major corporates are
pronounced, Samsung Biologics is jointly owned by Samsung Electronics Co. and Samsung Everland Inc. each
owning a 40 percent stake in the venture, with Samsung C&T Corp. and Durham, North Carolina-based
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Quintiles each holding 10 percent. Samsung Biologics will contract-make medicines comprising living cells.
Samsung Group plans to expand into producing copies of biologics including Rituxan leukaemia and lymphoma
treatments sold by Roche AG and Biogen Idec Inc. of Boston, MA. The Samsung Medical Centre is South
Korea’s leading clinic. However, it transpired in 2015 that the national outbreak of a mutated form of Severe
Acute Respiratory Syndrome (SARS) or (Middle Eastern IRS) originated in the Samsung Medical Centre.
These, in different ways point to a worrying degree of “corporate overreach” by South Korea’s leading
conglomerate.

Conclusions

As a small-scale yet traditionally high-grade university research centre, Cambridge learnt the lesson of
Intellectual Property in 1975 when local research launched a new industry — biotechnology — the
commercial returns from which were exploited by academics and risk capitalists based across the world
in the University of California’s San Francisco Medical School. Thereafter, a relatively liberal
intellectual property regime prevailed with the discoverers or academic inventors evolving into
innovators as they were encouraged to exploit their own IPR alongside that of the university by
agreement. This meant that the growth trajectory self-guided towards an “open innovation” model of
knowledge exploitation relatively unhindered by corporate requirements or interests except insofar as
market-based contracts were fulfilled between global customers and local suppliers of commercialised
knowledge-intensive output. Surrounding this research exploration/exploitation kernel, a facilitative
bottom-up innovative and entrepreneurial infrastructure of “associative” intermediaries and “champions”
evolved towards an economic governance form known in development studies as “Embedded
Autonomy”. This is the opposite of a “Developmental State” model of economic growth once practised
in early fast-growth Asian economies like South Korea, Singapore and Taiwan. As we saw earlier the
last two of these, alongside Hong Kong, have largely moderated their “developmental state” models in
favour of the “thin globalisation” of a knowledge-intensive “Quaternary” trajectory, deindustrialising
away from manufacturing-led growth as they proceed. However, due to its deep path dependence on
Chaebol-led state development thinking, South Korea has been unable or unwilling to join them,
resulting in deteriorating economic indicators in consequence.

The self-sustaining ambition of he “Asian Tiger” pioneers has generally been to overcome the
developmental blockage identified by Rodrik (2011), which has been to stimulate demand for innovation
by stimulating the supply to meet demanding customers’ requirements for creating technology (not
sector) entrepreneurs. Such technologies are then capable of becoming “general purpose technologies”
not simply sector-limited technologies. Crossover innovations in leading Quaternary cluster-platform
complexes like Silicon Valley, Cambridge and Israel naturally find applications among cluster
ecosystems, especially where they co-exist in proximity with ready applications in new economic
activities occurring outside their original technology base. Rather than relying upon corporate or state
hierarchies to “pick winners” the local “Platform Champions” conduct local and national lobbying
through their shared interest in promoting “Innovation Advocacy”. In the case of Cambridge anatomised
above it began with the first champions for the nascent ICT cluster, and then evolved as a group of inter-
related, albeit diverse clusters that subsequently grew into, currently, four pillars of a set of
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complementary, advanced technology knowledge-intensive or Quaternary cluster-platforms. From this,
local-global marketing of “crossover” excellence leads to high employment, skills and profitability
growth, something which all development experts hope to deliver.
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‘The Business Model Design Compass’ of Dr. JinHyo Joseph Yun Published by Springer

Dr. JinHyo Joseph Yun, principal researcher at the Convergence Research Center for Future Automotive
Technology (Professor of Open Innovation Academemy of SOItmC www.openinnovaitontmc.org) ,
published ‘the Business Model Design Compass’ by the Springer, German publishing company.

In the book, Dr. Yun explored the open relationship between technology and markets and established a
crucial link between them. It takes a systematic approach to describe the relationship between technology
and market, focusing on how to develop and maintain successful business models.

SOItmC & RTU 2017 Conference 65



1862

Society of ® \?g;s‘ :
- ) S\T M 2
E Open Innovafion a’ I‘ mescucm.

Technology, Complexity UNIVERSITY

Management for Professionals

JinHyo Joseph Yun

(==
=
S,
=
m
v
W
=
(=]
(=
®
f
m
a,
(]
-
[y
(=]
=
=]
=]
v
v

» Explores the open relationship between technology and markets and establishes a crucial link
between them

Introduces entrepreneurs to the developing-circle based business model
» Considers the entire process of open innovation for creating concrete business models

» Demonstrates how to create new business models from the perspectives of a customers, users,
social entrepreneurs, and engineers

This book reveals how open innovation utilizes the developing circle of business models to establish new
ones that define a unique link between technology and markets, focusing on how to develop and maintain
successful business models. It draws readers into the philosophy and economic effects of open
innovation from the outset. It presents four different developing circle business models for customers in
the role of consumers, entrepreneurs, social entrepreneurs and engineers respectively, enabling each
group to develop, utilize and enlarge creative business models, and even switch business models.

In addition to these four circles, it takes a systemic approach to describe the relationship between open
innovation, and business model. From this relationship an open innovation strategy towards
entrepreneurship can be adopted. From Open Innovation to a Creative Developing-Circle Business
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Model is an essential resource for start-up entrepreneurs, as well as for students of technology
management, strategy and open innovation.

Eminent scholars such as Distinguished Professor Loet Leydesdorff who is the pioneer of the Tiple-Helix,
collaboration among the industry, university, and government, Distinguished Professor Ulrich Witt who
is worldwide famous for Schumpeter economic theory, Distinguished professor Anil K. Gupta who is the
founder of the Honey Bee Network which is world best social open innovation platform, Professor Fred
Philips who is the Editor In Chief of Technological Forecasting and Social Change, Professor KongRae
Lee who is the founder of Asia Journal of Technology Innovation, Professor Venni Krishna who is the
editor in chief of Science, Technology, and Society, and Professor Yigltcanlar Tan who is the editor in
chief of International Journal of Knowledge Based Development congratulated and recommended the
publishing of this book.

Currently, Dr. Yun serves as the president of Society of Open Innovation: Technology, Market, and
Complexity (SOItmC www.openinnovationtmec.org ) and plays a critical role in developing open
innovation business model. More than 1,000 scholars from 30 countries are member of SOItmC.

He is also the editor in chief of the editorial board of the Journal of Open Innovation: Technology,
Market, and Complexity (JOItmC www.jopeninnovation.com ). More than 100 scholars from about 20

leading universities including Tokyo University, Tsinghua University, and the University of Cambridge
are on the editorial board.

Dr. Yun said, “The business model development based on open innovation will be very crucial to Korea

in which not many research are underway in this field as well as to the world in the face of the fourth

industrial revolution. I hope this book will provide clues for entrepreneurs, students, and corporation, and
policymakers to respond to the new industrial environment.”

Springer is the one of the prestigious global publishing company in Germany that publish books, e-books,
and peer-reviewed journals in science, technical, and medical fields. More than 200 Nobel laureates’

books and journals have been published in Springer.
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Benefits and Costs of Closed Innovation Strategy:
Analysis of Samsung’s Galaxy Note 7 Explosion and Withdrawal Scandal

Abstracts

Samsung Galaxy Note 7 has been withdrawn from the market after occurrences of its explosion after
launch in 2016. Our research wants to answer three questions as follows.
How did the Samsung Galaxy Note 7 withdrawal occur?
What caused this event to take place?
How should we understand the causes and processes of this event?
From among the qualitative inquiry methods, this study used case study research.
From this research, we found out three implications.
First is the benefits and costs of closed innovation strategy in Samsung Electronics.
Second is the internal impact of the Galaxy Note 7 explosion on Samsung Electronics.
Three is that the success in open innovation strategy requires much investment and effects.
Keyword: Samsung Galaxy Note 7 explosion, closed innovation. Benefits of closed innovation, Cost of
closed innovation, not invented here syndrome

Introduction

Samsung Electronics is one of the leading electronics companies in the world, with the largest market
share in terms of sales. From the wide array of smartphones it has manufactured, only the Samsung
Galaxy Note 7 has been withdrawn from the market after occurrences of its explosion after launch in
2016. In the past, smartphone manufacturers, such as Samsung, Apple, and Blackberry, faced diverse
scandals such as smartphone explosions after launch; however, cases in which a specific smartphone was
withdrawn from the market because of such explosions were only one case. Given the novelty and
impact of this case of the Samsung Galaxy Note 7, this study aims to analyze the reason behind the
withdrawal of this device in relation to its explosion, the withdrawal process, and the impact of the
incident in depth.

Research questions

How did the Samsung Galaxy Note 7 withdrawal occur?

What caused this event to take place?

How should we understand the causes and processes of this event ?

This study was conducted to find the answers to the above three questions. First, it focused not on the
physical cause of the explosion, but on the cause that led to the incident in terms of business
administration. Through the analysis, we may understand the technical innovation strategy of Samsung
smartphones in detail.

Research method
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From among the qualitative inquiry methods, this study used case study research. Case study research
is “defined as a qualitative approach in which the investigator explores a real-life, contemporary bounded
system (a case) or multiple bounded systems (cases) over time, through detailed, in-depth data collection
involving multiple sources of information (e.g., observations, interviews, audiovisual material, and
documents and reports), and reports a case description and case themes” (Creswell, 2012, pp. 96-97).
The case target of this study is the explosion of the Samsung Galaxy Note 7. First, this study analyzed
the articles of Korean and overseas newspapers such as the Financial Times for the period of August 26
to November 16, 2016. The keywords used were “Galaxy Note 7 explosion.” Second, we contacted
Korean newspaper reporters who had written articles related to the scandal, as well as employees of
Samsung Electronics, both former and current, by e-mail, and some were interviewed to provide a more
in-depth discussion. For the interviews, questionnaires were distributed on May 12, 2017. Interview
details are described in Table 1.

Table 1 Schedules and targets of in-depth interviews

Target Interview Channel
Schedule

C, Newspaper reporter May 12,2017  E-mail

J, Newspaper reporter May 15,2017  E-mail

L from Samsung Electronics May 15, 2017 E-mail, +interview
J, a specialist of business strategy May 16,2017  E-mail, +interview
C from Samsung Electronics May 17,2017  E-mail

C from Samsung Electronics May 17,2017 E-mail, +interview
J from Samsung Electronics May 15,2017  E-mail

J from Ex-Samsung Electronics May 15,2017  E-mail

P, a specialist of business strategy May 19,2017  E-mail, +interview

The half-structured interview questionnaire is described in Appendix 1. Because of the complex
requirements involved in interviewing, such as contacting and interviewing participants to generate data,
and analyzing that data to obtain observations and new knowledge, this process takes a huge amount of
time and money (Seidman, 2013, p. 11). Third, this study analyzed books and research papers that
described the process of technology innovation and development at Samsung, which became the
background of the development of the Samsung Galaxy Note 7, and identified information on the causes
and related information about the explosions. This was done because understanding the strategies and
history of technology innovation and development of Samsung itself is vital to identifying the essence of
the explosion and to developing an in-depth description and analysis of this case.

Literature review and research framework
Literature review

Nowadays, new economic pressures on innovation are forming, developing costs of new products are
rising, and product life cycles are being shortened. To counter these trends, there is a need for companies
to come up with innovative ideas to introduce their business models; in this process, internal product
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development makes use of outside resources and inside intellectual property is managed externally
(Chesbrough, 2007).

Even though an open approach to innovation presents the opportunity for firms to come up with
product features that would have been difficult to plan out under concrete closed integration, when
partner companies set different goals, open innovation also restricts the group’s ability to finalize the
product’s technological trajectory (Almirall & Casadesus-Masanell, 2010). Thus, both discovery and
divergence are treated as benefits and costs of open innovation.

Open innovation concepts have proven themselves as relevant to both “high-technology” companies
such as Lucent, 3Com, IBM, Intel, and Millennium Pharmaceuticals, and those not belonging to this
group but that have adopted the concept early on (H. Chesbrough & Crowther, 2006). According to
Chesbrough and Crowther (2006), key success factors of inbound open innovation include he provision
of a top-down direction and encouragement of practices of open innovation; allocating responsibility for
success; network-building in important areas; proper alignment of criteria and rewards to motivate
success, be it in an open or closed environment.

There are several advantages to utilizing open innovation in risk-laden activities, such as the
pioneering of new technologies or business opportunities, deferred financial costs, early exits translating
to reduced downward losses, and delayed exit in case of spin-off ventures (Vanhaverbeke, Van de
Vrande, & Chesbrough, 2008). However, according to Vanhaverbveke, de Vrande, and Chesbrough
(2008), innovative firms have to develop new capabilities and methods to discover the full “real option”
potential of open innovation practices.

In the process of the transformation of consumer electronics, open innovation has industrial dynamics.
It should be noted that other categories of companies, such as small suppliers of components, modules,
and end-user products in high-end markets, as well as manufacturers and assemblers of components and
systems, also play significant roles in the innovative enhancement of such electronics (Christensen,
Olesen, & Kjer, 2005).

What are the changes in a company’s organizational structure and management system when it shifts
from closed to open innovation? According to a study in which the adoption of open innovation by four
Italian firms, operating in mature, asset-intensive industries, was described, the journey from closed to
open innovation involves the four main dimensions of the company’s organization, i.e., inter-
organizational networks, organizational structures, evaluation processes, and knowledge management
systems (Chiaroni, Chiesa, & Frattini, 2010).

In the developmental changes in the semiconductor (DRAM technology) field, Samsung Electronics
followed a spiral process model of technological innovation in which there are four steps:

(a) Entrance of foreign companies into the Korean market and their refusal to transfer their

technologies to Samsung, initiating its indigenous technological innovation capabilities (ITICs);

(b) Samsung started technological innovation capabilities (TICs) by means of reverse engineering of

imported foreign technologies and by transfer of technology;

70



SOItmC & RTU 2017
June 15 (Thur.) - June 18 (Sun.), Riga Technical University (RTU), Riga, Latvia

(c) Samsung improved technological innovation (TI) by means of an adaptive technological
innovation strategy and, finally;

(d) Developed the capability of establishing its own ITICs, becoming one of the leading companies in
the world that competes with firms from advanced countries in the global market (Ali, Muhammad, &
Park, 2011).

Innovation is a result of multiple combinations such as the dynamic combination between
exploitation and exploration, the open combination between absorption and distribution, the vertical
combination between upstream and downstream, the functional combination between intensive and
extensive, and the multiple combination between synergic and sporadic (Hong, 2012). According to
Hong (2012), in the innovation activities for Samsung’s code-division multiple access (CDMA) digital
phone development, a strong vertical combination gave the company a competitive advantage over rivals.

However, in the case of smartphone apps, in contrast to Apple, first movers of the platform employed
a closed strategy for quality control of the platform and to ensure customer loyalty. With this, Samsung
has employed the platform strategy of “openness,” which allows free entry of participants, and “sharing”
of created value, which is considered vital, along with an excellent platform environment (Kim, Hong, &
Kim, 2014).

According to McAfee and Brynjolfsson (2014), the world is at a turning point at which the effects of
digital technologies can only truly be shown through automation and the creation of “unprecedented
things.” There is nothing new about digital technologies with computer hardware, software, and
networks at their core, but after the third revolution, they are transforming the economy as they become
more complex and integrated (Schwab, 2017, p. 7). The fourth industrial revolution, which is based on
physical technology breakthroughs such as autonomous vehicles, 3-D printing, advanced robotics, new
materials; and on digital breakthroughs such as the Internet of Things (IOT), radio frequency
identification (RFID), Bitcoin; as well as several digital-based biological innovations, is diffusing much
faster and more widely than previous so-called revolutions (Schwab, 2017, p. 8). With the arrival of the
fourth industrial revolution, there have been several effects on business: 1) customer expectations are
shifting; 2) products are being enhanced by data, thus improving asset productivity; 3) new partnerships
are being formed as companies learn the importance of new forms of collaboration; and 4) operating
models are being transformed into new digital models (Schwab, 2017, p. 53). This revolution is
reshaping human reality, including the areas of business and economy, involving the following:

1) Hyperhistory, which is the situation of individual and social well-being dependent on ICTs;

2) ICTs as interpreting and creating technologies;

3) ICTs as technologies of the self;

4) Enhancing, augmenting, and reengineering technologies;

5) The self-constitutive value of privacy;

6) Shifting and decreasing intelligence with the stupidly smart;

7) ICT-friendly environment; and

8) The emergence of a political multi-agent system (MAS) (Floridi, 2014, pp. 3, 40, 59, 96, 118, 131,

144, 175).
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In other words, with the acceleration of the fourth industrial revolution, which can also be called the
second IT revolution, in which ICT spreads to all industries, companies are actively making attempts to
form creative and new connections and combinations between technology and the market, beyond their
current boundaries, in almost all industries, including mature and asset-intensive industries and high-tech
industries (Chiaroni et al., 2010).

Research Framework

Closed Innovation dominant paradigm Open Innovation dominant paradigm
Revenue Revenue
, Closed Innovation(A+) |4  OpenInnovation(E+)
i Open| tion(B
Closed Innovation (A) pen Innovation(B) .
I Di £ first Additional benefits of
The be;e:\i,t::f first . dv;iizg:alz;qt:ir:k c'::::rup Open innovation Channels

Market Revenue by Increased market

- Efficienc revenue by
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Internal Development Cost ||| Internal Development Cost The 4t Intemnal Development Cost
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External development cost Increased outside
such as transition cost complexity Cost
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Fig. 1. Research framework

As shown in Figure 1, this study focused on the aspect of the rapidly changing cost and revenue
structures of cases of closed and open innovation as the fourth industrial revolution accelerates. That is to
say, the framework of this study was to analyze the cause of the Galaxy Note 7 explosion, part of the
Samsung smartphone business, which business used closed innovation strategy under an open
innovation—dominant paradigm, and the process of handling the incident, from two aspects. First, we
analyzed the change of revenue and cost of Samsung’s closed innovation policy according to the
paradigm shift from the closed innovation—dominant paradigm to the open innovation—dominant
paradigm. That is, we compared A and A+ in Figure 1. Second, we analyzed Samsung’s closed
innovation under the open innovation—dominant paradigm by comparing it with the open innovation
strategy of other companies such as Apple. That is, we compared A+ and B+ in Figure 1.

Ex ante analysis
Global status of the smartphone business, and Samsung
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In terms of global supply status of lithium-ion batteries, which are used for smartphones, Samsung
SDI ranked first, accounting for 23%; Panasonic was in second place, with 21%, followed by LG Chem
(15%), Amperex Technology (10%), and Sony (about 8%); these figures are for 2015. This indicates that
Samsung is achieving the world’s largest production of smartphone batteries. The global market share of
Samsung smartphones has rapidly increased over the past 10 years, as shown in Figure 2, from 1.8% in
2007 to 32.3% in 2013, at which time Samsung developed the world’s first 5-inch large-screen
smartphone, and on to 22.1% in 2016. Recently, however, Samsung’s market share has slightly
decreased because of the rise of Xiaomi, Vivo, Oppo, and Huawei.

According to an experiment conducted by the German branch of Samsung Electronics, in terms of
battery capacity and time of smartphones, LG Electronics’s G5 sustained 2,800 mAh for 6 hours, 31
minutes, and 49 seconds; the Huawei P9 had a value of 3,000 mAh for 6 hours, 51 minutes, and 43
seconds; Sony Xperia X had a value of 2,620 mAh for 7 hours, 15 minutes, and 35 seconds; HTC 10 had
a value of 3,000 mHa for 8 hours and 3 seconds; Apple iPhone 6S had a value of 1,715 mAh for 8 hours,
13 minutes, and 57 seconds; Samsung Galaxy S7 Edge had a value of 3,600 mAh for 10 hours, 30
minutes, and 14 seconds; and Samsung Galaxy S7 had a value of 3,000 mAh for 10 hours, 59 minutes,
and 11 seconds. In other words, with regard to the total usage time for each smartphone battery, Samsung
ranked first. However, in terms of the total use time for a smartphone battery against the battery capacity,
the battery efficiency of Samsung smartphones was vely low. In fact, to improve battery efficiency,
Samsung FElectronics has made efforts to reduce smartphone battery size by using more compact
components. The ratio of the battery size in the Galaxy Note 3 was 21.0% in September 2013; that of the
Galaxy Note 4 was 21.2% in October 2014; that of the Galaxy Note 5 was 20.4% in August 2015; that of
the Galaxy S7 Edge was 22.7% in March 2016; and that of the Galaxy Note 7 was 19.4% in August 2016.
Samsung Electronics has made intensive efforts to increase the smartphone battery time and capacity and
to decrease the battery size over the past two to three years.

In 2015, smartphones, that is, mobile devices, accounted for about 50% of all sales of Samsung
Electronics. Its mobile devices formed 44.6% of this total; non-mobile computers were 1.3%; device
solutions—semiconductors / memory cards were 21.1%; display panels—LCD and OLED panels were
12.2%; visual display business—digital TVs were 13.0%; and other consumer electronics—printers, air
conditioners, and refrigerators were 7.8% among the sales of Samsung Electronics. The ratio of the sales
of smartphones at Samsung Electronics rapidly increased.

Overview of Samsung Galaxy Note 7 explosion

As the combination of various components of a product, its size and range, and its development speed
significantly grow, the possibility of an unexpected mutant, which is a risk, in a product system increases;
it is believed that this risk exists for all such complex products (Mitroff & Anagnos, 2001, pp. 23-25).
Crises faced by companies are related to either their corporate systems or to their products, and involve
technical factors and managerial factors such as organizational structure, human factors, organizational
culture, and the philosophy of top executives (Mitroff & Anagnos, 2001, p. 44).
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Table 2 Development of the Samsung Galaxy Note 7 explosion

Time (2016) Date

Development

August 2

Samsung Electronics first released the Galaxy Note 7 at an event in New York.

19

Samsung Electronics officially launched the Galaxy Note 7 in Korea and the US.

24

A user on a Korean Internet community board showed a photo of a burned Galaxy
Note 7.

29

A video showing a burned Galaxy Note 7 was uploaded on YouTube.

September 31

Samsung Electronics suspended the supply of the Galaxy Note 7 to Korean mobile
service providers.

October 1 The Korean Agency for Technology and Standards requested a report on the results

of the investigation into the explosion by Samsung Electronics.

2 Samsung Electronics officially announced that a battery fault had caused the
explosion and decided to stop selling the smartphone and to make replacements.

8 The Federal Aviation Administration recommended now allowing the Galaxy Note 7
on airplanes.

9 The Consumer Product Safety Commission (CPSC) recommended users stop using
the Galaxy Note 7.

10 Samsung Electronics instructed Korean and American customers to stop using the
Galaxy Note 7.
The Ministry of Land, Infrastructure and Transport recommended users stop using
the Galaxy Note 7 on airplanes and stop placing the devices in cabin baggage.

15 CPSC decided to officially recall the Galaxy Note 7.

19 Korean mobile service providers started to replace the Galaxy Note 7 with a new one
in all stores across the nation.

November 1 Samsung Electronics started to sell the new Galaxy Note 7.

5 A Galaxy Note 7 smartphone burned on board an airplane at Louisville International
Airport, Kentucky, United States.
The Korea Testing Laboratory announced that the cause of the incident was
“external impact.”

6 CPSC started to reinvestigate the Galaxy Note 7 explosion.

10 AT&T and T-Mobile suspended replacement of the Galaxy Note 7.
Samsung Electronics temporarily suspended the production of the Galaxy Note 7.

11 Samsung Electronics announced it would suspend selling and replacing Galaxy Note

7 units around the world. (Discontinued)

Source: SiSa In (Oct. 27, 2016, No. 475 “Galaxy Note 7 Explosion, How did Samsung Electronics aggravate the

situation.”

The characteristic of the development of this incident was that the risk and impact of the incident
dramatically expanded and likely became uncontrollable when the Korean Agency for Technology and
Standards, the Consumer Product Safety Commission, and Samsung Electronics interactively handled
this problem. When Samsung Electronics responded to this issue, it did not interact with its customers
because its focus was on interacting with the risk management organizations of the U.S.A. and Korea.
Thus, the risk of this incident dramatically increased, leading to the discontinuation of the smartphone

unit.
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Technical cause of Samsung Galaxy Note 7 explosion

The negative pole arrived at
the round.

The edge should be
nearly a right angle.

The negative pole should be
short not to arrive at the round.

The edge was too smooth.

The positive The positive
pole Separate curtain . pole
= S ——
T;‘;:“’t“’e \ The positive
pole
Separate curtain
Normal Battery<ATL> Samsung SDI Battery

Fig. 2 Conceptual diagram of the technical cause of the Galaxy Note 7 explosion
Sources:
Pressian, Oct. 12, 2016 “The battery explosion was caused by the wrong design of Samsung SDI.”
Hankookilbo, Sep. 2, 2016 “What is the cause of the Galaxy Note 7 explosion”, and in-depth

interview results.

At the time, Samsung Electronics explained that the explosion of the Galaxy Note 7 was caused by “a
slight problem that occurred during the battery cell manufacturing process.” Overall, according to the
related article description and the interview with the person concerned, among the two channels
supplying smartphone batteries to Samsung Electronics, China ATL and Samsung SDI, there was a
problem in the batteries supplied by Samsung SDI. As shown in Figure 2, normal batteries should meet
the two conditions supplied by ATL. First, the negative pole should be short so that it does not to arrive
at the round end. Second, the edge should be nearly a right angle. However, the Samsung SDI batteries
did not meet these two conditions and short-circuited, leading to eventual explosion. First, the negative
pole arrived at the round end; second, the edge was too smooth.

As can be seen in Figure 3, when a 3,500 mAh battery with a size almost identical to the 3,600 mAh
battery of the Galaxy S7 was inserted into a space that is significantly smaller than that of Galaxy S7, the
battery short-circuited.
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Galaxy Note?
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Galaxy Note 7 Galaxy S 7

Fig. 3 Comparison between batteries of Galaxy Note 7 and Galaxy S7
Source: Ohmynews, Sep. 2, 2016.

Change of benefits and cost of closed innovation in paradigm shift
Tradition of Samsung’s innovation: closed innovation in a closed innovation—dominant paradigm
A

Byung-Chul Lee, the founder of the Samsung Group, said that all businesses have their own risks, and
yet some businesses are indeed riskier than others. Thus, he stressed that related risks should be
eliminated one by one in any kind of plan, which proved to be one of his entrepreneurial gifts (Yajiman
Ganji, Lee (translation), 2006, p. 119). With this, he also suggested that the manageable innovation
promotion of closed innovation is the innovative spirit of Samsung, saying that “The duty of an
entrepreneur is to do business that no one does or can do” (Yajiman Ganji, Lee (translation), 2006, p.
165). For this purpose, he founded the Samsung Electronics Industry Co., Ltd. in January 1969, a time
when Korea did not have any technological foundation. Despite his thoughts on closed innovation,
however, he established open innovation based on technology accumulation as his corporate vision. As a
contributor to a newspaper, he mentioned that “The electronics industry can have extensive joint
development of new fields and technologies only when it systemizes and mutually assists domestic
companies;” he clarified the development direction of the industry, saying it should be based on its own
technology development accumulation. After that, Samsung worked with advanced technology
companies until the 1970s, creating companies like Samsung—Sanyo Electronics (renamed Samsung
Electro-Mechanics), Samsung NEC (renamed Samsung Electronic Tubes), and Samsung Corning.
Samsung also focused on securing its own technologies for a short period. The efficient introduction and
absorption of technologies and capital, an aggressively competitive internal system, and improvement-
focused technology development were stressed in the main electronic businesses of the company.
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In its aim for development, Samsung aggressively and boldly invested in the semiconductor field,
attempting to acquire first-mover advantage (Choi, 1996; Kim, 1997; Mathews & Cho, 2007, p. 25). This
innovation of Samsung Semiconductor, with its diverse strategies such as rapid, aggressive, and massive
investment, mass production system establishment, fast achievement of goals, and various process
innovation, technology selection, and intensification and diversification to reduce production costs,
formed an archetype of the closed innovation strategy of the closed innovation—dominant paradigm (Shin
& Jang, 2006, pp. 37, 48, 58, 66). Samsung Electronics formulated a strategy of securing first-mover
advantage through massive investment and research and development (R & D) and maintaining of these
things in the semiconductor field. More concretely, to maintain and develop the advantage of leaders in
the semiconductor sector, Samsung promoted speed management based on a strict internal control
system, a diversified structure that can carry out all matters in the company; synergy between internal
organizations; and a combination of internal R & D and production that allows internal R & D to directly
lead its own production; this allowed Samsung to realize a strong closed innovation strategy.

Samsung’s way of management is called the “Samsung-Style Paradox Management,” which presents
the closed innovation strategy in the closed innovation—dominant paradigm with the following paradoxes: 1)
Become a large and prompt organization with an emphasis on both status and execution; 2) Observe
horizontal and vertical diversification and specialization; and 3) Mix and match the strengths of American
and Japanese management styles (Song & Lee, 2014, p. 20). These three core success factors, pointed out
as a paradox management, such as prompt decision-making and execution, synergy through convergence,
and evolutionary change, are in congruence with the core success factors of closed innovation in the closed
innovation—dominant paradigm. With this, Samsung-Style Paradox Management includes the following: 1)
Fusion of leadership for East to meet West, 2) Perpetual crisis and contingency planning, and 3) Speed for
the survival of the fastest (Kim & Valdez, 2014; pp. 97, 99, 103). The strong points of closed innovation
under the closed innovation—dominant paradigm is are identical to the key factors of paradox management
of Samsung, such as the massive R & D investment and fast speed to maximize the first-mover advantage,
the leading of marketization of faster R & D performance through internally diversified recombination, and
continuous evolution through internal R & D and internal fusion.

The Frankfurt Declaration of Kun-Hee Lee in 1993, which was a “new management declaration,” was
the climax of the closed innovation strategy in the closed innovation—dominant paradigm. There, Lee
stressed essential innovation such as quality rather than quantity and love for customers and human
beings rather than instant and superficial improvement (Son and Lee, 2013; p. 149). Leading the market
through internal investment in R & D and rapid response to customer requirements, and by meeting
customer expectations quickly, was the direction Lee wanted to pursue.

Samsung under a new environment: closed innovation in the open innovation—dominant paradigm (A+)

Samsung is a dominant company in home appliances like TVs and washing machines, but it is its
smartphones that have made Samsung a household name like Walt Disney and Toyota Motors (Grobart,
2013). The Samsung smartphone business embraced Android, the open-access operating system (OS) of
Google, in 2009, but its first smartphone did not attract much attention from the public. Despite this,
however, in 2010 Samsung introduced the Samsung Galaxy S line and launched various smartphone
models with bigger screens, ranging from 2.8-inch to 5-inch units; these screens were different from
those of other smartphones. This method of manufacturing devices with similar functions yet of different
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sizes to identify which would do well in the market is an uncommon practice given its high cost (Grobart,
2013), but it was made possible because Samsung promoted the closed innovation strategy, which
involved a vertical integration production structure in which its display, memory, processors, and other
high-tech parts were internally produced and assembled. While Apple produced a minimum number of
smartphone models with a unique design, Samsung rapidly produced smartphones with all kinds of
designs, watched the market’s response to all of them, and modified the products. In other words, Apple
achieved the vertical integration of the smartphone OS, but Samsung achieved the vertical integration of
hardware and, through extensive closed innovation, identified the product that customers wanted and
then rapidly produced it.

Since its first launch of the Galaxy smartphone series in 2010, Samsung has seen customer demand
for large-screen smartphones. As shown in Figure 4, Samsung’s global market share was 19% in 2011,
30.4% in 2012, and 32.3%, 2013, ranking first in terms of the total production of smartphones in the
world. However, the highest market share of Samsung smartphones was achieved through a typical
closed innovation strategy. In other words, Samsung itself produced its main smartphone parts and
innovated them as much as it could, in addition to producing smartphones with various types and
structures and finding and meeting customer demand and expectations.

However, we need to pay attention to the shift of the smartphone business environment from the
closed innovation—dominant paradigm to the open innovation—dominant paradigm. Thus, the global
market share of Samsung smartphones rapidly dropped from 32.3% in 2013 to 22.1% in 2016. During
Samsung’s downturn, Chinese smartphone manufacturers, such as Xiaomi, Vivo, Oppo, and Huawei,
grew. The benefits of the first mover in the market, acquired through the development of various product
lines together and massive investment, was lost in a very short period. Since then, new product
competitors have grown exponentially and extended their market share. As of May 2017, Chinese
smartphones accounted for about 20% of the European market.

Per cent

Global, 2015-2016

= I I
(estimate)

Fig. 4 Smartphone market share of Samsung from 2007 to 2016
Source: Financial Times (November 10, 2016), and Strategy Analytics.
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The reason that Samsung enjoyed the advantages of being a global leader in the memory
semiconductor and display fields, and ranked first in the global market through the use of the closed
innovation strategy, is that this strategy matched the closed innovation—dominant paradigm of the
industry. Since that time, however, the reason that Samsung’s smartphone business has faced a
significant decrease in its global market share of over 10% in the three years after it achieved global top
smartphone market share, is that Samsung’s closed innovation strategy did not match with the open
innovation—dominant paradigm of the smartphone industry.

Risk surging by closed innovation strategy and management of Samsung Electronics

The main risk of closed innovation under the open innovation—dominant paradigm, in terms of
management, is that the first-mover advantage has a shorter product life cycle. As a prime example,
Samsung Electronics experienced a rapid reduction in its global market share from 32.3% in 2013 to 20.1%
in 2016—a short period of three years. Samsung promoted the traditional closed innovation strategy, in
which it developed new and diverse smartphones and launched them quickly in the market. This speed-
focused management strategy, however, eventually led to the major oversight that led to the Samsung
Galaxy Note 7 explosion.

According to interviews and articles, it can be assumed that the development of numerous sizes of
batteries by Samsung SDI, shortly after the internal built-in battery was adopted, caused a battery pack
design fault that stemmed from problems of management.

Samsung verified the quality of its smartphones through a fast process; this efficiency of the closed
innovation process, such as internal development, use, and verification, however, increased the
possibility of product uncertainties or incidents.

To maximize the efficiency and speed of more diverse smartphones rapidly, Samsung Electronics and
Samsung reorganized their decision-making structure into an efficiency-based hierarchical structure,
rather than a horizontal creativity-centered structure. During the process, the smartphone and smartphone
battery production departments and sectors did not engage in horizontal and active discussions, and the
unilateral and hierarchical culture increased the uncertainty in the development of new and diverse
product lines.

Benefits and costs of closed innovation strategy
Evidence of closed innovation strategy by Samsung

Samsung Electronics pursued the closed innovation strategy. It has released many smartphone models
within a short cycle, and by surveying the customers’ responses to them, improved the units. The strategy
was used in the Galaxy S and Galaxy Note series, which are Samsung’s main mobile devices. According
to Appendix 2, 10 phones under the Samsung Galaxy S series were released from 2010 to 2016. In
addition, according to the Appendix 3, 8 phones under the Samsung Galaxy Note series were launched
from September 2011 to 2016. In other words, from 2010 to 2016, Samsung Electronics released 18
smartphones only in the Galaxy S and Galaxy Note series. On average Samsung has launched a new
smartphone model every 4.7 months since 2010. It should be noted as well that Samsung also released
low-end models during the same period. In contrast, Apple launched just 10 smartphones, namely the
iPhone, iPhone 3G, iPhone 3GS, iPhone 4, iPhone 48S, iPhone 5, iPhone 58S, iPhone 6, iPhone 6S, and
iPhone 7, over the past 10 years since its first iPhone was released in 2007.
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Under this situation, Samsung Electronics enjoyed first-mover advantage for large-screen
smartphones when the Galaxy S3 (a 4.8-inch phone) in 2012 and the Galaxy S4 (5.0-inch phone) in 2013
drew much attention from customers in the global market. However, Samsung’s leading position rapidly
shrank in just two to three years because of Apple’s iPhone 6 series, released in 2014, and Chinese
smartphone manufacturers’ production of large-screen devices.

While Samsung Electronics was quickly developing and releasing new devices, no one can deny that
the process complexity increased. Since the company first adopted a built-in battery in 2015, the battery
pack design, the battery operating time, and the battery capacity have been sources of high uncertainty.
Because the company has implemented various functions for smartphones over short periods of time,
such as increasing the battery operating time and capacity and decreasing the battery volume, related
uncertainties have increased.

Benefits of closed innovation strategy by Samsung Electronics

Samsung achieved the top share in the global smartphone market through its “excellent research and
development capacity and well-accumulated innovative workforces.” In fact, though, the company was
passive about M&As with other companies, except for the Harman case. By strengthening its internal
capacity, Samsung has made efforts to improve unification of its systems from parts to finished products.
With continuous investment in R & D and differentiation from other companies in terms of performance
and quality, Samsung Electronics successfully launched the Galaxy series and explored new smartphone
fields, like the Galaxy Note. In addition, it continued to develop product differentiation such as edge
screen, iris recognition, and Bixby Al. While pursuing the traditional best follower strategy, Samsung
Electronics successfully accumulated amazing technical capabilities, such as excellent manufacturing
capacity and its own procurement capability, unmatched by other competitors, through vertical
integration in the hardware sector, allowing the company to produce internally completed products. “One
genius can feed millions of others”—this management philosophy of Kun-Hee Lee already stresses the
management strategy of Samsung, which focuses on internal capacity. In fact, current and former
employees of Samsung Electronics, as well as reporters and experts, all mentioned that the main success
factor of Samsung smartphones was “Samsung Electronics’s internal R & D and internal innovation
capacity accumulation.”

In terms of the existence and contribution of open innovation when Samsung Electronics obtained its
high global market share, current employees, reporters, and experts had different opinions. In addition,
they thought the contribution was not high according to interviews. However, the recent movements of
Samsung Electronics, such as the acquisition of LoopPay of the US, which became Samsung Pay,
through use of massive internal reserves, and that of Harman, a top global acoustic apparatus company,
have shown the use of a new open innovation strategy.

Costs of closed innovation strategy by Samsung Electronics

It was said that the cause of the Galaxy Note 7 battery explosion in terms of management was
“internal research and development and innovation capability accumulation.” This was cemented by the
results obtained from this study’s in-depth interviews with current and former employees of Samsung
Electronics, reporters, and experts. For example, as Samsung Electronics continuously received its
smartphone batteries from Samsung SDI, its own efforts made to improve the quality of batteries through
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diversification of battery suppliers became insufficient. Samsung Electronics itself pointed out that the
supplier in Samsung Group had to meet fixed deadlines and that there was not enough time to fully
verify the batteries. In addition, an opinion that its long corporate culture of command and discipline had
been accumulated through a long closed innovation process, leading to the battery explosion, was
suggested several times. There was another opinion that the incident was caused by the internal way of
operating the overall value chain including R & D in Samsung Electronics. If there are different opinions
in an organization, they should be clearly expressed and handled. However, that process was considered
as having low efficiency and appeared to be rejected. In other words, the high efficiency of Samsung’s
management system is the actual cause of its products being more exposed to risk factors or uncertainties.
The interviewees also agreed that the explosion was not caused by the result of the “externally
excellent R & D performance and innovation capacity acquisition process”; that is, in terms of
management, they all thought the explosion was not related to the open innovation strategy at all.

Where should Samsung Electronics go?—The future of Samsung’s smartphone innovation
strategy

Members and nonmembers of Samsung all agreed that the company needed to continuously and
actively obtain innovation capacity from “the outside” and continue to have the top innovation capacity
globally. In particular, the current department heads of Samsung Electronics, who directly witnessed the
acquisition of Harman, highly agreed with this opinion. Strictly speaking, the current employees of
Samsung Electronics who were there at the time of the scandal and the successful acquisition of Harman
and Viv Labs strongly recommended the open innovation strategy as the future development strategy of
Samsung Electronics. With the acquisition of Harman, the company itself experienced the possibility of
launching a new business and the usefulness of technology acquisition. It is necessary for Samsung
Electronics to watch the technologies and markets of global startups and aggressively and initially invest
in companies in order to create new business in the future. A former department head of Samsung
Electronics who did not experience the success of open innovation suggested promoting both closed and
open innovation. In particular, in the case of the software sector, even though Samsung Electronics has
exerted much effort to develop internal capacity, this effort has clear limits in acquiring technologies
over a short period. Recently, Samsung’s active M&A actions are in the same vein. However, as
Samsung Electronics does not have high open innovation capacity like that of Google and Apple, it is
suggested that maximizing the acquisition of open innovation capacity by actively seeking to cooperate
with venture companies or small- and medium-size companies around the world with advanced
technologies should be the core project for the company. Achieving the mass production of a new
business over a short period by a big business like Samsung Electronics through an M & A or partnership
with a start-up or SME is the way to overcome the growth limits of capitalism as described in
Schumpeterian Dynamics of Open Innovation (Yun, 2015).

Discussion, and Conclusion
Discussion
Causal Model of 4" Industrial Revolution and Innovation Paradigm Shift from CI into OI
As the 4™ industrial revolution is being motivated, the paradigm of innovation is changing from
closed innovation to open innovation. The 4™ industrial revolution means higher technology innovation
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acceleration by smart IT. As in the <Appendix 3> causal loop model, if a higher technology innovation
acceleration situation does not change in the 4™ industrial revolution, bigger open innovation will be
motivated continuously. But in higher technology innovation, smaller closed innovation will be
motivated continuously. If the technology innovation acceleration increases, a new combination will also
increase, and the value of timely acquisition of external innovation compared to that of the proprietary
exploitation of internal innovation will also increase. In the end, the innovation paradigm will shift from
closed innovation to open innovation. In addition, organization learning for open innovation or closed
innovation usage will motivate additional open innovation or closed innovation.

But if the technology innovation acceleration decreases, open innovation will decrease continuously,
and closed innovation will increase continuously. This is to say, this causal loop model is dynamic
reversible, in contrast to the Senge’s Success to the Successful (Senge, 1990, p 25).

In this model, there are 2 reinforcing loops, as follows. One is the open innovation-reinforcing loop. The
other is the closed innovation-reinforcing loop.

Table 1. 2 Reinforcing Loops in causal model of 4™ industrial revolution

R1 (R1) Advantage of Open Innovation and Internal Development 7 =» Relative Advantage of
Open Open Innovation compared to Closed Innovation 1 =» Usage of Open Innovation (OI
Innovation Usage) T =» Organizational Learning for OI Usage 1 =» Efficiency of OI Usage 1 =
reinforcing Advantage of Open Innovation and Internal Development 1

loop

R2

Closed (R2) Advantage of Closed Innovation and External Acquisition 1 =» Relative Advantage
Innovation of Open Innovation compared to Closed Innovation | =» Usage of Closed Innovation (CI
reinforcing Usage) 1 = Organizational Learning for CI Usage T =» Efficiency of CI Usage T =
loop Advantage of Closed Innovation and External Acquisition 1

Conclusion
Benefits and costs of closed innovation strategy in Samsung Electronics

First, the global top market share of Samsung smartphones was mainly due to its successful closed
innovation strategy. Second, the leading cause of the Galaxy Note 7 explosion in terms of management
was also that strategy. That is, Samsung Electronics’s internal R & D and technology innovation capacity
accumulation allowed the rapid development of newer and more diverse smartphones than those of other
smartphone manufacturers, the launching of those products in global markets, and the increasing of
Samsung’s market share around the world. However, this fast internal innovation process eventually led
to the Galaxy Note 7 explosion.

Internal impact of the Galaxy Note 7 explosion on Samsung Electronics

Samsung Electronics has successfully grown as a global company in the memory semiconductor,
home appliance, and display fields with its long-term closed innovation strategy; through this strategy, it
was able to become a global smartphone manufacturer with the number one global market share. The
Galaxy Note 7 explosion gives an opportunity to remove the Not-Invented-Here syndrome of the
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company, focusing on the closed innovation strategy (Cirjevskis, 2016; Witt, 2016). This shows that
more and more current employees of Samsung Electronics agree with the necessity and possibility of
applying an open innovation strategy for a short period. However, former employees of the company
who only experienced success in closed innovation maintain their preference for the closed innovation
strategy. Current employees who experienced the explosion look at the necessity and possibility of the
open innovation strategy with high expectations.

Success in open innovation strategy requires much investment and effects

Jeff Bezos, CEO and founder of Amazon, experienced a painful failure in many M&As that he
initially invested in with the capital acquired by going public with his company. His experiences in
failure and accumulation of open innovation capacity became a driving force of open innovation based
technology innovation capacity accumulation and development (Stone, 2013, p. 201). The open
innovation strategy involves high complexity and costs. The largest cost is internal resistance (Yun, Won,
& Park, 2016). In addition to the Not-Invented-Here syndrome, internal resistance against destructive
innovation that is beyond the existing products and services is the largest cost. Samsung Electronics has
been successful in significantly reducing the largest cost generated by the open innovation process of the
smartphone business division caused by the Galaxy Note 7 explosion. Systematically combining the
open innovation strategy with the Samsung smartphone business sector is vital for the future of Samsung
Electronics as well as the smartphone business division. The process of systematically combining open
innovation strategy and a company can be achieved by setting a business model as an important
innovation target (Yun, Won, Jeong, et al., 2016; Yun, Won, Park, Yang, & Zhao, 2017). The
internalization of the open innovation strategy in the Samsung Electronics system, above all, requires the
strong support of the creative entrepreneurial spirit of its CEO (Yun, Park, Kim, & Yang, 2016). Because
of the Galaxy Note 7 battery explosion, whether Samsung Electronics CEO’s active suggestion of the
direction leads to the construction of an open business model platform at Samsung Electronics needs to
be analyzed in the future.

Research limitations and future study

This study intensively analyzed the causes and impact of the smartphone battery explosion of
Samsung Electronics, the company with the largest global market share, and the smartphone unit’s
withdrawal from the market, which was considered a novel case in terms of business strategy. For this,
local and overseas news articles, previous research, and in-depth e-mail interviews with related experts
were utilized.

Through the interviews with the current employees of Samsung Electronics for each section and the
analysis of the internally diverse systems, R & D on the procedures, steps, and system of open innovation
of Samsung Electronics is important for future study.
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Appendix 1

Half-structured questionnaire for in-depth interview about the cause and impact of the Samsung
Galaxy S Note 7 explosion and withdrawal scandal

Purpose of this research

Recently, the Samsung Galaxy S8 was released and is attracting much attention around the world. Given
Samsung’s status, we want to identify the cause and impact of the Galaxy Note 7 explosion in terms of
management.

Use of research results

First, this research result will be presented by Professor JinHyo Joseph Yun, president of SOItmC, during
his keynote speech in SOItmC 2017.

Second, this research result will be reviewed and published as an SOItmC 2017 special issue paper of
JOItmC.

Third, this research result will be used as basic research data for management strategy consulting for
Samsung and similar Korean and overseas companies.

Composition and answers of questions

There are four main items, each of which poses quantitative questions following a five-level Likert scale.
An explanation (qualitative) behind the answers is necessary per item.

Second, an interviewee can answer each question for up to 3 minutes, and this entire questionnaire for
18-20 minutes.

Third, if you can have an in-depth interview individually, please answer the questions in this
questionnaire and accept the in-depth interview request.

Interview

Please indicate to what extent you agree or disagree with each statement.
1) Samsung smartphones achieved the world’s largest market share in a short period.

(1) The achievement was caused by its excellent research and development and its innovation
capacity that has been well accumulated internally. (Excellence of internal resources)

(D Strongly disagree 2 Disagree (3 Neutral @ Agree (5 Strongly agree

<Please describe the cases or evidence.>

(2) The achievement was caused by the acquisition and internalization of globally excellent research
and development performance and innovation capacity. (Use of external resources)
D Strongly disagree (2) Disagree (3 Neutral @ Agree (5 Strongly agree

<Please describe cases or evidence.>

2) Unlike other battery explosion incidents of iPhones and other smartphones, the case of the Galaxy
Note 7 had an enormous impact on Samsung Electronics.
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(1) Samsung Electronics only focused on “internal” research development capacity accumulation and
“internal” innovation capacity accumulation.

(D Strongly disagree (2) Disagree (3 Neutral @ Agree (5 Strongly agree

<Please describe the cases or evidence.>

(2) The incident occurred during the process of “externally” acquiring excellent research and
development performance and innovation capacity.

(D Strongly disagree 2 Disagree 3 Neutral @) Agree (5 Strongly agree

<Please describe the cases or evidence.>

3) We would like to ask you about the impact of the Galaxy Note 7 explosion.

(1) The explosion incident will continuously have a negative impact on the future of the Samsung
smartphone business because the negative image and customer perception of Samsung and its
products have not been removed.

(D Strongly disagree 2 Disagree (3 Neutral @ Agree (5 Strongly agree

<Please describe the cases or evidence.>

(2) The explosion incident will give an opportunity for Samsung Electronics to strengthen the self-
learning and countermeasure capability of its smartphone business and finally develop its business
further.

(D Strongly disagree 2 Disagree (3 Neutral @ Agree (5 Strongly agree
<Please describe the cases or evidence.>

4) We would like to ask you about the future strategy of the Samsung smartphone business.

(1) By continuously accumulating “internal” research and development capacity, Samsung is set to
have the global top innovation capacity and lead the innovation of the global smartphone business.

(D Strongly disagree 2 Disagree (3 Neutral @ Agree (5 Strongly agree

<Please provide concrete suggestions.>

(2) By continuously acquiring innovation capacity actively and “externally,” Samsung is set to
continuously secure the global top innovation capacity.

D Strongly disagree (2) Disagree (3 Neutral @ Agree (5 Strongly agree

<Please provide concrete suggestions.>
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Taking Advantage of Emergence for Complex Innovation Eco-Systems

Our most pressing societal problems such as enhancing health care, developing alternate energy,
revitalizing cities, and advancing the economy are complex innovation eco-systems. Complex innovation
eco-systems are the next frontier in technology and innovation management, and require a transformation
in strategic and institutional management so that managers can muster the staying power to persist and
learn far into the future. I develop a framework to explain how participants can strategize across an
entire eco-system, deal with the profound ambiguity from complexity, and handle the very long cycle
times of complex innovations. Transformed strategic and institutional management combines abductive
learning routines with clock-time and event-time pacing to map a portfolio of value creating
opportunities far into the future. Eco-system participants use learning events, which represent available
knowledge, to hypothesize new value creating opportunities and new kinds of governance structures for
specific collaborations, evaluate these opportunities and governance structures by trying them out to
explore assumptions and surface new possibilities, and reframe them over time.

90



SOItmC & RTU 2017
June 15 (Thur.) - June 18 (Sun.), Riga Technical University (RTU), Riga, Latvia

Taking Advantage of Emergence for Complex Innovation
Eco-Systems

Many of society’s most pressing problems are complex innovation eco-systems. Pharmaceuticals,
health care more generally, alternate energy systems, climate control, education, and myriad social
problems rely on ongoing innovation to continually generate new projects, products, programs, processes,
capabilities, and value creation opportunities that address these critical challenges. These “grand
challenges” (Ferraro et al 2015) represent the next frontier in technology and innovation management,
because they require new theory for managing multiple organizations, agents, and agencies, and new
theory for collaborative learning about the co-evolution of sciences and technologies among vast,
globally dispersed networks of knowledge workers.

Taking advantage of emergence is a central capability around which new theories for complex
innovation eco-systems will build. Innovators in complex eco-systems must take advantage of the
emergence of knowledge about sciences, technologies, user needs, delivery systems and so on for their
new products and programs, because knowledge for innovation does not already exist. Taking advantage
of emergence refers to grabbing the inherently fragmented and noisy information that abounds in
complex eco-systems, configuring information bits into potential solutions for concrete problems, and
using these configurations to learn about what might work, what else seems relevant, and how to reframe
ideas to accumulate more noisy bits of information into better and better solutions.

To take advantage of emergence, new theory must tackle three distinctive challenges: 1) involve the
entire system, not single firms; 2) encompass ambiguities of complexity, which means that the simple
rationality typical of conventional economic-based strategy cannot work (Tsoukas 2005; Grandori 2010);
and 3) incorporate very long term horizons rather than short term clock-time and schedules. I build on
recent research by myself and colleagues to propose one new thrust that tackles these three challenges:
building the strategic and institutional infrastructure to anchor and guide product, process, and program
innovation.

First, to incorporate the entire system, Dougherty (2016) suggests a way to unpack the complexity
without obscuring the inherent interdependencies among activities. Rather than chop complex problems
into separate bits to be worked on separately, complex systems require that four entire problem-setting
and problem-solving cycles of innovation be worked on simultaneously and continuously. These four
problem cycles are: projects — working on the innovation project (which, like curing cancer, are
enormous, global networks); processes — continually integrating diverse emergent sciences to support
projects; strategies — experimenting with value creating opportunities that map far into the future; and
institutions — generating collaborative commons. Second, to encompass ambiguities, Dunne and
Dougherty (2016) develop abductive reasoning to work on all these problems. Third, to address long
term emergence and mustering the requisite staying power to persist and learn despite short term
pressures, Dougherty et al (2013) develop a way to leverage diverse temporal structures (kairos along
with chronos) to leverage emergent knowing and gauge progress over the very long term.

This essay focuses on the strategic and institutional cycles of problem setting and solving. These
cycles are the least well developed, but unless people continually work on these particular problems to
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frame project and process development, innovators in complex eco-systems cannot take advantage of
emergence. and so they cannot innovate very well at all. “Strategic and institutional” managers include
the managers of the many businesses in the innovation system along with those in many other agencies,
public and private, who work on pulling resources together to enhance, commercialize, make better use
of, and rethink opportunities. I also rely on examples from bio-pharmaceuticals to illustrate points, but
hope that those interested in other complex innovation eco-systems can think about applying these ideas
to their domains as well.

Two limits of existing research in technology, science, and innovation management prevent effective
development of theory for complex innovation eco-systems: looking mostly at the firm level, and
assuming away emergence. First, most research concentrates on the firm level, and addresses eco-system
concerns with generic dynamics such as technology trajectories or a presumed flow of knowledge from
science to industry. But complex eco-systems require active, deliberate management of these dynamics
that is focused on specific concrete problems so that new products and processes can continually emerge
and be experimented with, rethought, and revamped over time. We know that all innovations at the firm
level require strategic guidance that defines the goals of innovation, creates long term resource
development to support particular thrusts, and provides a strategic direction to shape and guide day to
day activities (Leonard-Barton 1995). The same logic applies to complex innovation eco-systems, but
now the strategizing must occur across the system in collaboration among many agents and agencies.
Managers not only need to develop and implement long term strategies, they also need to continually
create governance structures of various kinds that enable collaboration.

An example helps to illustrate the strategic and institutional problem setting and solving cycles.
Participants in the biopharmaceutical complex innovation system have already developed a large
repertoire of possible strategies, so there is no shortage of ideas for what managers ought to do. Among
these ideas are: 1) develop new classes of therapeutic compounds and treatment modalities; 2) deliver
therapies via collaborations with hospitals and patient associations; 3) discover drug families that address
diverse genetic make-ups among patients; 4) deploy emerging sciences and technologies such as
diagnostics, or research areas like epigenetics into networks of commercial collaborations; and 5) shift to
open innovation (Christensen et al 2009; Pisano 2006; West and Nightingale 2009; Chesbrough 2003).
A perusal of literatures on other complex innovation eco-systems would reveal a similarly rich repertoire
of possibilities for addressing these various grand challenges. All these possible strategic thrusts listed
above involve collaboration among a variety of agents and agencies, both public and private, so most
new strategies also require ongoing development of governance arrangements so that diverse agents and
agencies can collaborate on innovative strategies, processes, and projects.

However, societies fail to implement these possible strategies, in part, I suggest, because we do not
develop the infrastructure for setting and solving strategic and institutional challenges. Pharmaceutical
companies compete mostly in block-buster strategies, and throw away emerging possibilities in therapies
that might not become major money makers. Bio-medical scientists generate astonishing new ideas in
genomics, gene therapy, systems biology, bio-informatics, proteomics and so on, but they do not develop
how particular ideas interact with other sciences to enable drug discovery — which continues to flounder
(Scannell et al 2012). Educational systems seem to blame teachers for all the failures, and do not
interrogate how well the knowledge system, strategic, and institutional challenges are being addressed to
enhance classroom teaching. Focusing on the healthcare complex innovation eco-system, Nelson says
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(2005: 208):

Today, some of our most difficult problems involve developing the social technologies needed
to make new physical technologies effective. Arguably the lion’s share of the strains in our
health care systems are the result of advances in physical and medicinal technologies that
societies have not yet learned how to manage or pay for.

Nelson’s new social technologies include strategic and institutional problem setting and solving
capabilities to figure out how to manage and pay for all the advances in physical and medicinal
technologies. More importantly, it would take these two capabilities to figure out how to configure all of
these advances into viable new products, programs, and strategies that actually improve health
(Dougherty 2016). Participants in these complex innovation eco-systems must allow the needed
knowledge to emerge and evolve more fully, muster the staying power to persist and learn so they can
take advantage of emergence, and build interdependent product and program configurations from all
these one off inventions, so that they can actually innovate, not simply invent.

The second limit in the literature now is the tendency to ignore emergence over the long term, and
focus instead on sudden revolutions. Many scholars suggest that a biotechnology revolution will sweep
away existing medicinal sciences and replace them with new abilities — no need for ongoing problem
setting and solving for strategic and institutional challenges. However, Pisano (2006), Hopkins et al
(2007), and Gittelman (2015) argue that a biotechnology revolution is a myth, because the knowledge
needed for innovation has already taken, and will continue to take, decades to emerge. This emergence
depends on a co-evolutionary process in which changes in sciences, technologies, industries, clinical care,
and regulations will mutually constitute one another (Nightingale 2004). This long time horizon subjects
new technologies to large and increasing development costs, not to swift revolutions. Similarly,
knowledge intensive endeavors in health, education, or environmental issues embody broad, diffuse
objectives rather than clear ends with defined means for achieving them. According to Ansell (2011),
these diffuse objectives become ongoing processes of working on them, or possibilities toward which
problem solving processes tend.

The essay explains how strategic and institutional managers can shape and guide the complex
innovation process productively by: 1) engaging in abductive learning routines to work through
institutional strategic problems, and 2) balancing different temporal structures (kairos as well as chronos)
to muster the staying power to persist and learn over the long term. I first draw on the history of
industrial management and innovation to explain why transformation in managing strategic and
institutional problem setting and solving for complex eco-systems is necessary in the early 21% century.
Next, I explain how abductive reasoning and multiple temporal structures address these new challenges.
Finally, I describe how participants can develop portfolios of value creating opportunities that map far
into the future, and establish institutional collaborative commons in order to develop, experiment with,
and implement these strategic opportunities.

Transforming Institutional and Strategic Management to Take Advantage of Emergence

The first transformation in strategic and institutional management in modern society took place during
the 19" century, when enterprise management shifted from small, sole proprietorships to large
organizations around new technologies. In his historical analysis of the rise of industrial society,
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Chandler (1977) argues that organization and strategy are as important in building economic growth as
are investments in R&D. Technological innovation and organizational innovation are interdependent,
because new forms of business organization and institutional arrangements are invented to solve specific
economic problems (Pisano 2010). For example, technical advances in steam power, steel making, or
mechanical engineering may have made railroads and mass production technically feasible, but a host of
novel organizational and institutional arrangements made these technical advances economically feasible.
These novel arrangements include administrative hierarchies, professional managers, university
programs to train those managers and engineers, formalized capital budgeting systems, accounting and
control systems, and corporate governance structures that separate ownership and management.
Chandler had this to say about railroads (1977:120, quoted in Pisano 2010):
No other business enterprise up to that time had had to govern a large number of men and
offices scattered over wide geographical areas. Management of such enterprises had to have
many salaried managers and had to be organized into functional departments and had to have a
continuing flow of internal information if it was to operate at all.

Other capital intensive businesses evolved in a similar way (Nelson 20005). According to Pisano
(2010:467): “After reading Chandler, it is hard to think about technological innovation as anything but
tightly intertwined with organizational and institutional innovation.” A variety of governance structures
emerged as well to orchestrate the co-evolution of new sciences and technologies, even though it is often
assumed that the “free market” does all the institutional work (Nelson 2005). Emerging technologies like
railroads, telephones, and electrical power required considerable government investment and
involvement, along with “new” innovations such as public monopolies or eminent domain. But the
centrality of strategic and institutional work for innovation tends to get pushed into the background.

If we fast forward to the 1970s, we see that 19" century innovations in institutional and strategic
management could not deal with new technologies and diverse markets and opportunities. These old
innovations focused on economies of scale, and on optimizing existing functioning based on separating
steps in the production process, top-down control mechanisms that assume defined means to reach
clearly defined ends, and clock-time approaches to gauge progress (e.g., time and motion studies,
quarterly reports, yearly plans). These approaches could not allow for continuous product and process
innovation. The locus of innovation in many industries moved from the US and Europe to Asia where
new businesses emerged to accommodate new technologies of scope and divergent opportunities (Hayes
and Abernathy 1980; Clark and Fujimoto 1991).

During the 1970s and 80s, a second transformation in strategic and institutional management ensued to
address continuous innovation in products, processes, and business models (Schon 1967; Souder 1985).
Regarding strategy, managers and scholars of innovation realized that product and process innovation
cannot occur without an effective innovation strategy to develop long term capabilities in technology,
marketing, and manufacturing (Day 1990; Roussel et al 1991; Cooper 1998), guide particular innovation
efforts so they could draw on these resources, and leverage businesses into emerging markets. Strategic
managers could not focus only on optimizing the current functioning of the enterprise. Technologies and
markets emerge and evolve, so value creating activities must also continually transform qualitatively.
Regarding institutions, monopolies no longer worked and were broken up. They were replaced with
more flexible alliances, government sponsored development efforts (e.g., SEMETEC), technology
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platform business models (Microsoft WINTEL, airframe manufacturers), standard setting bodies, and
other collaborative governance structures.

But as surveys by the Product Development Management Association show (Markham and Lee 2013),
more than 90% of the product innovations are incremental. The strategic transformation from the 1980s
relied primarily on leveraging existing knowledge, on leveraging architectures for streams of products,
and on developing methods for innovation processes that proceeded sequentially through predefined
stages, from clear product concepts to market launch. With notable exceptions (e.g., Van de Ven et al
1999), many writers emphasized how to rethink managing and organizing to generate continuous streams
of incremental new products (Cooper 1998; Beckman et al 1994). But even incremental innovations
required transformation from vertical to horizontal organizing based on multi-functional teams, and from
staying the course to enabling new possibilities. Many studies detailed the trials and tribulations of
organizations that tried to transform even for incremental innovations (Tushman and O’Reilly 1997), and
the significant changes in management that being even incrementally innovative required (Van de Ven
1986; Garud et al 2011; Jelinek and Schoonhoven 1990; Danneels 2008).

Another major transformation in strategic and institutional management processes for innovation is
required now to deal with the ambiguities and long term horizons of complex innovation eco-systems.
Waves of technological revolutions in digitalization, electronics, communications systems, and other
domains generate complex shifts in technology capabilities and market applications. The current
explosion in biomedical sciences and other fields generates many very new possibilities for better
resolutions of social and economic challenges in health, climate management, economic revitalization
and other pressing social needs. Pisano (2010:480) argues that new organizational forms and
institutional arrangements are necessary again for science based businesses like pharmaceuticals:

Like the railroads and large scale manufacturing enterprises of 100 years ago, science-based
businesses will be a potent source of economic growth in the 21* century. And now, as then,
these new businesses will demand new organizational forms and new institutional arrangements.
In short, we are once again confronted by a serious need to invent new organizational forms and
institutional arrangements to deal with a new set of economic problems.

Existing strategic and institutional approaches remain short term oriented and rigid, which preclude
taking advantage of emergence. Scholars have already discussed the very new kinds of strategic and
institutional processes that are needed. Stacey (1995) argues that managers need to shape and guide the
complex innovation process and negotiate their direction in real time by focusing on process rather than
content. According to Anderson (1999), managers cannot impose controls a priori, because complex
systems react to direction in unpredictable ways. Anderson suggests that managers instead establish and
modify the direction and boundaries within which innovations emerge by setting constraints on local
actions, observing intermediary outcomes, and tuning the process by altering the constraints. And as
already noted, Ansell (2011) points out that complex problems involve diffuse objectives that become
ongoing processes of working on them, or possibilities toward which problem solving processes tend. In
the next section, I suggest how managers can enact these new ways of eco-system managing by
addressing the specific challenges of ambiguity and long term development.
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Abductive Reasoning and Multiple Temporal Structures
Abductive Learning Routines to Take Advantage of Emergence in Complex Eco-Systems

Considerable research addresses complexity so its challenges are somewhat familiar (Tsoukas 2005;
Plowman et al 2007; Garud et al 2011). Complexity means that relations between cause and effect are
unknown and must be discovered. Innovators of complex products must figure out what the elements of
the product or strategy will be because there are no architectures for complex innovations. Innovators
must also figure out how various elements interact to generate the desired functionality, because
unknown interdependencies among elements produce unpredictable and potentially disastrous
consequences.

Complexity requires a discovery style of reasoning in which people try to understand what seems to be
going on, rather than confirm pre-existing expectations. Nightingale (2004) summarizes literature in
science and technology that indicates that scientists working at the frontiers of knowledge do not just
confirm hypotheses, because existing knowledge is too weak to point sharply to a solution, and because
experiments will mostly fail. Instead, scientists tinker with experimental conditions by actively
intervening to create something to learn from, and use that knowledge to move limited to build up
understandings, inform judgments, and create patterns to learn from (Pavitt 1999). Schon (1983)
describes the process of problem setting in complex settings, where professional practitioners identify the
“things” of a situation by reflecting in practice to uncover surprises, criticize their initial understandings,
and impose a frame on the situation. Orr (1996), Mayr (2000), Denrell et al (2004), Grinnell (2009), and
Van de Ven (2007) among many others describe similar processes of reasoning used by scientists,
management scholars, technicians, computer experts, and other knowledge professionals.

Management scholars propose abduction as the style of reasoning that enables the discovery style
(Weick 2005; Grandori 2010; Van de Ven 2015). Abduction is the deliberate reasoning that leads to
scientific discoveries (Nesher 2001). According to Peirce, abduction is the best answer we have to
problems of discovery, since abduction alone among the forms of reasoning originates possible
explanations and introduces new ideas. Weick (2005) describes the abductive process as “clues giving
rise to speculations, conjectures, and assessments of plausibility rather than a search among known rules
to see which ones might best fit the facts.” Simon (1977) also discusses the abductive process of
discovering laws in raw data based on pattern recognition and abduction of hypotheses on laws that may
regulate observed patterns.

Abduction “is the process of reasoning in which explanatory hypotheses are formed and evaluated”
(Magnani 2001:18). Dunne and Dougherty’s (2016) research on drug discovery scientists extends this
definition to encompass formulating, evaluating, and reframing hypotheses in continual cycles of
research. I extend their work to explain the process of reasoning that underlies the strategic and
institutional management of complex innovation systems.

Cycling through three abductive learning routines enables institutional and strategic managers to focus
on process rather than content (Stacey 1995), and continually establish and modify the direction and
boundaries within which innovations emerge (Anderson 1999). The first abductive learning routine is
using clues to imagine a configuration of interdependencies among strategic or institutional elements that
might constitute a viable strategic value creating opportunity or governance structure. There are no
architectures for radical products, strategies, or institutional arrangements, so researchers begin by
imagining possible architectures. Not any hypothesis will do for complex challenges, because
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hypotheses about one cause leading to one effect will not work. Dunne and Dougherty (2016) explain
how drug discovery scientists imagine a configuration of interactions among molecular compounds, the
disease in question, and the rest of human biology. They construct a coherent story about how a
chemical compound will behave in the body against the disease. In the same manner, I suggest that
strategic and institutional managers construct a story about how a way to collaborate or a way to create
value will develop over time.

Each element of hypothesizing captures emergent and noisy information. For value creating
opportunities in bio-pharmaceuticals, the content of the strategic hypothesis is a configuration of possible
interdependencies among knowledge elements that would constitute a value creating opportunity such as
alternate delivery processes or new variations on an established drug that meets different genetic make-
ups. The content of the institutional hypothesis would be a configuration among relational elements and
rules (e.g., types of leadership, rules for IP) that would comprise the governance system among
participating agents and agencies or a particular set of value creating opportunities. Managers figure out
the relevant parts of their strategic or institutional possibility, and more importantly, how these parts
work together and depend on each other. Centering on the interdependencies rather than only on the
parts highlights the major source of uncertainty in complex systems, where failures often arise because of
unexpected interactions (Scannell et al 2012). By focusing on a reasonable set of interdependencies
among parts, managers attend to the possible strategy or program in action as it functions in the real
world. The hypothesis reflects how elements mutually generate the desired outcomes.

Using clues grabs information, too, because clues convert existing information into directions that lead
out of perplexity, as the dictionary definition suggests. According to Weick (2005), clues point to a
world in which they are meaningful, and so give rise to speculations, conjectures, and assessments of
plausibility rather than focus attention on a search among known rules to see which ones might best fit
the facts. In complex innovation eco-systems, innovators do not have clear knowledge, but they do have
clues. Clues capture knowledge resources that are available to managers for leveraging strategically.
Managers use clues project and process learning to imagine configurations of interdependencies among
strategic resources that might produce a viable new process, business model, collaborative network, and
so on. Scientific conceptualizations and findings are clues, not answers, clues to possible configurations
of interdependencies that may work in the real world.

Imagination also grabs noisy information. Weick (2005) emphasizes imagination, which "conceives a
whole design almost at once, which it then fills out and gives body to by particular association.... The
mind thinks simultaneously of specific parts and of their one organizing principle" (Engell 1981, 82-83).
Imagination is “... the ability to conceive of something, seen only fragmentarily or superficially, as a
complete, perfected and integral whole” (Merriam Webster’s dictionary 1984, 415). “Imagination is the
power to present in concrete, particular forms and expressions what before had been only general and
abstract knowledge, hazy feeling, or impression” (Engell 1981:101).

The second abductive learning routine evaluates imagined configurations of interdependencies
among knowledge resources or relational elements. Evaluation assesses whether or not and how the
predicted relationships between the resources and potential opportunities work, and what else can the
system do better. The hypothesis imagines the configuration working in the context of action, and the
evaluation process further contextualizes and situates the possible new strategic opportunity. Looking at
the configuration in action assesses the nature of the mechanisms that animate the possibilities.
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Evaluating enables managers to use the hypothesized configuration to sift through all the noisy
information as they open up around possibilities to explore them, and then narrow down to situated
aspects of interdependencies. Evaluating burrows into the mechanisms to explore how and why the
configuration might work, what else may be going on, and what are the limits and contingencies.
Evaluation questions can include can we learn more about this configuration in the real world; what else
needs to be involved; and how much some interdependencies matter or not; how far out can we see in
the emerging possibilities; can we surface new consequences? In keeping with the discovery styles of
research, researchers need to collectively implement ideas and experiment with them to see whether and
how they work.

The third abductive learning routine cycles back to the imagined configurations by refining or
reframing the hypothesized interdependencies that are involved. Participants in the strategic or
institutional problem setting and solving cycles critically examine assumptions, deliberate over different
perspectives, and bridge possible differences into new shared directions (Ansell 2011). Inquiry is based
on the clash of different perspectives and communication for probing, adjudicating, and bridging these
differences. Different people see different aspects of the product possibility and how it might function in
the application setting. Iteratively integrating helps to overcome competency traps, push ideas, cross
check possibilities, and generate a joint representation. Managers might refine and replace milestones,
and develop new performance objectives that reflect new alternatives and consequences learned from
evaluation (Grandori 2010). By reframing, managers holistically assess what they know so far and what
they have learned. Reframing cycles back with a new hypothesis for the configuration of
interdependencies, to be evaluated and reframed again.

Strategically Managing Time with Learning Events and Event-time Pacing

In addition to complexity, the product cycle time for complex innovations is extremely long, averaging
more than 8 years for radical products in established firms (Liefer et al 2000), and thirteen years in
pharmaceuticals (Collins 2011). Some problems never go away. Managers must muster the staying
power to persist and learn so they can allow the complex processes of discovery and learning to emerge
(Lynn et al 1996). Researchers have developed time pacing (Gersick 1994; Brown and Eisenhardt 1998)
as a primary mechanism for coordinating activities around specific innovations, by regulating the
intensity and direction of people’s attention and efforts. However, for Gersick (1994) and Brown and
Eisenhardt (1998), among other scholars, “time” refers only to clock-time. The passage of clock-time
triggers change: a business launches new products every 6 months without regard for competitive actions,
enters new markets every 3" quarter and not when an opportunity appears, and starts product platforms
every 24 months.

Despite its benefits for short term innovations like software products, clock-time makes near future
deadlines most salient (Clark 1985), and shifts attention to exploitation, which undermines exploratory
learning (Orlikowski and Yates 2002). Industrial society as developed in the 19" and 20™ centuries has
relied heavily on the social technology of clock-time with the invention of, for example, standard time,
railroad schedules, and time and motion studies (Clark 1985). According to Mumford (1936, quoted in
Clark 1985: 36), the clock is the most powerful metaphor in the western world, and has been more
influential in the development of capitalism than the steam engine.

Time is more than what a clock counts. Time, according to Clark (1985:36), “...is a socially
constructed, organizing device by which one set, or trajectory of events is used as a point of reference for
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understanding, anticipating, and attempting to control other sets of events.” People can develop longer
time horizons if they combine diverse temporal structures to guide, orient, and coordinate their ongoing
activities (Bluedorn 2002). Temporal structures are ““...expressed in terms of clocks or events, and are
created and used by people to give rthythm and form to their everyday work practices” (Orlikowski and
Yates 2002:685). Plural temporal structures enable people to understand, anticipate, and attempt to
control a wider variety of events. The literature on time and organizing captures these diverse temporal
structures in two broad categories: chronos or clock time (the serial time of succession measured by the
chronometer) and kairos or event time (the subjective living time of invention or people’s sense that the
time is right) (Garud et al 2011; Orlikowski and Yates 2002).

In an analysis of the tensions between strategic managers and discovery scientists in pharmaceuticals,
Dougherty et al (2013) find that managers rely on short term clock-time pacing, while scientists pace
their work by anticipated but unpredictable learning events. Both clock-time and event-time pacing are
temporal — about time — because both mark durations and map out future trajectories by indicating when
activities start or stop. Clock-time pacing marks beginnings and ends of activities with clocks and
calendars, while event-time pacing marks beginnings and ends of activities with learning events that can
be anticipated but when those events might occur is unpredictable.

Learning events capture emerging understandings in innovation, and reflect current and anticipated
knowledge resources. Learning events emerge endogenously when innovators learn enough about the
possibility they are working on to indicate the next thrust of their innovation work. Learning events are
moments of closure in the exploratory searching that capture enough of the whole configuration of
interdependencies to enable people to see what they know so far and to identify plausible next thrusts in
their innovation work. These moments of closure redirect the work toward the ultimate goal of
developing a good strategic path or a good value creating opportunity. In complex systems, learning
events capture the most central resources: what we know so far and think we will learn. By highlighting
event-time pacing, people’s energy and attention focus on substantive learning, not only on the passage
of clock time.

Dougherty et al (2013) suggest that strategic managers in pharmaceuticals can use clock-time pacing
in tandem with event-time pacing to map out drug discovery possibilities farther into the future and
accommodate the very long product cycle times. FEach kind of time pacing identifies different
trajectories of events and experiences. If they are used together rather than treated as conflicting
practices to choose between, they can map out more of the future by encompassing more alternatives to
be explored. Learning events from event-time pacing also enable people to align clock-time with event-
time pacing, because learning events reflect both the chronos and the kairos of drug discovery and
development. A learning event reflects the time it has taken to achieve it (chronos), and the subjective
sense that an innovation is emerging (kairos).

Event-time pacing directs attention and effort to cycling through the abductive learning routines,
which leaves clock-time pacing for directing attention and effort to the efficient use of resources for that
cycling. Clock-time pacing coordinates ongoing process improvements that will more productively and
efficiently support learning in projects and knowledge integrating efforts. Managers and innovators can
also use clock-time pacing to gauge progress by measuring how efficiently people learn to apply new
insights, develop supporting infrastructures for particular value creating models, examine which
activities can be done more efficiently to surface interdependencies, identify barriers to learning that can
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be overcome, and react to results of their experiments.

Taking Advantage of Emergence to Continually Set and Solve Strategic and Institutional Problems
in Complex Innovation Eco-Systems

In this section, I describe how strategic and institutional managers can work on these problems over
time. The institutional innovations in governance structures enable the development, evaluation, and
reframing over time of value creating opportunities that map out directions for project (new drug
therapies) and knowledge process (new integrations of sciences and technologies to support discovery)
innovations.

Strategically Managing Value Creation to Anticipate Deeper Futures

Strategic managers need to work collaboratively across the eco-system to leverage all the resources
embedded in learning events that are generated by the product, process, and strategic problem setting and
solving cycles. The simple question for strategizing in complex eco-systems is how can we generate
value creating opportunities to shape and guide complex innovation projects and processes that emerge
over very long periods? I suggest a diverse portfolio of value creating possibilities that direct emerging
innovations into actual commercial or publicly valuable applications. The portfolio overall emerges and
changes over time as it maps out opportunities in various time periods, and informs the entire eco-system
about possibilities. The portfolio affords a deeper look in time because various possibilities work as
stepping stones into the future. Strategic thinkers imagine where they can go with what the system is
learning, and they shape and redirect that learning with ongoing ideas of value creation. They implement
imagined configurations of learning events to see how they might work, to consider what else seems to
be going on, and to surface new possibilities. Different groups of agents and agencies would collaborate
over different sets of value creating opportunities, but the entire eco-system can generate a portfolio of
possibilities.

Formulating Hypotheses by Imagining Configurations of Interdependencies: Strategic managers would
consider what certain learning events that arise in innovation efforts (including developing strategies)
suggest for a future value creating possibility, and consider how these learning resources could work
together to create a viable configuration. Going forward in time, managers would hypothesize how the
configuration they imagine will emerge based on current and anticipated learning events, what
interdependencies might be involved, and to acquire and deploy those resources. I am describing basic
business planning, except that this planning reaches out over time, anticipates emergent changes based on
learning, and emerges continually. Imagining a configuration of interdependencies among knowledge
resources from learning events includes identifying certain assumptions about what would make
configurations a good opportunity, what are people going to learn for value creation by developing the
configuration, and how will it help muster the staying power to persist and learn. Different values might
include opening a new niche in the market and/or in therapeutics, generating some protection from
competition, and providing a long term foothold.

A good exercise to learn about the cycle of abductive learning routines would be to interrogate current
business models such as shutting down internal R&D and outsourcing the work, or focusing on block-
buster drugs. For example, what configuration of interdependencies among what knowledge resources
generates value how by outsourcing R&D? What learning events are this strategy based on, and what are
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the underlying assumptions to be evaluated and reframed? What learning events give credence to the
block-buster business model?

Other examples of possible value creating opportunities for pharmaceuticals include Christensen et
al’s (2009) suggestion that small firms can flourish with diagnostics that identify the specific customer
base for particular drugs, and serve small markets and unserved customers. Rather than trumpet
breakthroughs in biotechnology, with abductive reasoning one explores what a breakthrough depends on
to be useful to innovation, or to effect in some way an important outcome. For example, what does this
breakthrough technology depend on to help define a new business opportunity, and bring it into existence?
And consider the Bill and Melinda Gates Foundation’s work on developing malaria vaccines and other
ways to address this debilitating disease in impoverished societies. Their mapping would consider a few
different configurations of resources (including not just drug discovery but also marketing and
distribution to areas that are difficult to reach), and then hypothesize what each would achieve and how,
and what learning events are needed to gauge progress.

Another type of pharmaceutical value creating opportunity is figuring out what works well and what
does not. Scannell et al (2012) point out that most of the R&D costs are in failures, so they recommend
that firms develop a chief dead drug officer to investigate the failures. These failures are learning events.
People in this role across the eco-system would set out the major factors responsible for the progressive
decline in R&D productivity, and compare different therapeutic areas to explain the differences between
them in productivity. Chief dead drug officers can explore the extent to which factors are tractable, such
as where the molecular reductionism of rational drug design or the brute force screening of high
throughput systems become distractions, and where do they help. Chief dead drug officers can measure
the veracity of previous diagnostic forecasting exercises, and examine which clinical test requirements
are most costly and least valuable.

Evaluating the Configuration of Interdependencies by Elaborating and Narrowing: These ideas are
hypothesized configurations of interdependencies among learning events that might constitute a value
creating opportunity that is to be empirically evaluated and reframed. Instead of assuming that
outsourcing R&D to universities and biotech firms will automatically work, for example, strategic
managers would implement this idea in a particular way (e.g., with a certain university or type of
collaboration), and experiment with the hypothesized configurations to generate evaluative knowledge.
By elaborating and narrowing around the interdependencies in the configurations, managers and
innovators explore the actual interactions to see how and why their hypothesized configuration actually
works. They elaborate out around a subset of interdependencies among resources to consider if these
interdependencies are central or not, how and why, and what else they can learn. They narrow in on
interdependencies that seem stable and useful, and then elaborate out again to see other possibilities.
Elaborating and narrowing balances new knowledge with existing insights. For example, managers
might narrow in on particular kinds of university collaborations, and elaborate out around how fully and
usefully knowledge transfers as assumed, and if not why not. The goal is to evaluate if this configuration
of resources can create value based on why managers thought it would, and to explore underlying
assumptions in order to learn.

Evaluating hypothesized value creating opportunities combines clock time and event-time pacing. The
goal is to make better judgments, not simply better decisions, about why and how this is a good business
opportunity. Clock-time pacing questions include: 1) how long does it take us to figure out that we are at
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a good or bad point; 2) how quickly can we evaluate learning events; 3) how quickly do others provide
input to our analyses; 4) how quickly do we identify alternatives and choose among them to take next
steps. Event-time pacing evaluative inquiries include: 1) we think we are here, is here good enough for
a possible value opportunity; 2) are we able to handle a larger variety of configurations; 3) how much are
we willing to pay to explore potential, and 4) are the learning events that emerge getting better and better?
Both temporal structures can address strategic issues such as does this opportunity open a new niche,
protect us from competition, extend our existing franchise adequately, give us a long term foothold, and
allow us to know more about the opportunity as we also generate revenues.

Tests of confirmation are part of evaluating the imagined configuration of interdependencies, but they
do not stand alone. Strategic managers need to go beyond confirmation to develop insights into why and
how a particular element affects the configuration, and what else may be involved. Since the goal is
learning, managers go beyond does the configuration work or not, and consider how and why it works.

Reframing the Imagined Configuration of Interdependencies by Iteratively Integrating: The third
strategic abductive learning routine cycles back to the imagined configurations by refining or reframing
the interdependencies among knowledge resources that are involved. Participants in the strategic
problem setting and solving process critically examine assumptions, deliberate over different
perspectives, and bridge possible differences into new shared directions (Ansell 2011). Strategic
managers might refine and replace milestones, and develop new performance objectives that reflect new
alternatives and consequences learned from evaluation (Grandori 2010). Strategic managers would also
rethink how clock-time and event-time pacing combine, and how well the combinations create a rich set
of reference points that people can use to anticipate more possibilities further into the future. Reframing
might revise the future trajectories of anticipated activities that need to be accomplished, and coordinate
attention and effort to carry out those activities. Event-time pacing structures the inherently exploratory
searching and helps to constrain the short term nature of clock-time by keeping the future open to
emergent possibilities. Clock-time pacing helps to constrain the potentially expansive searching, and
marshals the development of resources that can be clocked. Strategic managers in the innovation eco-
system identify new future trajectories and eliminate others based on emergent learning.

Institutional Innovating to Generate Collaborative Commons

The strategic management problem setting and solving cycles cannot take advantage of emergence
unless the eco-system also generates new governance structures that will enable the collaborations
among disparate entities that must take place. As already noted, the emergence of new sciences and
technologies into viable innovations has always depended on governance structures for collaboration,
along with government and private support. However, complex innovation eco-systems require
continuous innovation in governance structures, since the kinds of enterprises that require collaboration
will continuously emerge and evolve. As Ansell (2011) explains, the objective of many of these
collaborative problem setting and solving cycles will be to build up problem solving capabilities and to
engage in ongoing problem solving efforts. Participants working on a particular category of strategies
(e.g., using genomics, or developing different clinical trials) would identify, develop, and manage over
time their particular configuration of rules and relations.

A simple question for institutional innovating I complex eco-systems is how can we work together
effectively over time to plan, experiment with, learn from, and revamp value creating opportunities, ways
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to integrate sciences and technologies to support actual innovation work, and/or specific therapeutic
innovations? The institutional challenge is to develop a configuration of interdependencies among rules
and relations that form the particular governance structure. I suggest that participants build on the non-
market structures that already exist to include many organizations and agencies around diffuse objectives.
These existing systems provide models for different kinds of governing structures that enable collective,
long term co-evolution of sciences and technologies for innovation. These systems include open
innovation (Chesbrough 2003), regional clusters (Gilbert 2012), network innovations (lansiti and Levien
2004), industry platform systems (Gawer and Cusumano 2002), and the more general ideas about
technology trajectories that build on the efforts of many different organizations and innovators (Dosi
1982; Floricel and Dougherty 2007).

For example, “open innovation” emphasizes the idea that knowledge is widely dispersed and that some
innovations require multiple actors (Chesbrough 2003). Research demonstrates that open innovation
requires participating firms to develop strategies for the long term, build capabilities for absorptive
capacity (i.e., abilities to spot, bring in, and use emerging ideas), and build up abilities for long term
partnering (Di Minin et al 2010). There is no simple “outsourcing.” Regional clusters that foster
technological innovation depend on diverse sources of knowledge, government policies that foster new
technologies rather than allow incumbent firms to dominate, and rich networks of relationships that
enable the exchange of tacit knowledge (see summary by Gilbert 2012). Organizations willingly
participate because they can tap into supplier networks or access customers. These clusters demonstrate
that for complex innovation eco-systems, multiple organizations can co-create a context of mutual
learning that enables participants to muster the staying power to persist and learn.

Firms that compete also collaborate over standards setting, because standards, for example in
communications systems, enable all firms to keep innovating (Piepenbrink 2015).  Participants in
standards setting bodies follow rules for IP and appropriation, for responsibilities for reciprocity, and for
how changes in standards are continually orchestrated. Network and industry platform systems
(Nambisan and Sawhey 2011) depend on the active leadership of large firms that continually upgrade the
core technology or architecture, enable ongoing negotiations among participants for IP, and provide
market access. In return, the large firms receive continual innovation in components and other network
externalities that keep their core technology valuable. Ansell (2011) summarizes studies in the public
domain among collaborating agencies around improved policing that depend on a rule of accountable
autonomy.

These existing governance structures suggest a variety of rules and relational elements for
collaboration that institutional managers can select from and work into configurations of
interdependencies that they can hypothesize, evaluate, and reframe over time. These institutional
elements include: 1) a problem solving focus: centering on what people need to collaborate over such
jointly as developing a kind of drug therapy (e.g., immune therapy for particular cancers; combining
drugs to form “cocktails,” or trying out a new business model); 2) heterarchical organizing that enables
participation and inclusion with various levels working on different aspects of the problem; 3) leadership
by individuals and by large firms or coalitions of firms; 4) self-organizing, where organizations
participate voluntarily because they gain value from that participation; 5) co-dependence among
participants to reinforce active participation; 6) protected niches for value creation that includes end-to-
end with customers, perhaps with disease foundations, clinical research groups; 7) intellectual property
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protection and development; and 8) articulation of basic rules for partnering and accountability.

Institutional managers in the drug discovery eco-system (and for any other complex innovation
problem) can begin by developing collaborative commons around specific pressing problems such as
clinical trials for diverse therapies or advancing immunotherapy. Experiments with these and similar
problems are already on-going (albeit in localized or one-off modes), and should provide considerable
insight for formulating, evaluating, and reframing hypotheses about governance structures that enable
ongoing collaboration around specific concrete problems. The difference for complex eco-systems would
be that these emerging governance structures would continually be developed, experimented with, and
revised based on progress with actual problems. People would not simply hold a big meeting and then go
on about their separate work.

As Dougherty (2016) details, cycling through the abductive learning routines for institutional problem
setting and solving begins with imagining a configuration of interdependencies among relational
elements and rules that can produce the specific kind of collaboration needed to address a certain
problem. For example, if the problem is developing improved models for the early evaluation of drug
possibilities, participants would include large firms, research hospitals, regulators, and small firms.
Leaders need to be appointed, perhaps a coalition with clear rules for IP, participation, and task forces to
oversee particular processes. Evaluating digs into the hypothesized interdependencies to examine
assumptions and figure out what works and not, and why and how. Over time, experiments generate
insights into how to develop and deploy metrics about how well the collaboration is doing, update and
revise the problem, arrive at joint decisions and agreements, and foster ongoing participation. Some
collaborative commons will be relatively short-lived, while others may continue for years.

Discussion

Taking advantage of the emergence of knowledge is central to developing the knowledge innovators
need to work on important social and economic grand challenges. Complex innovation eco-systems need
to take advantage of emergence to craft viable innovations in products, programs, or processes that tackle
aspects of these grand challenges. The entire eco-system of different agents and agencies participates
actively and collaboratively on innovation, because the requisite knowledge and skills are partial,
fragmented, and widely dispersed. All this knowledge for innovation does not exist a priori: it will
emerge unexpectedly and unpredictably as innovators engage in hands-on experiments with concrete
problems. Dougherty (2016) details four integral cycles of innovation problem setting and solving in
complex eco-systems and argues that each one must be addressed on its own merits, yet interactively
with all of the other problems.

This essay argues that unless the strategic and institutional problem setting and solving cycles unfold
productively and interactively with the project and process cycles, innovation cannot occur. The reason:
the innovative problems and solutions unfold over many years, eco-system participants cannot muster the
staying power to persist and learn for innovation over many, many years without strategies. Strategies
for innovation integrate learning, direct activities, and shape ongoing knowledge co-evolution.
Strategizing in complex innovation eco-systems requires a portfolio of future possibilities that maps out
in various time periods potential value creating opportunities, because the knowledge needed for
innovation emerges unpredictably and over a very long time. Imagine looking out 15-20 years and
seeing a variety of possible value creating opportunities emerging, depending on various anticipated
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learning events. The imagined portfolio represents the competitive or strategic landscape out in time.
Different firms and agencies would imagine the overall portfolio of possible opportunities out in time,
but from their own perspective. The portfolio affords a deeper look in time because various possibilities
work as stepping stones into the future.

However, for complex innovation, strategy making occurs across the eco-system, and involves
multiple, qualitatively different kinds of value creating opportunities that are collaboratively produced by
multiple, different kinds of agents. Institutional innovation to generate governance structures for
collaboration among the specific participants is also essential.

Abductive learning routines enables innovators across the eco-system to configure available
knowledge resources into potential applications for emerging project and process innovations, evaluate
those possibilities by exploring their implications and seeing what actually emerges, and reframe them
over time. Abductive learning builds on both clock-time pacing and event-time pacing to allow
innovators in all four cycles to muster the staying power to persist and learn. Persisting does not mean
sticking to a course of action mindlessly. Rather, persisting means continually probing the forward
development of a new product, new way to enable innovation, or value creating opportunity and learning
about how to improve or redirect their emergence, including choosing to stop developing this opportunity.
Cycling through abductive learning routines takes advantage of emergence when innovators imagine
where they can go with what the system is learning, and they shape and redirect that learning with
ongoing ideas of value creation. They implement imagined configurations of learning events to see how
they might work, to consider what else seems to be going on, and to surface new possibilities.

Three research thrusts will enable the development and integration of the strategic and institutional
cycles of problem setting and solving. One thrust is to examine how to strategize across multiple players.
Technology and innovation management researchers have developed considerable insight into systems of
innovation (e.g., clusters, industry platforms, network innovators), and can start to apply these ideas to
complex innovation. It seems likely that complex innovation eco-systems need to focus on concrete
problems so that participants can tinker with possibilities and alternatives. Ansell (2011) explains that in
pragmatism, which relates to abductive reasoning, meaning depends on hands-on experiments that
confront concrete problems. He argues that problems disrupt existing assumptions, call for fresh
discovery, and pin disputes about principles down to particulars. Research can explore how concrete
problem solving works in complex eco-systems, and what other kinds of relational elements are needed
to keep participants engaged for the long term.

The second thrust of research is to delve into abduction. Many scholars already discuss abduction
(e.g., Weick, Garud, Grandori). However, few studies provide in-depth empirical analyses of how
innovators and managers actually can using this form of reasoning, so more research into the day-to-day
innovation practices in complex innovation eco-systems is needed.

The third research thrust is to develop time. Participants in complex innovation eco-systems need to
direct activities and gauge progress in a way that encompasses the very long term, because co-
evolutionary emergence take lots of time. The dominant approach to time management now relies on the
inherently short-term methods of clocks and calendars. Clock-time is reinforced by institutional pressures
for quarterly reporting and annual planning. Research can explore how different kinds of time pacing
identify different trajectories of events and experiences, and how multiple temporal structures can map
out more of the future by encompassing more alternatives to be explored.
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One way to develop event-time pacing would be to study how strategic managers can use event
metrics to gauge progress and assess performance that derive from event-time pacing. Innovators and
managers can gauge their progress by examining how useful are the configurations they are imagining, if
they are deepening their understanding well enough to tackle the new problems that emerge as they
develop their new strategy and if not why not, and question how promising are the alternatives and
consequences suggested by the imagined configuration. Managers can also clock-time how long it takes
to determine if learning events have occurred, how quickly people recognize emerging perturbations and
evaluate learning events, how quickly others provide input to the evaluating and reframing, and how
quickly innovators identify alternatives and choose among them to take next steps. Both temporal
structures can address strategic issues such as does this opportunity open a new niche, protect us from
competition, or give us a long term foothold.

Participants in complex innovation eco-systems can construct a portfolio of possible value creating
opportunities that map out in time, and provide stepping stones into the future. They can also construct
innovative governance structures that enable them to continually revise and reframe the portfolio by
adding new ideas and dropping others. The portfolio into the future opens up possibilities for projects
and strategic paths, and helps to guide these developments as innovators encounter alternatives and
choose options. The portfolio enables participants to understand, anticipate, and attempt to control their
complex innovations using abductive learning routines to build on available knowledge, generate new
knowledge about strategic and institutional opportunities, and tinker far into the future productively.
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Abstract

With its Leading-Edge Cluster Competition (in German: Spitzencluster-Wettbewerb; LECC), the
Federal Ministry of Education and Research (Bundesministerium fir Bildung und Forschung, BMBF) is
supporting innovation clusters in a nationwide contest for the first time. In three rounds, 15 cluster
initiatives were selected and provided with funds to support them on their way to becoming
international leaders in their field of technology, or, if they already held such a position, to maintain
or expand their lead. Through a sustainable mobilisation of regional economic potential, supporting
the strategic further development of Leading-Edge Clusters has the goal of increasing growth,
securing or creating jobs and enhancing the attractiveness of Germany as a location for innovation
and business. The paper presents results of an evaluation of the LECC.
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1. Introduction: Impact of funding by the Leading-Edge Cluster Competition

With its Leading-Edge Cluster Competition (in German: Spitzencluster-Wettbewerb; LECC), the
Federal Ministry of Education and Research (Bundesministerium fir Bildung und Forschung, BMBF) is
supporting innovation clusters in a nationwide contest for the first time. In three rounds, 15 cluster
initiatives were selected and provided with funds to support them on their way to becoming
international leaders in their field of technology, or, if they already held such a position, to maintain
or expand their lead. Through a sustainable mobilisation of regional economic potential, supporting
the strategic further development of Leading-Edge Clusters has the goal of increasing growth,
securing or creating jobs and enhancing the attractiveness of Germany as a location for innovation
and business.

The LECC applied a two-step selection procedure supported by a jury. The design of the selection
process reflects the goals of the competition and takes into account the requirements for strategic
coordination in a multi-stakeholder programme. The selection process was transparent and well
communicated. As the feedback by the candidates consistently shows, there was sufficient time to
coordinate and prepare the proposals. The selection criteria of the jury are plausible and were
implemented adequately using a holistic approach that required the consideration of different
dimensions of the programme requirements. The jury was independent and had opportunity to
consult expert advice in decision-making. Figure 1 illustrates the distribution of LECC applicants over
the course of the three rounds of the LECC competition.

Figure 1
Structure of the participants in the three selection rounds of the Leading-Edge Cluster Competition

1st round 2nd round 3rd round

38 applicants 25 applicants 24 applicants
13 repeated applicants of 3 repeated applicants of
the 1st round the 1st round
e e 5 repeated applicants of
the 2nd round

16 new applicants

12 finalists 10 finalists 11 finalists
thereof thereof
3 new applicants 5 new applicants

leading-edge leading-edge leading-edge
clusters clusters clusters
thereof
2 new applicants

Source: Accompanying evaluation of the LECC. — Abbreviations: In the 2nd round of the competition,
two initiatives from the 1st round entered a joint application. One repeated applicant from the 2nd
round also took part in the 3rd round.

As can be seen, the LECC was successful in motivating new cluster initiatives for the second and
third round of the competition. Moreover, several initially unsuccessful cluster initiatives were able
to advance their organisational and strategic development in a manner that they succeeded in a later
round. In the second round of the competition, only contestants that had already participated in the
first round — some of them in different constellations — were selected. In the third round, a number
of new candidates succeeded.
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The evaluation of the LECC selection process also involved a comparison with other, internationally
visible technology development programmes of high nationwide importance: the Pdles de
Compétitivité in France, the Competence Centers for Excellent Technologies in Austria (COMET), the
Centre of Excellence programme (SHOK) in Finland, as well as (on the German state level) the
“Cluster Offensive Bayern” (a Bavarian cluster programme).

Like the Pbles de Compétitivité and COMET, the LECC used an application-based approach to select
funded initiatives. The regional (political) level also played a certain role during the pre-selection
period in these programmes. This regional focus was less pronounced in the Péles de Compétitivité.
The SHOK programme and the Bavarian Cluster Offensive used a top-down approach that was
initiated by a comprehensive analysis during the preparatory stage. The evaluation results show that
the application procedure is a key factor for the cluster initiatives to focus and constitute their
activities. In addition, the results show that the design of the LECC was suitable for achieving the
programme's objectives. Like the LECC, the other selected programmes are implemented since
several years.

In respect to targets, all these cluster programmes — except for the Bavarian “Cluster Offensive” —
are focused primarily on research and innovation. A difference between the programmes is that the
Pbles de Compétitivité and the LECC do not involve any funding of the underlying CM structures.
However, there was no indication that the decision not to allocate funding to CM structures resulted
in any disadvantages for either programme. After all, the cluster initiatives in both programmes
showed a positive development. Another difference is the funding of infrastructures, which is
possible within the Poles de Compétitivité and SHOK and not in other programmes. All programmes,
including the LECC, explicitly support applications for complementary funding on the national or EU
level. The funding periods are of similar length and appear to be suitable for achieving the goals of
supporting cluster development.

It is too early to quantify the extent to which the LECC has contributed to strengthening the
clusters. However, it is possible to estimate whether the conditions are suitable for the competition
to exert a noticeably positive influence in future. To answer this question, the role of Leading-Edge
Clusters in their innovation environment was investigated in order to assess their regional and
sectoral positioning.

Figure 2 shows the geographic distribution of the 15 Leading-Edge Clusters and roughly 640 cluster
initiatives that were identified in Germany at the national or Ldnder level by the end of 2013. The
sheer number of cluster initiatives, which in almost all cases receive funding, primarily by the states,
shows the importance that promoting clusters has gained for innovation policy in Germany. While all
the German Ldnder support clusters, the number of funded clusters and the intensity of support vary
considerably. The Leading-Edge Clusters are integrated into existing network and cluster structures
that are also supported by the Lénder.

The financial support for Ldnder clusters is usually for a limited term only, sometimes using financial
support from the European Fund for Regional Development (EFRE). The regional distribution of
cluster initiatives results, among other factors, from the regional industrial structure: The more a
region is industrialised, the greater the number of clusters initiatives and networks (e.g. in
Northrhine-Westphalia and Baden-Wuerttemberg). There is a north-south divide in the distribution
of the 15 Leading-Edge Clusters: Nine are located in southern Germany. In addition to the industrial
structure, the observed regional differences also reflect the research intensity of the local economy.
Finally, the observed differences also depend on the degree to which firms, science and government
succeed at joining forces to pursue a common strategy.
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Figure 2
Clusters and networks at the federal and Lédnder level in Germany

®
Baden-Wusitemberg

H ]
Clusterlandschaft
November 2013

B Exzellenzcluster (43)
go-cluster (30)
Léndercluster (357)
SCW-Teilnehmer (&7)
Sonstige (126)

l Spitzencluster (15}

B3 mo

Source: Accompanying evaluation of the LECC; based on an own inquiry (date: November 2013). —
Comments: Locations are given for the contact address of the cluster organisations. If a cluster is
represented in several categories (e.g. a Leading-Edge Cluster and member of go-cluster), then it will
be shown only once in the graphic but counted several times in the key. The map was created using
RegioGraph 13.
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The LECC had no restrictions in respect to sectors or technology fields, which is why the Leading-
Edge Clusters are rooted in different sectoral innovation environments that exhibit diverse patterns
of research and innovation. Figure 3 compares the sectoral distribution of the Leading-Edge Clusters
with the distribution of all the participants in the LECC, as well as the entirety of comparable
innovation clusters in Germany that were identifiable at the national and Ldnder levels. The number
of innovation cluster initiatives (370) is significantly lower than the total number of cluster initiatives.
The