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Foreword

Peter Drucker famously said that the purpose of a business is to create customers.
Everything else is in service of that purpose, including R&D, sales, marketing,
and general management. Customers, however, are constantly interested in either
lowering their cost or receiving more value from their relationship with partners and
suppliers.

Most established companies are fighting a continuous war to avoid or at least
minimize commoditization of their offering as, in a commodity market, the only
factor that matters is cost. The most effective way to achieve this goal is through
innovation. Innovation can be classified as sustaining and disruptive. In our research
and experience, we have learned that most established companies are quite good
at sustaining innovations that maintain and evolve their existing offerings, but
surprisingly unsuccessful when it comes to disruptive innovations.

This is where startup companies enter the picture. Defined as organizations that
operate under very high levels of uncertainty, startups are the key mechanism that
society as well as established companies has for exploring radical innovations.

In my experience, a wonderful analogy that defines startups comes from Reed
Hoffman, founder of LinkedIn, who compares a startup to jumping off a cliff with
all the parts that you think you need to build a flying plane and hoping that you
manage to assemble all the parts before you hit the ground. The analogy extends
quite far as it explains how even limited revenue early in the process can help extend
the runway of the company as well as how subsequent capital injections can be
viewed as balloons that bring the “airplane under assembly” to a higher altitude, so
that it has more time until it hits the ground.

Although the term “startup” is hyped these days and many are calling themselves
“entrepreneurs,” it is important to realize that starting a business in an established
domain and using a business model that is widely spread in that domain is different
from building a startup company. The latter is, at its core, concerned with aiming to
successfully establish a radical innovation and to create a business around this.

The typical startup has full autonomy in how it pursues its goals. This is
critically important as any wisdom and experience shared by senior managers from
established businesses is concerned with the way business used to be conducted
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vi Foreword

and consequently does not represent the new innovations that the startup is looking
to capitalize on. In the case of “intrapreneurship,” where innovators seek to start
new businesses within the walls of established companies, this autonomy is often
challenged as decision-makers easily fall back into traditional decision-making
processes and an outdated belief system.

As startup companies and their founders are, because of the aforementioned
autonomy, automatically alone and self-reliant, it is no surprise that many avoidable
errors are repeated in startup after startup. This is because, despite the vast amount
of content available on the web, there is very little available in terms of validated
scientific material that founders and others can reliably use in good faith. The book
that you are now holding is an answer to that need and in the following parts and
chapters, you will find a wealth of knowledge concerning success factors and advice
for startups.

Although primarily intended for founders and employees of early-stage startups,
the book also provides invaluable content for educators, policy makers, those
involved in incubators and accelerators, mentors, innovators, and those generally
interested in the startup space.

The editors have done an amazing job pulling such exciting, high-quality material
together in a book that is bound to become one of the cornerstones of the startup
community. Congratulations to the editors and authors and I wish you, the reader, a
great experience!

Start-Up Board Member, Angel Investor and Advisor Professor Jan Bosch
Chalmers University of Technology
Gothenburg, Sweden
August 2019



Preface

The Era of Software Startups Startups have been a steadily growing global
movement in the last decade. According to an industry survey, global venture capital
investment in startups was at a decade high in 2017, with over $140 billion invested
in startups [5]. Total value creation of the global startup economy from 2015 to 2017
is at $2.3 trillion, a 25.6% increase from the period between 2014 and 2016 [5].
AngleList, a database of startups, documented 4,791,000 registered companies in
2019, many of which develop software as a core asset of their businesses. Software
ventures such as Facebook, Snapchat, Spotify, Pinterest, Instagram, and Dropbox,
to name a few, are examples of software startups that evolved into successful
businesses with fast user acquisition and rapid growth.

Every great company started as a new venture, and every great product started as
someone’s idea. We all have good ideas for the next big things, but relatively few
of us have the spirit, energy, and skills to develop those ideas and visualize them into
commercial products. Among them, very few entrepreneurs become successful. The
high-risk nature of startups can be traced back to team, market, finance, and product
factors [6]. Many startups face the challenge of creating technologically innovative
products with cutting-edge tools and techniques. Many others have difficulties in
acquiring financial resources, obtaining paying customers, and defining appropriate
business strategies to deliver actual value [6]. Such diverse challenges underscore
the need to research on software startups, which will benefit both startup community
and interested professionals.

Defining Software Startups The usage of the term startup (start-up) in the sense
of building ventures can be found as early as 1976. In a Forbes article, it said “The
unfashionable business of investing in startups in the electronic data processing
field.” The term became very popular during the 1990s and 2000s with the arrival
of the dot-com business. In 1994, Carmel was among the first who investigated
processes inside small companies building and marketing innovative software
products [2]. In 2000, Sutton, in his article in IEEE Software journal, introduced
the term “software startups,” and the role of processes in these companies [16].
More recently, with the movement of Lean Startup and Customer Development, the

vii
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Fig. 1 Software startups and relevant terms

term “startup” is getting increasingly popular. Steve Blank described a startup as
a temporary organization aiming to create high-tech innovative products without
having a prior working history [1]. Blank differentiated a startup from a small and
medium-sized enterprise (SME) business, which does not necessarily intend to grow
and consequently lacks a scalable business model [1]. Eric Ries defined a startup as
a human institution designed to create a unique product or service under extreme
uncertainty [12]. Rather than a formal company, a startup should be considered as a
temporary organization that seeks a validated and scalable business model [12].

Software startups and similar terms, as seen in Fig. 1, are widely used in various
disciplines. To define the scope of software startups, we need to identify the role
of “software” in their value propositions. For instance, Steininger defines four ways
software relating to startups [15]:

– Software-facilitated: software is used to facilitate business activity without direct
contribution to core business value.

– Software-mediated: software is used to connect startups to their clients, i.e.,
e-commerce.

– Software-bearing: software is used as a part of the company’s infrastructures and
products.

– Software ubiquity: a company’s value creation completely relies on the software.

Software Startup Research Despite the popularity of software startups, many
questions remain about the validity of software startups as a research field and
startup education as a necessary academic subject. There is a widespread belief that
startup scene is simply too heterogeneous with diversity across subjects, industries,
cultures, nations, etc. and that much of the success of entrepreneurs could be
attributed to innate personality traits. Stories of young, successful tech entrepreneurs
who had dropped out of school seemed to support this opinion.
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But over the past 10 years, the demand for and the interest in entrepreneurship
research and education have grown significantly. Researchers and educators in the
entrepreneurship fields appear convinced that entrepreneurship can be taught [8, 9].
Specific knowledge areas and entrepreneurial skills are obtained by learning, either
from entrepreneurs’ own experience or from others. An entrepreneur can come up
with a great idea, but he needs to learn to develop and validate a sustainable business
model. The entrepreneur can have various ways to approach funding source, but
he needs to learn to convincingly pitch to his investors. And when developing a
specialized service or product, the entrepreneur needs to know well what he will
offer and in which way the product can be made in the startup’s contexts.

The interest in teaching entrepreneurship has increased at all levels of education,
from university to training programs in incubators and accelerators. Recently,
new methodologies and tools have been created for entrepreneurs, for instance,
Steve Blank’s customer development methodology [1], Alexander Oosterwalder’s
Business Model Canvas [10], and Eric Ries’s Lean Startup methodology [12].
There are also successful programs for entrepreneurs that include structured educa-
tional components, for example, Startup Weekend, NEXT program, and incubator
programs. These tools and programs emphasize the empirical view on startup
education—a methodology of getting out of the classroom and engaging with (and
learning from) the market to build a business model over time.

In the last decade, there has been an increasing effort on research and education
that covers the intersection between engineering and entrepreneurship. This effort
can be identified via a Google search with key words “Software startup research.”
In particular, software startup research can be defined as the use of scientific,
engineering, managerial, and systematic approaches to successfully develop soft-
ware products in startup companies. Similar to software engineering, the areas
of software startup research cover software engineering knowledge areas that are
closely linked to the startup context, such as requirements engineering, prototyping,
and management [17].

In terms of scientific or educational books, however, no book could be found
that address software startup topics. Existing materials, such as books, academic
journals, etc., typically focus on either engineering and technology aspects or
entrepreneurship and business aspects. Particularly, entrepreneurship books often
focus on entrepreneurial skills, personal trait, behaviors, and entrepreneurial pro-
cess. A book about software startup research will address the scientific area between
software business and software engineering aspects. It can cover how technical
aspects are related to business aspects, which complications arise, and how they
can be dealt with.

The Target Audience The book is designed for a wide range of audience, so that
as a software engineer, an entrepreneur, or an educator, you will find useful content
from it. Firstly, as a software engineer, you wonder why you should know something
about software startup research?

1. Startup movement is an inevitable trend. Software startups are an impor-
tant segment that stimulates economic development and produces new jobs.
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Entrepreneurship is a driving force for economic growth and software technology
is a business-enabler, both facilitating large-scale innovation. Software startup
research is the area combining both of these cutting-edge frontiers of the modern
world. As software startup engineers, you are in a position to be excellent wealth
generators—not only for your new ventures but also for the companies you work
for and the society you live in.

2. You are likely to be a founder of or to work for a software startup company. In
the second case, your employer does not necessarily want you to quit and form
your spin-off company in direct competition with them. But software companies
are dependent on innovation and growth for survival, and it is the entrepreneurial
spirit that drives this. Besides, you might work in an entrepreneurial environment
that is much different from your previous working experience in a corporate.
Knowledge about software startup research prepares yourself for working,
achieving, and thriving in such an environment.

3. Do you want to work on someone else’s project for all your life? As a working
professional, you need an interesting, stimulating, and productive working life;
this means at various points in your life you will want to set different kinds
of ventures in action. You may or may not create your own business, but you
would certainly have interesting ideas for software, projects, and practices that
you would like to promote in your work environments.

Secondly, as an entrepreneur, is it necessary to know about software startup
research?

1. You will need to know everything about your company. Early-stage startups are
often limited to various types of resources. In the beginning, you would be the
one who makes a business model, hire first employees, create first prototypes,
and design marketing strategies. Knowledge about software and fundamental
engineering principles can accelerate your jobs in the early phases.

2. A software startup is a mutual interaction and evolution of business and product
development. From a managerial perspective, you should know very well how
to develop your venture, but also how to generate customer value via the
development of your core services or products. Given the central position of a
software-intensive product, knowledge about software development, Minimum
Viable Product, technical debt, etc., are important engineering-level knowledge.

3. An entrepreneur needs to be aware of various micro- and macro-environmental
factors during his/her entrepreneurial journey. Many product and engineering
factors play essential roles in the success or failure of a startup at a certain point
of its life span.

Thirdly, as a software engineering educator, how do you find software startup
research useful for your teaching?

1. There is an increasing demand for startup education, especially in the engineering
sector. As a university lecturer, you might already see educational programs at
the master’s or even the bachelor’s level that combine both entrepreneurship



Preface xi

and software engineering. You will need a reference source of state-of-the-art
knowledge about software startup research.

2. Being a trainer, an educator, or an incubator manager, you are a key player in a
startup ecosystem. It is necessary to know the overall picture and the connection
among the ecosystem’s elements and to manage toward desirable outcomes. One
way to learn this is via similar experience reported by others.

The content of this book is aimed at those who are interested in understanding
the connection between business and engineering aspects in the context of software
startups. As shown above, people in various roles can find relevant content from this
book.

The Authors The major contributions for the book come from the Software
Startup Research Network (SSRN),1 which enables interactions and collaborations
among researchers and stakeholders in startup ecosystems. SSRN envisions to (1)
spread novel research findings in the context of software startups and (2) inform
entrepreneurs with the necessary knowledge, tools, and methods that minimize
threats and maximize opportunities for success. As part of the network initiatives,
the First International Workshop of Software Startups (1st IWSS)2 was organized
in 2015 at Bolzano, Italy. Since then several workshops, conference tracks, and
entrepreneurial events were organized under SSRN’s member initiatives. The
network also accounts for 100+ publications in the software engineering area.

There are 41 authors contributing to 20 chapters of the book. Among them,
78% of the authors are from academia, and 22% of them are practitioners. Fifty-
eight percent of the authors are members of SSRN. The authors come from
different known research organizations including Norwegian University of Science
and Technology,3 University of South Eastern Norway,4 University of Jyväskylä,5

University of Oulu,6 Free University of Bozen-Bolzano,7 University of São Paulo,8

Pontifical Catholic University of Rio Grande do Sul,9 and many more (Fig. 2).

The Topics This book presents important topics for the engineering and man-
agement of software startups, as shown in Fig. 1. Startups typically end up with
a product that is different from their original ideas. Pivots, strategic changes in
business, and product directions happen in every startup. Chapter “Pivoting in
Software Startups” discovered different types of pivots and factors that trigger them.

1http://softwarestartups.org.
2https://ssu2015.inf.unibz.it.
3https://ntnu.no.
4https://usn.no.
5https://www.jyu.fi.
6https://www.oulu.fi.
7https://unibz.it.
8https://www5.usp.br/.
9http://www.pucrs.br.

http://softwarestartups.org
https://ssu2015.inf.unibz.it
https://ntnu.no
https://usn.no
https://www.jyu.fi
https://www.oulu.fi
https://unibz.it
https://www5.usp.br/
http://www.pucrs.br
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Fig. 2 Main authors’ affiliations

It is crucial for startups to acquire needed knowledge, skills, and capabilities for
product development. Chapter “Yes, We Can! Building a Capable Initial Team for a
Software Startup” looked at startups from the lens of competence, i.e., team capacity
and team roles. Another inevitable phenomenon in startups is technical debt. Under
time pressure and limited operational environment, startups rely on short-term
technical solutions. Chapter “The Perception and Management of Technical Debt
in Software Startups” investigated how such software professionals perceive and
manage technical debt in their projects (Fig. 3).

The core concept in Lean Startup Methodology is Minimum Viable Products.
The concept is the most overused and misunderstood terms among startup commu-
nities and researchers. Chapter “An Analytical Framework for Planning Minimum
Viable Products” offers a rich description of Minimum Viable Products in software
startups and proposes a way they can be created. In a larger scope, Chapter
“Software Startup ESSENCE: How Should Software Startups Work?” proposes a
method and tools to capture startup ways of working.

Metrics are structured data in useful and systematic ways, valuable for various
decision-making in startups. Chapter “Startup Metrics That Tech Entrepreneurs
Need to Know” presents a list of 100+ metrics for software startups that are
compiled by studying practitioner-oriented literature. The chapter illustrated the
usage of important metrics in a case study. Chapter “Early-Stage Software Startups:
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Fig. 3 Thematic map of the book’s topics

Main Challenges and Possible Answers” summarizes common pitfalls and patterns
observed in many startups.

Startups’ operational environments include both micro and macro factors. At
the macro levels, descriptions and evaluations of startup ecosystems in various
countries are presented in Chapter “The Roles of Incubators, Accelerators, Co-
working Spaces, Mentors, and Events in the Startup Development Process,” in
Chapter “Fostering Open Innovation in Coworking Spaces: A Study of Norwegian
Startups,” in Chapter “Startup Ecosystem Maturity and Visualization: The Cases of
New York, Tel Aviv, and San Paolo,” and in Chapter “Thailand’s Software Startup
Ecosystem.”

This book also presents the educational aspect of software startups. Chapter
“Software Startup Education: A Transition from Theory to Practice” reviews current
literature on teaching startup principles for IT students. Chapter “Teaching Through
Entrepreneurship: An Experience Report” presents an experience of teaching Lean
Startup using a supportive platform. In the end, Chapter “Lean Internal Startups:
Challenges and Lessons Learned” shares three stories of startups inside cooperates,
i.e., how they adopted the Lean Startup model, their consequences, and lessons
learned. Chapter “Software Startup Education: Gamifying Growth Hacking” reports
a growth-hacking course for startups.

Besides empirical validation of software startup research methods and practices,
the book gathers startup stories from Norway, Latvia, Russia, and Brazil. Chapter
“Key Influencing Factors in Early-Stage Norwegian Hardware Startups: A Trilateral
Model of Speed, Resource and Quality” describes the concerns with quality and
agility in Norwegian hardware startups. Chapter “The Rise and Fall of a Database-
as-a-Service Latvian Unicorn” reveals a postmortem experience of a falling software
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unicorn. Chapter “Triggers of Business Success of IT Startup Owners in Russia”
shares local experiences of startups in Russian markets. Chapter “Brazilian Startups
and the Current Software Engineering Challenges: The Case of Tecnopuc” describes
the life of startups in a Brazilian technology park.

Methodological Foundation Many of the book chapters have backgrounds in
empirical software engineering (ESE), establishing the methodological foundation
for the book. Rooted in medical science, an empirical study performs a test to
compare what we believe with what we observe [7, 11].

At the heart of ESE are empirical methods, which are adopted from more
established research fields, i.e., medical science and social science. As a subset
of ESE, software startup research involves significantly non-technical factors, both
at the micro and macro levels. Hence, many of the research methods that are
appropriate to software engineering are drawn from disciplines that study human,
business, and society [14]. The fundamental principle is that our claims must
be backed by evidence and such evidence should be based on concrete observa-
tions, measurements, or experimentation resulting from qualitative and quantitative
research, often based on a multi-method or mixed-method methodology. These
methods all have known flaws, and each can only provide limited, qualified evidence
about the phenomena being studied. However, each method is flawed differently
and viable research strategies use multiple methods, chosen in such a way that the
weaknesses of each method are addressed by the use of complementary methods
[3]. In each chapter, you will find how authors come up with their findings, and how
they eliminate threats to the scientific validities of their work.

Many of our chapters ask exploratory questions, as they attempt to understand
the phenomena and identify useful distinctions that clarify our understanding [4].
For instance, in Chapter “Yes, We Can! Building a Capable Initial Team”, the
author asks: “What are the different types of pivots software startups have made
during their entrepreneurial journey?”. Or in Chapter “The Maturity of Startup
Ecosystems: The Cases of New York, Tel Aviv, and San Paolo,” the authors seek
to answer: “How do coworking spaces foster open innovation practices?”.

As theories are underdeveloped in software engineering [13], many chapters
in this book have the same style, as the frame of reference is expressed by the
viewpoint of the researchers or practitioners. For those who are interested in a
theoretical aspect, Chapter “Pivoting in Software Startups” offers an overview of
popular entrepreneurial theories and how to use them to explain for software startup
phenomenon.

One of the major references using in this book are the Silicon Valley practition-
ers’ methodologies, Lean Startup [12] and Customer Development [1]. We refer to
terms, such as Minimum Viable Product, Pivot, and Customer Development, and
explore them in specific engineering and business contexts.
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Fig. 4 Geographical demographics of investigated startups

Geography of Studied Software Startups We are used to thinking of high-tech
innovation and startups as generated and clustered predominantly in fertile US
ecosystems, such as Silicon Valley, Seattle, and New York. However, the last decade
has also witnessed the rapid growth of startup ecosystems around the world, from
America and Europe to Asia. We presented below the geography of our empirical
evidence, sorted by their significance (i.e., number of investigated startups) in this
book (Fig. 4).

Scandinavia The Nordic countries are producing the most billion-dollar valued
businesses per capita in the world, second only to Silicon Valley. While the Nordics
represent only 3% of the population in Europe, it has produced more than 50% of
the billion-dollar exits in the region since 2005. It is the home for industry-defining
technologies and tech companies such as mobile phones, Skype, Klarna, Rovio, and
Kahoot!.

The majority of cases used in this book are from Norway. We performed
various approaches, i.e., survey, interview, observation, and action research, with
Norwegian startups in Trondheim, Oslo, Bergen, and other places. Until 10 years
ago, Norway rarely featured as a player in the European or even Nordic startup
ecosystem. Fast forward to today, Norway is the fastest growing Nordic ecosystem
(2016), second only to Sweden. Not all Norwegian startups have survived. In 2009,
more than 40,000 new startups were founded in Norway. A year later, half of these
had ceased to exist. In this particular statistic, only 27% were still operational 5
years later.

Thanks to Finnish authors, there is also a large amount of evidence in this book
collected from Finland. Some of our authors have accesses to startups in the most
active ecosystems in Finland, such as Oulu and Helsinki. Many startups mentioned
in this book also attend Slush—the largest European events for entrepreneurs and
investors. During the last 10 years, the startup movement across this country has
attracted world attention, which accelerates the acquisition process of Finnish best
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startups. For instance, Facebook bought a Finnish startup Pryte. Japan’s SoftBank
paid $1.5bn for a 51% stake in Supercell—a mobile game developer after the
success of Clash of Clans and Hay Day.

United States With major companies like Uber, Lyft, and Pinterest going public,
the United States is the land of the most number of unicorns worldwide. Silicon
Valley has dominated the US startup ecosystem for many decades. Besides, cities
with popular startups include New York, Seattle, Boston, Austin, Washington DC,
and Chicago. In this book, data collected from US startups are primarily from online
surveys and remote interviews.

Western Europe The Italian Startup Ecosystem has been developing fast over the
past few years. With many governmental initiatives and an attempt to officially
register startups, Italy is working hard on increasing its support for entrepreneurs.
The major geographic startup hub for Italy is Rome, with Milan being an emerging
center for innovators. Several chapter authors live and work in Italian cities, making
data collection straightforward.

The Dutch Startup Ecosystem has been developing rapidly over the past few
years and has received great attention from both the government and the private sec-
tor, resulting in multiple initiatives to benefit young entrepreneurs. The geographic
startup hubs for the Netherlands are spread around the country with Amsterdam as
an innovative center. In this book, data collected from two Dutch startups are from
remote interviews and online materials.

According to data from 2018, Spain is the sixth country in Europe with
the highest number of digital profiles available in the employment market. The
geographic startup hub for Spain is Barcelona and Madrid. In this book, data
collected from two Dutch startups are from remote interviews and online materials.

Eastern Europe The Latvian startup scene is inherently quick-moving, with a
fascinating hub for regional startups at Riga. One chapter of this book describes
a Riga startup’s journey from an early stage, scaling and failing eventually.

Russia is by far the regional leader in technological assets, number of startups,
and volume of investment. Moscow and St. Petersburg appear in a list of top cities
for fast-growth enterprises. Examples of successful software startups coming from
Russia are Yandex and VK.ru. In this book, there is a chapter describing the story
of entering the Russian market.

South America The innovation ecosystem in South America is evolving fast. The
Brazilian Startup Association (Abstartups) maintains a database with the number
of startups in the country (https://startupbase.com.br/stats). The picture on August
2019 when the database was accessed showed a total of 12,768 startups mapped and
four main states leading the entrepreneurial ecosystem in Brazil: Sao Paulo, Minas
Gerais, Rio Grande do Sul, and Rio de Janeiro.

Chile and Argentina are also two strong entrepreneurial cultures in South
America, and other countries are catching up fast, such as Uruguay and Colombia.
We explore some software startup research topics in such Latin American contexts.

https://startupbase.com.br/stats
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Asia Asia increasingly sees Israel’s innovativeness as a source for continued
development, especially in the high-tech scene. Israel is one of the most successful
startup ecosystems in many rankings. Tel Aviv’s startup ecosystem has been ranked
No. 3 in the world in 2018. In one chapter, we studied and compared the three
startup ecosystems in Tel Aviv, San Paolo, and New York. The book also covers
startup stories from other emerging Asian startup scenes, such as Singapore,
Thailand, and Pakistan. Commonalities with global startups, as well as region-
specific characteristics, are explored in different chapters of the book.

What Is Not in This Book? Firstly, this book is not a scientific entrepreneurship
book. Even though many chapters cover topics about behaviors of startups and
founders, they are not classical articles with the purpose of theory development.
The chapters are practitioner-oriented, illustrated by real-world observations and
case studies. Secondly, this book does not cover the financial aspects of software
startups. Topics such as financial management, fundraising, cash flow management,
etc. are beyond the scope of the book. Such topics would be covered in a separated
specialized book. Lastly, it is noted that the content of this book highly reflects
the empirical evidence we collected. The book does not address software startup
situations in some developed countries like Canada, France, Germany, Belgium,
etc. We also do not include cases from Australia, Africa, and the majority of Asia.

Bø, Norway Anh Nguyen-Duc
Reutlingen, Germany Jürgen Münch
Porto Alegre, Brazil Rafael Prikladnicki
Bolzano, Italy Xiaofeng Wang
Jyväskylä, Finland Pekka Abrahamsson
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Six Pillars of Modern Entrepreneurial
Theory and How to Use Them

Yngve Dahle, Anh Nguyen-Duc , Martin Steinert, and Kevin Reuther

Abstract In recent years, there has been an explosion of interest in entrepreneur-
ship from both practical entrepreneurs and researchers. While theories are helpful
for explaining business-driven activities in a startup, they are also valid in reasoning
for the practical activities occurring in the entrepreneurial context. We believe that
startups would benefit from the awareness of these entrepreneurial theories and the
understanding of how they can be connected to decision-making in both business
and engineering perspectives. In particular, we want to focus on theories that are
already used by practical entrepreneurs and their advisors. As an example, we
have studied the Scandinavian entrepreneurial ecosystem. We selected six groups
of theories that might be particularly relevant for the startup population, namely
(1) core competence and resource-based view, (2) effectuation, (3) the fulfillment
of entrepreneurial opportunities, (4) bricolage, (5) business model innovation, and
(6) lean startup. In this chapter, we explain these theories including the ongoing
research around them, the connections among these theories, and how they can be
applied in a real case study.
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1 Introduction to the Theoretical Map

1.1 The Need for Entrepreneurial Theories

In the small Scandinavian country of Denmark, there are 216 different public
organizations set up to give advice and support to entrepreneurs, managed by 110
different branches of the government. The setup in Norway and Sweden is very
similar. The Danish “Simplification Committee for Business Promotion” released
its annual report [1] in April 2018, suggesting a new policy to manage the public
entrepreneurship support. The initiative shall help to ensure that the business in the
regions and the nation will be globally competitive in the future. Four main areas
for improvement in Denmark include (1) creating a coordinated entrepreneurial
journey, (2) being able to give high-quality advice independent of the individual
experience of each advisor, (3) using modern technology to create an effective
knowledge transfer, and (4) being able to learn from the collected data. This is the
start of a process aiming to build a national best practice for entrepreneurship in
order to give entrepreneurs optimal support—and to build a structure for gathering
behavioral data to continuously improve this process. Similar initiatives are being
initiated in Norway and Sweden. Strangely enough, the academic institutions within
entrepreneurship do not seem to be very much involved in this development. One
might argue that this separation into a “consultant-driven” practical and an academic
branch of entrepreneurial thinking seems to be partially factual in all of the three
Scandinavian countries.

Entrepreneurship research is relatively new as an academic field, but it has a
long tradition [2]. The term “entrepreneur” has been used in the French language
since the twelfth century, describing people who trade within or among European
cities, buying goods cheap and selling them at a higher price [3]. The first economist
to focus on the role of entrepreneurship in economic development was Joseph
A. Schumpeter [4, 5]. In his seminal work, Schumpeter tried to develop a new
economic theory based on change [5], arguing that “creative destruction is the
essential fact about capitalism” [4]. The “twin oil crises” in the 1970s triggered
a reappraisal of the role of small firms. Many large companies were hit by severe
economic difficulties. The increased interest in smaller firms can be attributed to (1)
a fundamental change in the world economy, related to the intensification of global
competition, the resulting increase in the degree of uncertainty, and greater market
fragmentation, and (2) changes in the characteristics of technological progress
giving large firms less of an advantage [6]. The new trends are also reflected
in numerous scholarly works concerning entrepreneurship and the role of small
business. The explosion in the number of entrepreneurship-oriented journals in the
1980s and 1990s reflects the similarly dramatic increase in entrepreneurial activity
that took place at the same time [7, 8]. Still, the vast amount of knowledge created
in this research does not seem to be fully utilized by practical entrepreneurs and
incubators, grant providers, and advisors who are given the task to support them.
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The common topics
Entrepreneurial process

The existence, discovery, and exploitation of entrepreneurial 

opportunities
New venture formation

The social and environmental context

New venture finance

Macroeconomic impact of entrepreneurial activity

Characteristics of entrepreneurs

One reason for the chasm between the practical and the academic branch of
entrepreneurship may be the latter’s lacking ability to translate knowledge of
entrepreneurship into practical, normative advice for the entrepreneurs and the
organizations that help them. In 2012, Scott Shane wrote an article [9] reflecting
on and summarizing the classic 2000 article “The promise of entrepreneurship as
a field of research” [10] that he co-wrote with Venkataraman. In this article, he
addressed the major challenge of normatively trying to find a “best-practice” of
entrepreneurship:

We did not intend to say that the entrepreneurial process is rational, planned, strategic, or
even temporarily ordered, but merely that the entrepreneurial process has sub-processes.
There may be no optimal entrepreneurial process, allowing for many equally effective
approaches, which is an important issue for the field to explore. It is also possible that
one approach may be optimal but that many entrepreneurs do not approach the process “the
best way”. This point has important ramifications for the fields desire to be normative.

Such a normative model would address the practical problems that must be
solved to actually improve the success rate of entrepreneurs. Why do some startups
succeed while others fail? What is the essence of entrepreneurship? Who is most
likely to become a successful entrepreneur and why? How do entrepreneurs make
decisions? What environmental factors foster the most successful entrepreneurial
activities? Entrepreneurship research is plagued by these and other unanswered
fundamental questions. In the early days of the field, it has been much criticized
for a lack of cohesive explanatory, predictive, or normative frameworks that are
able to explain such questions [10, 11]. The purpose of this chapter is to try
to use modern entrepreneurial theory in such a way that it can bridge the gap
between entrepreneurship researchers on one side and practical entrepreneurs and
their supporters on the other.

1.2 Selections of the Theoretical Blocks

Scholars have proposed several theories to explain the field of entrepreneurship.
These theories have been categorized into six different sub-domains, all drawing
from different fields: (1) Economic entrepreneurship theory, (2) Psychological
entrepreneurship theory, (3) Sociological entrepreneurship theory, (4) Anthropolog-
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Fig. 1 A theoretical map of entrepreneurship literature

ical entrepreneurship theory, (5) Opportunity-based entrepreneurship theory, and (6)
Resource-based entrepreneurship theory [12]. Targeting the intersection between
entrepreneurship and software product engineering, we look for theories that can
be applied in technology-relevant contexts, such as explaining technical decisions
under business constraints, like deciding on a set of product features basing on the
current resources and visions. Therefore, we limit ourselves to theories at team or
business levels, focusing on the managerial, process, and environmental factors of
entrepreneurship. Hence, we have excluded economic-based theories (entrepreneur-
ship as an economic system), sociology-based theories (entrepreneurship as a social
system), anthropology-based theories (culture, communities of entrepreneurs), and
psychology-based theories (personal characteristics of entrepreneurs). Our ambition
is not to present a complete picture of entrepreneurial theory, but rather to
focus on theories that are usable for, and actually used by entrepreneurs and
their helpers. With this perspective, we select six theories (as shown in Fig.
1) as instrumental blocks for the modern, process-based, and practical approach
to entrepreneurial studies. They reflect the opportunity-based and resource-based
views on entrepreneurial activities. The six pillars seem to be closely related to
each other as they are sharing many of the same ideas and concepts. We will try to
describe these relationships in the first part of this chapter. The chosen theories also
have the advantage that they are relatively well known to practical entrepreneurs,
advisors, and mentors in incubators and entrepreneurship support programs. This
may help to increase the adaptation of the model.

We are starting with the concept of the Resource-Based View (RBV) [13, 14],
with a special focus on Core Competence as a resource [15]. We then look at
entrepreneurship as a nexus between entrepreneur and opportunity [10] and try to
build a bridge via the discussions around Effectuation [16, 17], Bricolage [18], and
Business Model Innovation [19–22] toward the Lean Startup Movement [19, 23,
24]. These six building blocks build on each other, to a varying degree. The model
starts with the earliest contribution in the top left corner and shows the influences the
pillars have had on each other toward the bottom right corner. The detailed relations
will be explained in the following sections.
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We choose Shane and Venkataraman’s definition of entrepreneurship [10]: “the
scholarly examination of how, by whom, and with what effects opportunities to
create future goods and services are discovered, evaluated, and exploited.” This
process-based definition has got some great advantages for the purpose of our
research. Firstly, it follows Gartner’s example of focusing on what the entrepreneur
does rather than on trying to analyze what the entrepreneur is, or on the personal
traits of the entrepreneur [25]. Trying to understand the entrepreneur based on
his/her activities is the core of the proposed model to be developed in the course
of this chapter. Secondly, the definition does not put great emphasis on the estab-
lishment of companies. A significant share of entrepreneurial activities often takes
place before an actual company is established. Similarly, entrepreneurial activities
often take place as improvements of processes in well-established companies. This
is sometimes referred to as “Intrapreneurship” [26]. Thirdly, the focus on the nexus
between the entrepreneur and the opportunity seems to be the starting point for the
incremental and effectual approaches utilized by the Lean Startup Movement.

2 The Illustrative Case: QuickNews

In order to illustrate the practical usages of the six theoretical pillars, we have
conducted a single case study. The case is not necessarily representative for
successful startups, but it is a typical digital startup facing engineering and business
decisions from which we can acquire various insights. QuickNews is a spin-off from
a Norwegian social media company. The CEO of the company quit her job and
sought for a technical team to develop a hyper-local news platform. The business
idea came to her mind in the early days of 2014. She started with the business idea
and hired several consultants, freelancers, and contractors to realize and refine the
idea. The CEO explored her networks with local incubators, investors, a university,
and other startups to seek for technical competence, funding, and business support.
A CTO who used to be an IT researcher joined the team and initiated a prototyping
contract with a foreign outsourcing team. The outsourcing team worked in a Sprint-
based approach adopting Sprint planning and retrospective meetings, burn down
chart, and communication via social media. The first Minimum Viable Product
(MVP) was created in late 2015. The product was launched at the end of 2015
(Table 1).

During the journey of QuickNews, several questions about both business and
product development had been asked and decided by the founders. The example
questions are:

• Which feature should be built first?
• Whom should we involve in the development/marketing campaign?
• How do we generate benefits from the current business model?
• Who should be the partner in the prototyping phase?
• How can the software be created to attract target users?
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Table 1 Case demographics

Startup duration April 2015

Team size 2 (early stage)–6 (startup stage)
Team competence CEO (journalism, marketing), CTO (Information technology), 01 content

developer, 03 software developers
Product idea A hyper-local news platform where citizens are journalists
Funding Seed funding from the government (2 rounds), angel investor

(1 round)—total budget ca 500,000 euros
Traffic 200+ users, 1500+ posts
Core features Post a news article, view a news article in a list view and a map view,

livestream video, news recommendation, award system for posts
Market Norway, Singapore

Fig. 2 Mapping the case examples to chapter sections

• How can the desired features be built within a given budget?
• When should we launch the product?
• Which marketing channels/content should we focus on at the early stage?
• Where do we find lead users?
• What is the best way to validate the market demand for the product?

The study of QuickNews was planned when the second author participated in
the case as a co-founder. The purpose was to (1) become a successful co-founder
and (2) understand and research about startups. At that time, startups were an
unfamiliar phenomenon for explorative investigation. The study was designed as
a type of ethnographic studies [27] based on participant observations [28] including
documentation of field notes, retrospective meetings, and workshops. The second
author participated at and observed various working sessions and meetings in
QuickNews, getting insights on what, when, why, and how such questions are raised
and addressed. The study was conducted from September 2015 to May 2017.

In the following sections of this chapter, we use entrepreneurial theories to
explain some of the scenarios occurring in QuickNews. As illustrated in Fig. 2, we
explain how the business idea was initiated, what technical competence was added
to the project, how the business and product coevolved, and what consequences the
restricted resources in early-stage startups had for QuickNews.
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3 Core Competence and the Resource-Based View

The concepts of “Core Competence” [15] and “Resource Based View” [13] have
been central building blocks for the process-based entrepreneurship thinking devel-
oped in our millennium. J. Barney [13] challenged “The Environmental Models
of Competitive Advantage,” which tries to understand competitive advantages by
primarily analyzing the organization’s external opportunities and threats. This latter
model draws heavily on Porter’s Five Force Model [29], where the company is
understood in accordance to a competitive ecosystem containing threats from new
entrants and substitutes, the bargaining power of suppliers and customers and
finally, the existing competitors within the industry. As an alternative, Barney has
introduced the “Resource Based Model,” which examines the relationship between
firms’ internal weaknesses and strengths and its performance. These resources,
according to Barney, consist among other things of the firms “assets, capabilities,
organizational processes, firm attributes, information and knowledge.” Wernerfelt
has defined resources as “anything that could be thought of as a strength and a
weakness of a given firm. More formally, a firm’s resources at a given time could
be defined as those (tangible and intangible) assets that are tied semi-permanently
to the firm” [14]. Barney developed the VRIO model structured in a series of four
questions to be asked about the business activities a firm engages in: (1) the question
of Values; (2) the question of Rarity; (3) the question of Imitability; and (4) the
question of Organization [13]. The answers to these questions determine whether a
particular resource or capability for the firm is a strength or a weakness. The VRIO
model describes ways that firms can expect to be successful. The RBV is closely
related to the Dynamic Capability View [30].

Prahalad and Hamel extended the RBV in their discussion of the “Competence
Based View” [15]. Note that there is a key distinction between resources and com-
petence. The individual resources of a startup include intellectual assets, patents,
hardware, software infrastructures, and brand names. Competence is the capacity
of a team of resources to perform some task or activity. This theory enhances
the Resource-Based Model by focusing further on the Resources that constitutes
“Unique Knowledge” in the organization. They claim that the competitive advantage
of a firm is better understood by researching the core competencies behind products
than researching the products itself. While resources are the source of the firm’s
competencies, competencies are the main source of its competitive advantage.

The implications
Highlights the necessity of firms to develop superior internal 

resource and competence of all their members. 

Assesses existing resources and competences as strength or 

weaknesses.

Invests on better resources and consequently superior capabilities as 

a way of reaching higher levels of growth.
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Table 2 Assessment of AI competence in the team

Element Explanation Evaluation

Value The resource enables the company to
implement their strategies

Yes: the product will be able to
recommend news according to
personal preference

Rarity The resource can only be acquired by
one or few companies

Yes: the capability of implementing
previous features

Imitability The resource should be hard and
costly to imitate or substitute

Yes: without the recommendation
feature, the product is much less
competitive in the market

Organization The company is organized to
adequately exploit these resources

No: the new resource might not fit
into the current backend development
team

From the project management perspective, entrepreneurs can analyze and
manage their limited resources in the early stages of the project life cycle. In
QuickNews, after 6 months of recruiting the CTO, the company comes up with the
question if they need to hire a new Artificial Intelligence (AI) scientist. The CEO
would like to have a feature that recommends news based on personal preference but
is not sure about the impact of the action. By using the VRIO model as a postmortem
analysis, she can assess the value of hiring an AI scientist for QuickNews (Table 2).

4 Entrepreneurship as the Fulfillment of Opportunities

The concept of an “entrepreneurial opportunity” is central for the study and theory
of entrepreneurship. Shane and Venkataraman defined entrepreneurial opportunities
as “situations in which new goods, services, raw materials, markets and organizing
methods can be introduced through the formation of new means, ends, or means-
ends relationships” [10]. Entrepreneurs, individuals who pursue entrepreneurial
opportunities, must believe that the value of resources used according to a particular
means-ends framework would be higher than if exploited in their current form.
Without entrepreneurial opportunities, there will be no “entrepreneurship.” The
definition is extended into describing the focus of entrepreneurship research into
answering three questions:

• Why, when, and how opportunities for the creation of goods and services come
into existence?

• Why, when, and how some people and not others discover and exploit these
opportunities?

• Why, when, and how different modes of action are used to exploit entrepreneurial
opportunities?
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Shane later expanded on the difference between the objective opportunities
and the subjective recognition of those opportunities [31]. He separates between
entrepreneurial opportunities and business ideas by stating that the former are
situations where resources can be combined to generate profit, while the latter is the
entrepreneur’s interpretation of how these resources should best be used in pursuit
of the opportunity. Jonathan et al. discussed three types of opportunities: (1) By
the locus of the changes that generate the opportunity; (2) By the source of the
opportunities themselves; and (3) By the initiator of the change [32]. According
to him, entrepreneurial opportunities can, in fact, occur because of changes in
a variety of parts of the value chain. Certainly, the creation of a new good or
service can create an opportunity for entrepreneurial profit, as is the case when
the development of an accounting software or a surgical device makes possible a
product or service that can be sold for more than its cost of production. Finally, new
methods of production, such as the assembly line or computer-aided drug discovery,
have provided opportunities for entrepreneurial profit.

Opportunities can also vary as to their source. Eckhardt et al. suggested four
major categories of opportunity sources [31]. The first type comes from asymmetries
in existing information between market participants. Changes in technology, regula-
tion, and other factors generate new information about how resources might be used
differently. This information changes the price for the resources, hence allowing
companies who have early access to the new information to purchase resources at
low prices, use the information to create products or services, and sell them at an
entrepreneurial profit.

The second type of opportunities comes from exogenous shocks of new infor-
mation. Several types of exogenous shifts exist, for example, government policies,
social and demographic changes, and those generated by the creation of new
knowledge.

The third source of opportunities comes from the trade-off between the supply
and demand sides. Opportunities can also be classified on whether the changes
that generate them exist on the demand or the supply side. Customer preferences
influence the allocation of resources because producers need to respond to the
preferences and purchasing habits of consumers. Thus, demands change from
exogenous shifts in culture, perception, tastes, or mood can open up opportunities.

The fourth type is from attempts to increase productivity in organizations. The
merger or breakup of organizations can create productive opportunities as new
customer relationships or economies of scale are generated.

Opportunities can also be different due to their initiators of changes. Different
types of entities initiate the changes that result in entrepreneurial opportunities,
such as specialized knowledge creating agencies, such as universities or research
laboratories that lie outside the industrial chain, and firms within the industrial chain,
including suppliers and customers.

Considering the concept of opportunities, we choose a quite wide interpretation
of the term in one specific regard. The textbook understanding of an opportunity is
a rather positive one. You will have the opportunity to go from a good situation to
increase your financial and human utility. You decide to quit your job to build up a
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company—and the purpose will be to create a growing entrepreneurial organization
by creating value for the involved stakeholders. This will be your typical “oppor-
tunity” entrepreneur. In many areas of the world, and in many vertical industries,
however, entrepreneurship is motivated by the lack of other meaningful employment
alternatives. In developing economies, traditional employment opportunities are few
and far between, and we also see a large number of “art entrepreneurs” emerging
[33]. These are “micro-entrepreneurial” projects started by people who have no
other ambition than to make a living for themselves from their talents. These will
constitute what we call “entrepreneurs out of necessity.” Being self-employed is
a necessity coming from the situation they find themselves in Venkataraman and
Shane do not specifically separate between these two categories, and we will treat
“necessity” as a form of opportunity.

Treating entrepreneurship as a separate science, a clear and agreed upon defi-
nition and the focus on understanding the nexus between the entrepreneur and the
opportunity should make it easier to build the practical advice to entrepreneurs upon
existing theory. This has created a platform for both Effectuation [16] and Bricolage
[18]. In addition, it has created the foundation for the focus on understanding
entrepreneurial projects by understanding their Business Models, and by The Lean
Startup movement—who build their understanding of entrepreneurship on a set of
iterative improvement in the recognition and exploitation of opportunities [24].

Locus of the change
The creation of new products or services

Discovery of new geographical market

Discovery of new raw materials

New methods of production

New ways of organizing

Source of opportunities
Resource information asymmetry

Exogenuous shift of social, institutional and technical conditions

Change in the balance of demand–supply

Merge activities

Initiators of changes

Specialized knowledge creating agencies

Industrial supply chain

Capturing different types of opportunities and the journey of opportunity
identification makes entrepreneurs aware of opportunities that they might have
neglected earlier. This can trigger entrepreneurial activities. Figure 3 illustrates the
process of realizing an entrepreneurial opportunity in QuickNews.

The initial entrepreneurial opportunity in QuickNews arises from the CEO’s
ability to accumulate her social capital and existing experience and from that
reach the level of entrepreneurial alertness leading to forming the entrepreneurial
team. Here we can see the close link between the focus on resources in the
previous chapter, and the focus on finding and exploiting opportunities here. The
initial entrepreneurial opportunity arises directly from the CEO’s knowledge and
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Fig. 3 Entrepreneurial opportunity identification process of QuickNews

network resources—more than from a specific market event. The second type of
entrepreneurial opportunity, which is a change in the industrial supply chain, is
discovered later during the business development.

5 Effectuation

Sarasvathy adds to the understanding of the opportunity-seeking entrepreneur with
her theory of Effectuation [16]. She claims that an entrepreneurs’ journey starts
up without clearly defined objectives. An entrepreneur typically starts with only
some very general goals “such as the desire to make lots of money or to create a
valuable legacy like a lasting institution, or, more common, to simply pursue an
interesting idea that seems worth pursuing.” Because of these characteristics of
entrepreneurship, Sarasvathy argues that an effectuation approach gives much more
meaning than a causation approach when studying it [16]. She defines the difference
between the two as follows:

• Causation processes take a particular effect as given and focus on selecting
between means to create that effect.

• Effectuation processes take a set of means as given and focus on selecting
between possible effects that can be created with that set of means.

Sarasvathy uses an example where a chef is cooking dinner [16]. In the Causation
scenario, he gets a menu from a client, gets the ingredients, and cooks the meal
according to the menu. The start is the menu, and the process is to select how to
prepare the meal. In the Effectuation scenario, the client asks the chef to cook the
meal from the ingredients he can find in the kitchen. Here, the chef has to create
the meal from a given set of resources—thus being in a much more creative than
analytical process.
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This means that the entrepreneur starts with the resources he has at hand and
tries to create as much value as possible from that starting point, rather than having
a clear target destination and trying to find the necessary resources to get there.
In this way, this theory is related to the “Resource Based Model” [13, 14, 34].
Thus, entrepreneurship is seen as a creative effort rather than an analytical one, and
as a much more experimental and design-driven process than traditional strategic
management. This also is part of the foundation for the Lean Startup Movement
[24].

Sarasvathy also introduces five principles of entrepreneurship, presented as
“five habits of highly effective entrepreneurs.” These are described as: (1) Bird in
hand: You should start with what you have, asking questions like “What are my
characteristics and preferences?,” “What can I do?,” and “Who do I know?.” This
draws on the RBV and we will see that it is highly linked to the concept of bricolage.
(2) Affordable loss: You do not invest more into the entrepreneurial project than you
can afford to lose. (3) Crazy quilt: You should seek alliances with potential actors in
your entrepreneurial ecosystem. (4) Lemonade: If you suffer a setback, you should
turn it into an opportunity. This is the same iterative logic you will find in the Lean
Startup thinking. (5) Pilot in the plane: You should take charge of the situation, using
the other four principles to make things happen.

The logic of effectuation also builds on the “Science of the Artificial” by
Simon [35], who clearly sees sciences like entrepreneurship from a similar design
viewpoint: “Finally, I thought I began to see in the problem of artificiality an expla-
nation of the difficulty that has been experienced in filling engineering and other
professions with empirical and theoretical substance distinct from the substance
of their supporting sciences. Engineering, medicine, business, architecture, and
painting are concerned not with the necessary but with the contingent—not with
how things are but with how they might be—in short, with design.”

Effectuation principles
Bird in hand: Start with who you are, what you know

Affordable loss: Invest only what you can afford to loose

Lemonade: Be open to surprises and leverage them

Crazy quilt: Build stakeholder partnerships

Pilot in the plane: Focus on action where you directly influence the 

outcome

Effectuation is considered an effective framework to explain for various
engineering activities occurred in early-stage digital startups [36]. It is important
for technical co-founders that technical decisions are not only influenced by the
technologies and engineering processes, but also effectual situations of the business.
As a postmortem analysis, we used Sarasvathy’s five principles to explain for the
challenges in the prototyping process in QuickNews, as shown in Table 3:

� Bird in hand: QuickNews starts with a few wireframes, websites, and Facebook
page done by a consultant when the CTO had not been onboard. After the CTO
was onboard, they built a client–server mobile application and evolve from it.
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Table 3 Adoption of Build–Measure–Learn loop

Hypotheses Actions Descriptions

People are interested in trusted
validated news

Build MVP1: a Facebook landing page describing
the business idea, a survey on pain points of
the existing news platforms. The MVP was
done in 2 weeks.

Measure Survey feedback on the satisfaction with the
new features.

Learn Hypothesis validated. News and photos should
not be uploaded but generated right in the
field.

People are willing to share
hyper-local news around them

Build MVP2: a single feature: post a news and view
the news in a map-view. The MVP was done
in 3 weeks.

Measure Amount of posts, types of posts in the apps.
Learn Hypothesis validated. A camera-ready button

helps user to engage in information sharing
via taking photos.

People are interested in sharing
news via an interesting sharing
mechanism

Build MVP3: an evolutionary prototype with the
new feature of live capturing photos and
simple text tagging.

Measure Qualitative feedbacks for test users.
Learn The camera button works, but it should have

an option to disable it due to energy
consumption.

The CEO has stated “Without Mr. Z, we would not be able to have the functional
MVP as we have today. He and his team have a competence of doing this.”

� Affordable loss: The CEO started the company with her thoughts “I have always
wanted to develop this idea. I think I can afford to take two years and invest X.
NOK to try this out. In the worst scenario, I will lose the money and I will be
back to the job market in two years.” The CEO accepted a certain amount of risk
as inevitable in all situations.

� Lemonade: QuickNews had developed a feature of taking photos for a post. It
was a difficult task as the customer (or early adopter) was not satisfied with the
developed feature. The team came up with an idea that the camera was put in
a holding situation when the post is initiated. This had led to the idea that the
product needs a feature of capturing a short video clip (this is done by putting the
camera into recording state instead of holding state). The feature is now one of
the core features of the platform.

� Crazy quilt: The journey of QuickNews is the path of building partnerships
rather than beating competitors. The CEO often takes her MVPs to the nearest
potential customer. Some of the people she interacts with making a commitment
to the venture, committing time and/or money and/or resources and, thus, self-
select into the new venture creation process. This was the way the CTO has joined
QuickNews and became a co-founder. This was also the way that Addresseavisen
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(a local newspaper) became a partner and helped QuickNews with organizing
events. This was also the way that Makerfaire (a local event organizer) became a
partner by adopting the platform to make reports from the events they arranged.

� Pilot in the plane: In QuickNews, the CEO pursued the work with things within
her control and people who want to help co-create it instead of attempting
to predict the future, determining the perfect timing, or finding the optimal
opportunity.

6 Bricolage

Another viewpoint on entrepreneurship is “Bricolage” [18]. Traditional economic
theory is based on an assumption of perfect financial rationality. This means that
if an entrepreneurial case is able to argue an acceptable return on investment, the
necessary funding to buy all the resources needed should be available in the financial
market.

An alternative understanding of entrepreneurship is starting with the fact that
for different reasons, most entrepreneurial projects are starting under an extreme
scarcity of resources. They may not be able to get the necessary funding, or
they may be unwilling to give away the control over the company that would be
the consequence of such funding. Therefore, they manage without funding and
utilize creativity and practical sense to reach their objectives rather than the strict
rationalism of traditional economic theories.

The theory of “entrepreneurial bricolage” aims at explaining what entrepreneurs
do when facing such resource constraints. Bricolage is defined as “making do by
applying combinations of the resources at hand to new problems and opportunities”
[18].

Their definition builds on three concepts from Levi-Strauss [37]. The first is:
“Making do,” where the entrepreneurs “always have to make do with whatever is at
hand.” This seems to be in line with the RBV. If utilizing existing resources is vital
for entrepreneurial success, having a good understanding of what these resources
are must be vital. Furthermore, the “combination and reuse of these resources for
new applications” is an important part of bricolage. Finally, Levi-Strauss described
“the resources at hand,” meaning that entrepreneurs gather physical artifacts, skills,
or ideas on the principle that “they may always come in handy,” rather than as a
part of a predefined plan [20]. The idea of this “artistic improvisation” seems to be
clearly related to the thinking behind effectuation. This is also related to the iterative
developments in the Lean Startup theory.

The entrepreneurs who engaged in bricolage tended to maintain a broad collec-
tion of tools, parts, and other physical resources for which no immediate need was
available. Over time, they found use for these resources. With respect to customer
needs and the market, the bricoleurs tended to serve anyone they could instead
of focusing on certain types of customers. Instead of maintaining a professional
distance to their customers, many bricoleurs had an informal approach to customers,
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in which the entrepreneurs and relevant stakeholders often formed a community
of friends. Baker and Nelsons proposed that applying bricolage in limited areas
(“selective bricolage”) may enable firms to grow, whereas excessive (“parallel”)
bricolage may lead to the opposite outcome.

Bricolage principles
Making do with whatever is at hand

Combining and reusing these resources for new applications

Gathering the resources at hand, as they may always come in handy

When the CEO of QuickNews started her company, she had to rely on limited
funding from the Norwegian state and an angel investor. Therefore, she had to make
do with the funding she had and started her project utilizing the existing people in
her network. For validating an interest of the local community on certain types of
news, the CEO needed a platform where people could post news and be notified.
Due to the limited budget and technical competence, she made use of the news
platform that she had access to in her old company. She also convinced a technical
person in her old company to help her to operate the platform. When she was able to
secure sufficient funding, she hired a development team to build her own platform.
Such a way of “making do” with the available resources shows signs of Bricoleur
behavior.

7 Business Model Innovation

Practical entrepreneurs in Scandinavia have been using different Business Model
Canvases (in particular the BMC) as a tool to develop their projects for quite
some time, and these canvases are the core of the communication between the
entrepreneurs and their different advisors. We think it is valuable to note that the
concept of Business Model Innovation goes further than utilizing Business Model
Canvases to analyze individual entrepreneurial projects. The whole process of
analyzing different projects, categorizing activities from these projects into different
element archetypes, and then using these archetypes to give better advice has been
a great contribution to the improvement of entrepreneurial projects.

Ritter and Lettl have done an extensive review of business model literature,
identifying five different perspectives on the term Business Modelling [38]: (1)
business-model activities is a description of the activities necessary to fulfill the
entrepreneur’s strategy; (2) business-model logic is a description of the value-
creation logic created by these activities; (3) business-model archetypes are exam-
ples of such logic, which are well known and proven, like the freemium–premium
models or recurring revenue models; (4) business-model elements describe the
business model logic as a subset of elements, like unique value proposition and
customer segments; and finally, (5) business-model alignment describes the way the
different elements interact with each other.
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So, Activities build value-creation Logic. These Activities can be categorized into
different Elements that must Align with each other. Some of these combinations have
been known as Archetypes.

Osterwalder et al. have a similar approach [20, 21]. They start with a definition:
“A business model is a conceptual tool containing a set of objects, concepts and
their relationships with the objective to express the business logic of a specific firm.
Therefore, we must consider which concepts and relationships allow a simplified
description and representation of what value is provided to customers, how this
is done and with which financial consequences” [21]. Next, they describe a set of
business model elements in what they call a “meta-model.” They then use these
elements to separate different taxonomies of types, which they compare to real
business models of real companies.

Zott et al. [22] introduce four core points that describe business models as: “(1)
a new unit of analysis that is distinct from the product, firm, industry, or network
(2) a system-level, holistic approach to explaining how firms “do business”; (3)
conceptualizations where activities play an important role, and (4) an explanation of
both value creation and value capture.”

Here it might again be interesting to focus on one individual word in the term.
The word model is defined as “a simplified description and representation of a
complex entity or process” [21]. One could think of an architect’s cardboard and
Styrofoam model (or computer simulation in 2019) of a building or a shipbuilder’s
small-scale model of a ship. The purpose of this is the ability to simulate changes
and improvements before needing to undertake the investment of building the object
in full scale. This seems consistent with how businesses actually use the business
model today. A business model is often used as a theoretical simulation of what
the entrepreneur wants to do with her business [39, 40]. The results from these
simulations are used to change the real business parameters. This means that the
business model can be used both to describe the business to external stakeholders,
and actually to change and improve it.

Around the change of the millennia, a number of such element-based platforms
were released, and over the next years, a set of second-generation platforms
came. To provide some examples, we will describe the elements of three different
platforms from 2005, 2010, and 2012, respectively. As a part of this, we are
going to discuss the logic of introducing the business idea or business mission to
separate between the External (customer-centric) and the Internal (entrepreneur-
centric) business model.

Morris’ Business Model setup consists of six elements [41]: How will the firm
create value? For whom will the firm create value? What is the firm’s internal source
of advantage? How will the firm position itself in the marketplace? How will the firm
make money? What are the entrepreneur’s time, scope, and size ambitions?

Osterwalder and Pigneur’s Business Model Canvas [21] is the most widely used
version of a Business Model structure. The canvas has nine segments or elements.
The first is the Customer Segment, in which you describe who your company creates
value. Then comes the Value Proposition, in which you describe what value the
solution brings to the customer. The Key Channels are describing how you contact
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customers and how you reach them. Customer Relations describe which type of
relationship you have through your channels. Revenue Streams describe how you
are paid. Key Resources are addressing what type of resources the company needs to
create value for the customer. Key Activities describe the activities you must yourself
carry out to fulfill the value proposition. Key Partners are allies who help to make
the value proposition possible. Finally, Cost Structures address the most significant
cost drivers in order to operate the business model.

The Lean Canvas by Ash Maurya has simplified the BMC [19]. His version is
different from Osterwalder and Pigneur’s in four ways; key partners are replaced by
problems, key activity with solutions, customer relations is with unfair advantage,
and key resources with key metrics.

Both models moved the general concept of strategy work in a new direction.
From a “Lean Startup” point of view, the advantage compared to traditional strategy
models, is the ability to absorb changes coming from the surroundings. If the
customer problem changes, the value proposition should change. Both canvases
allow you to see this, and immediately change all the other boxes to fit the new
value proposition.

Finally, we want to argue that there is a strong relationship between business
models and business ideas or business missions [42]. The business mission consists
of the answer to three questions:

• Key Market: “Who are your customers and target group?”
• Key Contribution: “What do you do for this customer?”
• Distinction: “Why does the customer choose you?”

This creates a logical separation between the internal and the external elements
of the business model. Whereas the external business model should see the world
from the customers’ viewpoint and describe what the entrepreneur should be doing,
the internal business model (the traditional business model) describes how the
entrepreneur should organize his/her activities. Using both these terms makes it
easier to separate between the problem you should solve and the solution to this
problem.

Business model innovati on
Business modelling is a process deriving normative models of 

entrepreneurship from experience. 

Three famous represent-actions of a business model are the Morris 

model, the Business Model Canvas, and the Lean Canvas.

The BMC model had been selected to capture the business model at the
beginning of QuickNews is shown as in Fig. 4. We see how this is an integrated
description of the relevant business elements of QuickNews. Each element of the
canvas has also evolved over time, as the team has gained experience with what
works and what does not work.
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8 The Lean Startup Movement

The Lean Startup Movement [24] draws heavily on Shane and Venkataraman [10].
But, instead of looking at one nexus between the entrepreneur and the opportunity,
their approach is that an entrepreneurial process is a constantly changing dynamic
between opportunity and entrepreneur. The three questions:

• Why, when, and how opportunities for the creation of goods and services come
into existence?

• Why, when, and how some people and not others discover and exploit these
opportunities?

• Why, when, and how different modes of action are used to exploit entrepreneurial
opportunities?

are central in the Lean Startup methodology. The only way the use differs is
that the three questions can be seen as a systematically iterative process where the
questions are asked over and over again, while the answers are being constantly
improved upon. The Lean Startup theory is that it is difficult to make long-term plans
and objectives given the extreme uncertainty in entrepreneurship. Succeeding with
entrepreneurship can be done by treating every entrepreneurial project as an ongoing
experiment while utilizing as few resources as possible. This means working closely
with customers [23], creating small and inexpensive experiments [24], and then
trying to “fail fast” by trying out the riskiest actions first [19].

This iterative development builds on existing resources, in particular on the
core competence of the business. The approach is rooted in Effectuation, as it is
describing processes where the objectives are being developed as the projects take
shape, and where the method is explorative and creative rather than analytical. It
also seems to be covering all the three of Levi-Strauss concepts of Bricolage [38].
A Lean Startup company most often has to make do with “whatever is at hand.”
They constantly have to “recombine and reuse resources for new applications” and
“gathers resources that may come in handy, rather than as a part of a pre-defined
plan.” The Lean Startup movements also draw heavily on Business Modelling,
where in particular the Business Model Canvas is an integral part of the model.
This link between Bricolage, Effectuation, and The Lean Startup Movement is also
described by Ghezzi: “With regards to the logic behind entrepreneurial behavior,
the entrepreneurs showed how adopting and implementing LSAs (Lean Startup
Approaches) drove them to take an “effectual” or “bricolage” stance on many
occasions, underscoring how these logic are, in essence, connected to LSAs’ main
steps and constituting elements” [43].

Another approach and toolkit that are gaining increased traction and widespread
application is the IDEO-inspired Design Thinking Method [44], as it is spreading
from Stanford University’s d.school since the mid-2000s [45]. Founding on human-
centered design principles, aka needs, Design Thinking tools guide the designer
(business and technical developer) in iterative cycles through five overlapping
phases [45]:
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• Empathize: Empathy is the foundation of human-centered design. The problems
you are trying to solve are rarely your own, they are those of particular users.
Build empathy for your users by learning their values.

• Define: The define mode is when you unpack your empathy findings into needs
and insights and scope a meaningful challenge. Based on your understanding of
users and their environments, come up with an actionable problem statement:
your Point Of View.

• Ideate: Ideate is the mode in which you generate radical design alternatives.
Ideation is a process of “going wide” in terms of concepts and outcomes a
mode of “flaring” instead of “focus.” The goal of ideation is to explore a wide
solution space both a large quantity and a broad diversity of ideas. From this vast
repository of ideas, you can build prototypes to test with users.

• Prototype: Prototyping gets ideas out of your head and into the world. A
prototype can be anything that takes a physical form a wall of post-its, a role-
playing activity, and an object. In early stages, keep prototypes inexpensive and
low resolution to learn quickly and explore possibilities.

• Test: Testing is your chance to gather feedback, refine solutions, and continue
to learn about your users. The test mode is an iterative mode in which you place
low-resolution prototypes in the appropriate context of your user’s life. Prototype
as if you know you are right but test as if you know you are wrong.

Design thinking methods help ensuring that a new product but also services and
software [46] is truly needed and wanted, and its specifications and processes fit the
actual user demands. It thus increases the potential for market success.

Many startups adopt the lean startup idea in their own ways. For software
development, it is common to realize the Build–Measure–Learn loops as develop-
ment iterations. In QuickNews, lean startup methodology is realized by a continuous
process of testing business hypotheses based on Scrum. For each iteration, the CEO,
CTO, and relevant software developers did a Sprint planning meeting that defined
a business hypothesis. MVP was created in the Sprint to validate the hypothesis.
While it is straightforward to perform the Sprint, it takes time for the CEO and
CTO to consolidate lessons learned from each Sprint. We illustrated for three Build–
Measure–Learn loops as the result of a postmortem analysis as shown in Table 3.

9 Conclusions

Since the release of Shane and Venkataraman’s famous article “The promise of
entrepreneurship as a science” in 2001, a host of new and modern publications
have come out describing an entrepreneurial persona or archetype. This persona is
behaving radically differently from the rational financial actor in classic economics.

Firstly, the entrepreneur is most often starting with a resource view rather than
a market view [33]. This means that the starting point of entrepreneurship is to
“find and exploit opportunities” based on entrepreneurs’ own skills, assets, and
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network rather than looking for opportunities based on imperfections in the market.
Secondly, the entrepreneurs’ main tools seem to be the creativity of effectuation
rather than causal analysis. The entrepreneur starts with only a broad set of overall
personal values rather than a clear rational objective, and more often a starting
point for improvisation than a clear plan. Instead of access to unlimited resources,
the entrepreneur has to “make do” with what he has and find ways to reassign
resources to new and creative applications. Finally, the entrepreneur manages with a
loose and constantly changing business model rather than an iron-clad strategy and
business plan—and that business model goes through a series of build–measure–
learn iterations to constantly improve on the entrepreneurial project. This paints a
picture of a creative improviser rather than a rules-bound rational actor. We seem to
be playing Jazz instead of Symphonies.

And these articles have often not been satisfied with quietly describing how
an entrepreneur does behave. They are often suggesting how entrepreneurs should
behave. The suggestion is that in many instances building business based on the
company’s core competence is a good idea. The same goes for basing the project
on a RBV. The analysis is that acting according to the models of Bricolage and
Effectuation in many instances will increase the success rate of entrepreneurs.
Business modelling and Lean Startup certainly suggest their models as normative
structures.

This consequently might be a part of bridging the gap between academics and
entrepreneurs. If we viewed these different normative suggestions together, there
may be a basis for getting closer to answering Shanes’ quest for a subset of
entrepreneurial subprocesses.

We of course do not claim to cover the total range of entrepreneurial theory
written in our millennium. Over the past two decades, a number of different
theoretical perspectives have emerged to describe the logic and behavior under-
lying the entrepreneurial process. While it would be interesting to link all recent
entrepreneurial theories, this work focuses on six fundamental pillars of theory that
are often used by entrepreneurs and their advisors, namely RBV and core compe-
tence; effectuation and causation; bricolage; entrepreneurial opportunities; business
model innovation; and lean startup. They are all grounded in the Opportunity-Based
Entrepreneurship theory, and the Resource-Based Entrepreneurship theory.

As mentioned by Kurt Lewin, “there is nothing more practical than a good
theory” [47], we believe that entrepreneurs benefit from the awareness of these
entrepreneurial theories and understanding how they can be connected not only
to business decisions but also to engineering activities. Entrepreneurs can apply
these principles and recommendations to appropriate circumstances during their
entrepreneurial journey. For researchers in the entrepreneurship area, this is also
among the attempts bringing the thick body of knowledge in the field to practical
and technological domains.
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Pivoting in Software Startups

Sohaib Shahid Bajwa

Abstract To be able to handle intense time pressure and survive in dynamic
markets, software startups make critical decision constantly on whether to change
directions or stay on chosen path. This is known as to pivot or to persevere
in terms of lean startup. Pivot is an essential and crucial activity for software
startups to initially survive, and then grow and eventually obtain a sustainable
business model. We find several examples of software startups (Twitter, Instagram,
etc.) that successfully pivoted during their entrepreneurial journey and became
successful software companies. There is a lack of empirical evidences on why
and how software startups make pivots. This chapter provides reader a better
understanding on pivots, different types of pivots, and factors that trigger pivots.
We employ case study and case survey methods. The results show that customer
need, customer segment, product zoom-in, and technology pivots are the major types
of pivots software startups have made. We also identify several new pivot types
including market zoom-in, market zoom-out, complete, and side project pivots.
Negative customer reaction and flawed business model are the prominent factors
triggering pivots. The findings provide practical knowledge to software startups and
practitioners, which they can utilize to better understand and perform pivots.

Keywords Software startup · Pivot · Empirical study

1 Introduction

Most of us are aware that Twitter is one of the famous examples of a successful
startup. It is a very popular microblogging platform. Only few people are aware
that it was originally started as a podcast service provider back in 2005 [1]. Another
example of a startup is Instagram. Initially, it was a social check-in application called

S. S. Bajwa (�)
University of Calgary, Calgary, AB, Canada
e-mail: sohaibshahid.bajwa@ucalgary.ca

© Springer Nature Switzerland AG 2020
A. Nguyen-Duc et al. (eds.), Fundamentals of Software Startups,
https://doi.org/10.1007/978-3-030-35983-6_2

27

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-35983-6_2&domain=pdf
mailto:sohaibshahid.bajwa@ucalgary.ca
https://doi.org/10.1007/978-3-030-35983-6_2


28 S.S. Bajwa

Burbn, combining feature of a Foursquare (a photo share app) and a game called
Mafiawars [2]. Now it is a popular photo- and video-sharing social networking
service. These examples show that even famous startups struggle to get their product
or business right immediate, and do not end up with what they initially started.

Startups need to produce cutting-edge products and grow rapidly under the con-
dition of extreme uncertainty. It imposes different challenges that are very diverse
in nature and can be related to product, finance, market, or about the entrepreneurial
team itself. Developing cutting-edge product, defining a minimum viable product
(MVP), acquiring first paying customers, and building entrepreneurial team are
some of the significant challenges that software startups face [3].

In order to address these challenges, and eventually obtain a sustainable business
model, startups change their direction relentlessly. This change in direction is
termed as “Pivot” in Lean Startup approach [4]. According to Ries [4], “A pivot
is a strategic change, designed to test a fundamental hypothesis about a product,
business model or engine of growth.”

It is observed that startups avoid pivoting when needed which leads to failure
as described in [5]. It is also a most frequently occurring commonality among
different successful startups [4]. Pivot is essential for a startup to survive, grow,
and eventually obtain a sustainable business model. Flickr also provides one such
example where startup pivoted and became a successful company. Flickr used to be
an online multiplayer role-playing game rather than a photo managing and sharing
service [2].

Pivot is arguable one of the key elements of any software startup. However, there
is little rigor and relevance existing in the literature regarding software startups and
especially about pivots, due to the emerging nature of startup research [6, 7]. There
is a scarcity of empirically evidenced knowledge on pivoting in software startups,
especially what trigger software startups to pivot, how and why they make certain
pivot decisions, and how they actually pivot.

In order to address the knowledge gap in research, we formulate the following
research questions:

• RQ1. What are the factors that trigger software startups to pivot?
• RQ2. What are the different types of pivots software startups have made during

their entrepreneurial journey?

This chapter primarily addresses this knowledge gap by providing researchers
and practitioners with empirical evidences on different factors triggering pivots
and the types of pivot startups face, increasing the chance of achieving startups
objectives.
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Main findings
Startups pivot more than once: In order to survive, grow, and 

eventually obtain a sustainable business model, startups pivot more 

than once. 

Most occurring type of pivot: Pivots can be of many types, 

however, customer need pivot is the most common type of pivot. 

Other types of pivots: Pivot can be related to product too such as 

product zoom-in and zoom-out.

New pivot types: Complete, side project, and team: The empirical 

evidence also proposes new pivot types—complete pivot, side  

project, and team pivot. 

Negative customer reaction: Negative customer reaction is the 

major triggering factor causing software startups to pivot. 

More than one factors triggering pivot: It is also possible that 

there are more than one triggering factors involved in pivoting.

2 What Researchers Say About Pivot?

This section presents different definitions presented in literature about pivot and
also describes the characteristics of pivots. Different models of software startups’
evolution are also discussed. It also presents the work related to pivot types.

2.1 Definition and Characteristics of Pivots

It is not clear from the literature who initially invented the term, Pivot. Ries
described pivot in his book [4] and from there it gained popularity. Ries used the
analogy from the basketball sports, where pivoting player keeps one foot planted,
while moving the other. Startups also exhibit a similar behavior.

Many people generally believe that pivot is synonym of change; however, this
understanding is not correct. Pivot is not just about introducing any change and
making any decision. Ries defines pivot as a special kind of change designed to test
and validate the assumptions about a product, business model, and the engine of
growth [4]. Bajwa [8] defines pivot as:

A strategic decision which leads to the significant change to one or more, but not all,
elements of a startup: product, entrepreneurial team, business model or engine of growth.
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It is to note that when all of these elements change at the same time, it is not
considered a pivot but starting a completely new and different business.

Software startups pivot to avoid wasting critical resources. Pivot allows a startup
to spend its energy and limited resources to pursue the direction that is most
promising to create business value and eventually leads to a sustainable business
model.

2.2 Possible Models of Startup Evolution and Pivots

A software development model for early-stage software startups helps software
startups in their decision-making, e.g., when to abandon an idea or when to move
forward with this [9]. However, the model does not provide much information
about pivots. There is another evolutionary model for early-stage software startups
proposed that highlights the significant pivots that software startups have taken
during their entrepreneurial journey [10].

Pivoting decision and architecture decisions can be combined too as described in
[11]. The study presents the similarities and differences between these two types of
decisions: pivoting decisions and architecture decisions. Risk is one of the common
triggering factors in making a decision both about pivots and about architecture. In
a story of a software startup which pivoted, the story described the failures of the
startup, the lesson learned, and how the startup pivoted to develop a new product
which eventually got the attention of the medium and large enterprises [12].

A co-relation exists between types of pivots and different phases of startup’s
life cycle. The authors present that pivot can occur at any stage during a startup’s
life cycle. Therefore, it is important to study pivot at different product development
stages [13].

2.3 Software Startups and Types of Pivots

There are couple of studies conducted to understand the types of pivots. In one such
study, authors present the relationship between different pivot types (product zoom-
out, customer segment, business architecture, etc.), and how they affect the different
parts of the lean canvas model [14]. In another study, authors provide an overview
of how leading software companies, e.g., Twitter, Google, and Facebook pivoted
historically. The conclusion is that most successful startups have made multiple
pivots during their journey [15].



Pivoting in Software Startups 31

2.4 Role of Minimum Viable Product and User Experience
in Startups

There are several other studies conducted to explore different concepts that are
associated with pivots. For example, Münch et al. [16] describe the industry–
academia collaboration to create MVP. Moreover, there are several studies recently
conducted to explore user experience in software startups [17, 18].

3 Our Methodology

We employ case survey and case study methods to explore pivoting in software
startups.

Case Survey Firstly, we conducted case survey method to identify different
triggering factors causing pivots and the types of pivots. We used secondary data
available online for the purpose of data collection of our case survey study. There
are several sources of secondary data such as magazines, census, blogs, and reports.
The advantages of using secondary data are that data collection process can be
inexpensive and fast [19]. When used with care and diligence, secondary data can
provide an efficient way of getting initial understanding about the questions under
investigation. It is also often helpful in designing subsequent primary research
and can provide a baseline with which to compare the primary data analysis
results [20]. We adopted Systematic Literature Review (SLR) guidelines presented
by Kitchenham [21] to ensure our data collection and analysis process is more
systematic and reliable. The implementation details, how we conducted the data
collection, and analysis process can be found in [8].

Case Study Case study approach is defined as “an empirical inquiry that investi-
gates the contemporary phenomena within real-life context” [22]. The case study
was performed to identify the factors triggering pivots and the types of pivots.
We selected seven software startups, pivoted during their entrepreneurial journey.
We conducted two rounds of semi-structured interviews for the purpose of data
collection. All the interviews lasted from 30 to 60 min. The interviews were
transcribed verbatim for analysis purposes. Each interview involved at least one
of the founders who were part of pivot decision-making process and knew the
entrepreneurial journey of the startups. We performed both within case analysis and
cross-case comparisons for data analysis purpose.
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4 Results

The chapter describes in detail the results about work related to pivoting in software
startups. In the first section (Sect. 5.1), case survey results are discussed, while the
second section (Sect. 5.2) describes the results of the case study.

4.1 Case Survey Results

We included 49 software startups in our case survey study. These startups came
from all over the world; however, majority (37 startups) is based in the USA while
four are from Canada. There were two startups from Israel, while the other four
are located in the UK, Australia, New Zealand, and India. We could not get the
information about two companies’ geographical location.

Following are the major business domains:

• Social networks (30.61%)
• E-commerce (24.44%)
• Finance and business (12.24%)

More contextual information about 49 software startups included in our study
can be obtained in [8].

We analyzed the data obtained from 49 software startups. We were mainly
looking to identify the factors triggering pivot in software startups and the pivot
types. Table 1 describes the triggering factors, internal or external, its description,
and # of pivots caused due to these particular factors.

The major pivoting types identified in the 49 cases are listed in Table 2, organized
under the dimensions of “product,” “market,” and “others”. (Note that our findings
did not reveal any pivot that can be classified as financial or team related pivots.)
One pivot instance is classified under one pivot type only.

Next, we discuss different pivot types with an illustrative example of a startup.

Product—Zoom-In Pivot Flickr provides an example of a zoom-in pivot. It
originally started as an online massive multiplayer role-playing game called Game
Neverending. However, it failed to attract the customers’ attention. The game had a
feature that provided a photo-sharing tool to allow players to share photos and save
them on a webpage while playing. This turned out to be the most popular feature
of the game. The founders decided to leverage this popularity and pivoted toward a
photo-sharing application now known as Flickr.

Product—Technology Pivot Wix initially started as a Flash-based website builder
before 2011 when Flash was the best option available for website development.
With the emergence of smartphones, mobile devices, and HTML5, Flash was not
anymore a viable option for their business because of poor performance with
the smartphones. Due to this reason, Wix pivoted toward providing the website
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Table 2 Major pivot types in the software startups

Dimension Pivot type Pivot instances (#)

Product Zoom-in: a single feature becomes the whole product. 7
Technology: the same solution using different technology. 5
Platform: a product becomes a platform or vice versa. 3
Zoom-out: a whole product becomes one feature of a larger
product.

2

Market Customer need: switching to a different problem that
customers have.

17

Customer segment: switching to a different customer
segment than the one originally conceived.

6

Channel: finding a more effective way to reach the
customers

1

aZoom-in: Focusing on one specific market sector rather
than the whole market.

1

Others aComplete: Significant change in product, market, and
financial dimensions but the entrepreneurial team remains
the same.

11

aSide Project: A different business idea parallel and
unrelated to the main project becomes the main project.

2

Total 55
aNew pivot types

development platform using HTML5. Technology challenge was the triggering
factor.

Product—Platform Pivot Platform pivot can be bidirectional by definition, either
from a particular product to an underlying platform or vice versa. appMobi pivoted
from product to platform. appMobi, originally called Flycast, pivoted from a mobile
app for iPhone, Blackberry, and Android to a set of tools that support cross-platform
development of mobile apps.

Market—Customer Need Pivot Yelp and Hopper are the two startups that
discovered real customer needs due to the unanticipated use of their products by
users. For example, Yelp intended their emailing system to be used by users to
connect with others for recommendations about local businesses. However, the
users started to use the system to write reviews about the local business. This
emergent new mode of using the system soon caught the attention of the founders,
through which they identified a different yet more promising need to be addressed,
and pivoted toward providing reviews about local businesses.

Market—Customer Segment Pivot Groupize is a representative case of market—
customer segment pivot. It originally targeted at consumer business by generating
demands through creating white-label agreements with multiple travel agencies.
They were unable to compete with their competitors in the travel management
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service areas, and hence shifted their focus toward providing a group meeting
solution for hotels, meeting planners, and travel management companies.

Market—Channel Pivot Site59 presents an example of channel pivot. Their initial
idea was to create mini-vacation packages by combining last-minute deals from
different air travel, hotel accommodation, and other travel-related services and
websites. However, the idea did not go viral as they expected, and the customer
acquisition rate was very low. One of the investors suggested Site59 to change
the distribution channel to reach customers, using the business-to-business-to-
consumers (B2B2C) model. Following the suggestion of their investor, Site59
pivoted the channel to reach their customers and their new service was to prepare
last-minute vacation packages for different airlines and vacation portals.

Market—Zoom-In Pivot >Ignighter is an interesting case of such a pivot. The
primary aim of Ignighter was to develop a dating website for different US users
mainly. The founders expected to receive positive response from the USA, their
home market. Unexpectedly, the idea got promising attraction from customers in
Asian markets, especially in India. The founders carefully analyzed the demo-
graphic data, and identified the promising user growth in India as compared to any
other country. As a result, the founders decided to focus on this market segment
only and made the pivot to officially become Indian dating site.

Complete Pivot A complete pivot is a pivot when an entrepreneurial team has to
come up with a new and innovative idea after their initial product/idea was failed or
outplayed due to different factors, e.g., big companies started working on that idea
and attracted their niche markets as they had more resources. This pivot implies
significant changes in many aspects of a startup, including product, targeted market,
and finance. The only unchanging element is the entrepreneurial team that carries
on the learning from the past experience to set the new directions.

Twitter is a representative case of complete pivot. It was initially started as Odeo,
a podcast service to allow sharing and recording of different podcasts. Then Apple
iTunes started to fill this gap as they had more funds and resources, leaving behind
the Odeo service. Odeo founders were unable to compete with Apple iTunes; the
startup team did brainstorm to do decide what to do next and found a new direction
called Twitter.

Side Project We define Side Project as it is a special kind of project that runs
parallel to the main project of a software startup, but may be based on a different
even unrelated business idea and target at a different set of customers. Groupon
is a famous example of side project pivot where side project outshines the main
one. Groupon initially started as “The Point”: social campaigns to collect funds
for good causes. Campaigns were only successful when a certain tipping point was
reached. However, this project did not get much user traction, and there was no clear
revenue model. Due to these factors, it became very difficult to generate sufficient
revenue from this idea and to achieve breakeven. However, the side project the team
started in parallel, using the same tipping point but for group buying and local deals,
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attracted more users. Eventually, the side project took off and it has now become the
daily deal website famously known as Groupon.

Multiple Pivots It is possible that startups do multiple pivots during their
entrepreneurial journey. Instagram and Retention Science provide examples of
multiple pivots. Take an example of Retention Science. It initially started as
providing independent artists a platform where they could promote niche brands and
products via social media. Although the founders contacted different channels such
as working with YouTube celebrities, sponsoring local concerts, but their business
proved to be unscalable. They also discovered that the customers were reluctant
to appear as sellout by promoting different brands. The unscalable business and
negative customer reaction triggered their first complete pivot. They pivoted toward
providing a social media-based analytics and referral platform for e-commerce
businesses. The second complete pivot happened due to the competitors. The
founder discovered that there were many well-funded startups already working in
the same area, and there were little chance that they could acquire the funds to
compete and become successful. Without funding, they could not accelerate their
product development and increase user growth, and hence unable to compete with
their competitors. Due to these triggering factors, they pivoted completely again
toward a retention automation platform that used artificial intelligence techniques,
to engage customers and increase customer retention.

4.2 Case Study Result

We selected seven software-based startups that were at different product develop-
ment stages from concept to mature product. All of these seven startups pivoted
during their product development. The contextual information and case description
can be found in [23].

The summary of the pivots that occurred in these seven software startups includ-
ing pivot types, factors causing pivots, and the corresponding product development
stages is presented in Table 3.

Startups make pivots while they are at the conceptual stages or have very
limited customers. Team pivot and market—zoom-out are two new types of pivots
identified. It is also possible that multiple pivots occur instantaneously.

Team Pivot Team pivot was also manifested in the case of Hooka. While devel-
oping the working prototype in 2011, during an investor meeting where they
were supposed to presenting their prototype, they failed to give the demo of their
prototype because it did not work. They changed their whole development team,
and hired new professionals who could develop.
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5 Conclusion

This section discusses the pivot types and factors triggering pivot. It also includes
the implication of the results to practitioners.

5.1 Major Pivot Types

Retention ScienceCustomer need pivot (17 out of the 55 pivot instances) is the
most common pivot type identified in case survey. This is not surprising in the
sense that it is consistent with the nature of a software startup. While working with
highly dynamic environment, rapidly changing technologies and pressure to develop
innovative products, software startups strive hard to identify and solve the real and
unique customer problems that are worth solving. In order to better understand the
real customers’ problems, software startups need to pivot relentlessly. From the case
survey study, we see that Yelp pivoted subsequently according to different customer
needs they discovered.

In the course of better understanding the market, software startups often discover
that even though the problem they want to solve is real, it is not the problem of the
customer segment they have initially thought. Six pivot instances made the customer
segment pivot, the second most common market-related pivot type that our case
survey study has identified. It is possible that startups are solving a real problem;
however, their initially perceived customers may not be interested in that problem.
The challenge for startups is that they may not know their future customers in
advance, and risk spending too much time and resources to come up with a product
that fails to achieve product/market fit. However, this learning from failure can be
helpful to identify new targeted customers and then pivot toward them as mentioned
in DocMine and OneWeb.

Pivots specifically related to product are also important. Seventeen pivot
instances in our case survey sample are related to product. Software startups have to
reconsider their products and different features in order to find the problem/solution
fit and/or product/market fit. This often leads toward product-related pivots.
Among different product-related pivots identified by study, the zoom-in pivot is
relatively more common than other product-related pivot types. It often happens
that customers are more interested in one or two particular features rather than the
whole product. Pinterest and Flickr are good examples of product zoom-in pivot.
Ideally, instead of wasting resources and building a complex product with lots of
features, it is better to focus on one feature that actually gained the attractions of
the customers and build it first. However, it is not easy to understand which can be
the valuable feature to build first. MVP can be helpful in this regard. By building
MVPs, entrepreneurs have an initial set of features that are appreciated by their
initial users.
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The opposite of product zoom-in pivot is product zoom-out pivot, which reflects
the need for achieving the problem/solution fit. It is possible that software startups
have identified the right set of problems, but their products are still incomplete.
They need to expand their solutions to add more features as manifested in the case
of Hooka.

Another important product-related pivot type is technology pivot, second most
common within the product dimension, which reflects the role technology plays in
software startups. Dynamic and rapidly changing technologies are always challeng-
ing for software startups as they are prone to technology pivots due to the fact that
they are building technology-intensive products. Often technology pivots are driven
by the need of software startups to be always at the cutting-edge of technological
advancement. This is manifested in the cases of ClubNet, EasyLearning, TicketGo,
Wix, and Instagram.

In order to support their products and make solutions complete, software startups
often develop both products and supporting platforms. In addition to supporting the
core product, sometimes it happens that the platforms solve larger problems than
their original products do. Therefore, platform pivots are desired. appMobi is one
such example. It is also worth mentioning that platform pivots can depart from a
hosting platform to specific products running on the platform. However, we could
not find evidence in our case collection. It is possible that this direction is not as
frequent as the product to platform direction.

In terms of the scope of change and the amount of effort and resource, complete
is the most demanding pivot. This is a new pivot type identified in our study. It is the
second most common among all pivot types (11 out of 55 pivot instances). We term
it complete pivot since it is related to almost all the aspects of a startup, including
product, market, and financial, with only the original team as the rooting element
in the pivot, which ensures that the learning from previous failing experience is
maintained and startups learn from those failed experiences. Famous companies
such as Twitter went through significant changes in their business during their
entrepreneur journey before they found successful and sustainable business model
to scale.

Among the newly identified pivot types, side project pivot is another interesting
new pivot type. Even though working under a highly pressurized and extreme
chaotic environment, many software startups may decide to run one or more side
projects simultaneously. These side projects are generally not related to their core
ideas. We define side project as it is a project that runs parallel to the main project,
but may target at a different set of customers. These side projects may become main
projects when outshining them. Groupon is a good example, initially started as a
side project.

The third new type is market zoom-in pivot, which is demonstrated by the
Ignighter case. It is a reflection of striking the product/market fit. It is often
suggested that, to start with, a startup should find its focus and niche market,
identify the early adopters of their product. This type of pivot shows the need to
do so.

Another finding worth mentioning is multiple pivots which can happen either
simultaneously or separately. Some pivots may be closely linked and there is a
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possibility that chain reaction occurs, which means one pivot triggers several other
pivots, known as “the domino effect” [14]. Instagram is one such example. One
startup may have several pivots spread across their courses of development too,
which is revealed in the case of Retention Science (two separate complete pivots).
This indicates the importance of constantly checking and correcting the directions
until a startup obtains a sustainable business model.

In [3], authors reveal that building an entrepreneurial team is one of the
prominent challenges for software startups. As a response to this challenge, the
entrepreneurial teams go through significant changes in team composition. This kind
of pivot is termed as a team pivot. The change can be related to the inclusion of a
new key member (e.g., co-founder) or having a new development team completely.
Both Hooka and DocMine evidenced team pivot during their journeys.

5.2 Factors Triggering Pivots

The majority of the triggering factors are external factors. It means events that
are occurring beyond the control of a startup. This implies that for many of the
studied startups, major pivots they made were primarily a reaction to what happened
externally rather than purposefully design change as suggested by Ries’ definition
of pivot [4].

Negative customer reaction is the most common factor triggering software start-
ups to pivot. Slow user acquisition, limited user retention rate, and no growth are
some manifestations of negative customer reaction. In the case of Dicy, the startup
reacted to negative customer reactions and pivoted accordingly.

In order to come up with innovative and cutting-edge products, software startups
have to compete with other competitors, especially with big companies. These
big companies have much more resources in terms of skilled people and funds
than what software startups can wield. Due to these resources, they can develop
innovative products rather quickly as compared to startups. Twitter stumbled upon
this challenge when their initial idea of offering podcast services was taken by
Apple who then outplayed Twitter with the launch of iTunes. Twitter pivoted
drastically.

Software startups is known for being heavily influenced by stakeholders and
investors [7]. The suggestions from the investors/mentors/partners significantly
affect the development processes of software startups, and they may eventually
change their course. It is probable that a software startup has a good technological
and innovative idea, but their investors, mentors, or partners have a different vision,
which affects the overall direction of the startup. Site59 is a good example of this.

Meanwhile, our case survey findings also reveal that a flawed business model is a
significant internal factor that triggers software startups to pivot. Scaling a business
that has flaws in their business model, or in other words, “pre-matured scaling” [5],
may lead to the eventual failure of a startup. It is very crucial to first correct your
business model especially before doing scaling. Software startups may avoid failure
by identifying the flaws in their business model earlier and pivot accordingly. There
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are some indications of flawed business models such as low or no revenue, or high
acquisition cost. It was demonstrated in the cases of Groupon.

There is no linear and one-to-one mapping between pivot types and factors
triggering pivots. It is difficult to conclude that a certain pivot type is always due
to a specific triggering factor. Unanticipated use of product by users is a factor that
triggers Pinterest to product zoom-in pivot, while in the case of Yelp, the same factor
causes it to pivot to different customer need.

Lack of competencies (identified by case study) is one factor causing software
startup teams to pivot, as exhibited in the case of Hooka. They fired their whole
development team because of a lack of technical skills, hired new professionals, and
developed the product from scratch. It is also possible that one of the co-founders
initially left and later on joined. DocMine evidenced the team related pivot, when
their co-founder, who earlier left, came back and rejoined the team.

There is a debate that how software startups are different than any other startup.
Our findings clarify this debate and allow us to reflect upon the role of the unique
nature of software product plays in software startup pivoting. For example, due
to the flexible and modifiable nature of a software product, product zoom-in and
zoom-out pivots should be relatively easy to implement for software startups than
for startups that produce physical products, such as hardware or medical devices.

5.3 Implications

Our findings have direct implication for software startup practitioners. The empirical
evidences from the findings suggest that software startup teams should collect
maximum knowledge while living in chaotic and uncertain situations. Considering
the chaotic, dynamic, and unpredictable environment of software startups, the
validated learning will be crucial to driving business and product decisions in
order to proceed in the right direction. They should use their previous experiences,
learning from failures and then set the direction to become a successful software
company.

Our findings also help startup practitioners to make informed decision. Both
the identified pivot types and triggering factors can be utilized by startups to
make more informed decisions on when and how to pivot. It also implies the
use of different metrics to track customer reaction, product usage, etc., to support
informed decisions regarding pivoting. It is very crucial to get the actionable
metrics, especially in the case of product zoom-in pivot, where data analytics can
help to identify the usage of different features. We should not spend time and
energy in collecting metrics that we cannot use or that has no value. One can identify
the most frequent features used by users and then make product simpler and at the
same time, focusing on the most usable and valued feature.

Software startups generally work on one product idea at a time. However,
our findings show the importance of side project. Our study provides empirical
evidences that there are software startups that have side projects, and their side
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projects become more successful than their main projects. However, we need more
evidences to make side project a norm for software startups. We suggest that it is
arguably beneficial to have a side project parallel to the main product development
project, taking into consideration of running two projects in parallel.
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Yes, We Can! Building a Capable Initial
Team for a Software Startup

Pertti Seppänen

Abstract Startup companies are based on the founders’ innovations and visions
of new business opportunities. Software startups are commonly considered as
especially innovative. Besides the importance of the innovation and business vision,
in the early stages of the startup, the initial team plays a key role in transforming
the innovation into a product or a service. At the same time, software startups are
often small, immature companies with very limited resources. That highlights the
importance of the initial team’s capabilities to address the challenges of product
development from the innovation—the knowledge, experiences, skills, and other
cognitive abilities. In this chapter, we present the results of studies on the initial
team’s capabilities from the viewpoint of the product development, planning,
designing, implementing, and verifying the targeted product or service. The studies
were conducted on a group of 13 software startups in Italy, Norway, and Finland.
The studies revealed that from a group of very heterogeneous software startups a
generic structure of the initial team could be identified, consisting of three different
roles, each having a specific set of responsibilities and capability needs. This team
structure provides a software startup with a balance between the team’s capabilities
and problems and challenges to be solved during the early product development
process. In addition, we present the sources of the needed capabilities, the initial
knowledge, experience, and skills of the founder, and broadening and deepening the
initial capabilities by validated learning and by growth toward the identified team
structure.

Keywords Software startup · Initial team · Product development · Product
development process · Capability needs · Building teams · Learning by doing
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1 Introduction

A software startup’s ability to transform innovation to a product or a service is
largely affected by the challenges it faces during its early stages, such as time
pressure, a small and inexperienced team, dependency on a single product, and
general lack of resources [1]. Besides the business value of the innovation, it is
crucial that a startup can acquire the knowledge, skills, and capabilities needed to
create a product on the innovation.

The existing research on the experiences, skill, and knowledge in case of startups
have been focused on the founder and her capabilities [2–4], publishing partly
conflicting findings. In the prior studies on the software development work startups,
such areas have been addressed, as the life cycle phases [5, 6] and the ways how
the startups utilize the established software development methods [7, 8]. Research
on the capabilities of the whole team, how the capabilities are acquired, and how
they reflect the internal structure and roles of a software startup is, however, scarce.
To fill up the research gap, a series of studies were conducted addressing software
startups from those less-studied viewpoints.

What is a startup?
A startup is an innovation mission
A startup is a demanding mission
A startup needs a team that can realize the innovation to a 
business case

2 Prior Research

This section summarizes the prior research into the challenges of software startups
and capabilities and roles of their initial teams.

2.1 Prior Research on Software Startup Challenges

A startup faces many challenges from the viewpoint of the initial team’s capabilities.
The innovation itself may be immature and need changes and adjustments [9, 10].
Recent developments in technology and entirely new user preferences may force
rethinking of the business case, sometimes over a longer time [11]. In addition
to that, the initial team has many times lacking capabilities in addressing the
challenges. The initial team is typically characterized by phenomena that clearly
decrease its capabilities [1].
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At the same time, the working environment is characterized by phenomena that
really make things difficult even for more capable teams [1].

Balancing the above challenges and building a team that is capable in creating
viable prototypes and final products out of the innovation is a key success factor of
an early software startup.

2.2 Prior Research on Capabilities

The founder lays the basis of the initial team’s capabilities [2, 3]. Lots of scientific
work have been targeted on the founder, her characteristics, and the ways how
she gets and creates her innovations. A characteristic feature of a software startup
founder is that she is alert of business opportunities that appear within her sphere
of influence or she is able to identify totally new visions for the future [12]. While
it is reasonable to assume that a founder’s personal capabilities in being alert for
opportunities and visionary for future potentials are the best in areas that she knows
from the past, studies show that the founder does not need to be a superhero with
deep and broad experience on all innovation-related areas [13]. Instead, studies show
that the founders may be generalist without being real experts in any areas [4];
they may be just-graduated young people, or managers without relevant technical
skills [13].

2.3 Prior Research on Innovation Ownership

A startup is based on an innovation and a vision for a business opportunity. Then,
one of the key activities in the startup is testing the feasibility of the innovation and
the business vision. Guidance on how to conduct feasibility testing in a systematic
way without progressing too long with wrong assumptions and wasting time,
work and money is available in the literature. Ries in [9] defines a lean startup
thinking focusing on close customer cooperation and objective internal judgment
of the possible business value of the innovation. In Early Stage Software Startup
Development Model (ESSSDM), Bosch et al. propose a repository of alternative
ideas to be tested along the principles of the lean startup [10].

The early stages of a software startup are run by a team that is typically
small, possibly inexperienced, and may have various shortages in both material and
immaterial resources [1]. What is the ownership of the innovation or innovations
in such an initial team? Discussions with practitioners and our recent study [14]
indicate that the ownership of the innovation lies typically on the shoulders of a
single innovator. She is in most cases also to the founder of the startup and the key
driving personality. The situation is similar in startups with several founders—one
in the circle of founders has innovated the idea that is brought forward together. To
turn her idea into reality, she needs, however, a team that can do the necessary work.
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How does such a team look like, and in which way the founder and idea owner can
build it?

3 Research Design

This chapter is based on a series of studies we conducted on the same group of
real-life software startups utilizing similar qualitative research methods to cover
the initial teams of software startups from three viewpoints related to the teams’
capabilities, knowledge, and skills. All studies were designed in a similar manner to
be able to summarize the findings.

3.1 Case Selection and Research Data Gathering

Studying a group of early-stage software startups provided us with an insight into
what development-related capabilities are needed in software startups and gave us a
basis for the exploration of how such an initial team is built and structured that has
the capabilities necessary to tackle the challenges. Our study was based on a sample
group of 13 companies in 4 different geographical areas in Europe having a broad
variation in product ideas, customer segments, and utilized technology, as shown in
Table 1.

Table 1 Studied software startups

Location Product type Customer segment

Italy WEB application Photographers, public
Norway WEB application Event organizers, public
Norway WEB/mobile application Emergency centers, public
Finland, Oulu area Instrument, embedded software Specific sector of public
Finland, Oulu area Instrument, embedded software Specific sector of public
Finland, Oulu area IoT device, embedded software Smart device vendors
Finland, Oulu area Imaging system, embedded

software
Researchers

Finland, Oulu area WEB application Nurseries, parents with small
children

Finland, Oulu area Instrument, embedded software Public
Finland, Oulu area Software development services Systems and software companies
Finland, Oulu area Special IT services Systems and software companies
Finland, Helsinki area Aircraft maintenance software Aircraft carriers
Finland, Helsinki area Graphical UI platform Smart device vendors
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The research data were collected by conducting semi-structured face-to-face
interviews [15] and applying the key informant technique as defined by Marshall
[16]. The interviews were held in English, recorded, and transcribed.

3.2 Research Data Analysis

We used thematic synthesis [17, 18] for analyzing the research data qualitatively.
The thematic synthesis was conducted by using the NVivo11 tool for coding the
research data and combining the codes to higher level themes that summarized the
findings related to our research focus, the initial teams, their structures, and means
to acquire the necessary capabilities.

4 Results

In this section, we present the results of the thematic syntheses of the research
data, revealing fundamental similarities of the initial teams in a group of different
software startups.

4.1 Capability Domains for Product Development

Though the details of the development-related capability areas varied between
individual software startups, we could identify in our first thematic synthesis a high-
level capability mapping with four main areas, as shown in Table 2 [14].

As any other industrial enterprise, a software startup requires a broad variety
of capabilities from the personnel of the initial team. For the product development
from the innovation, engineering-related capabilities of the initial team are of crucial
importance.

Table 2 High-level technical capability domains of software startups

Capability domain Description

Innovation and application
domain

Understanding the requirements and characteristics of the
application and the innovation.

Software development
domain

Being able to develop functional software fitting to
requirements of the application domain and the innovation.

Special technology domain Being able to develop other functional solutions but software
needed in building the product.

Process and quality domain Being able to conduct the development work in a profitable
manner and at an acceptable quality level.
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Understanding and mastering the targeted application area is perhaps the most
important capability in all industries. The application area defines the main func-
tionality and the key requirements of a new product or service. In many cases, it
also sets constraints to the technology basis, architecture, and user experience of the
product or service. In a typical case the innovation itself is strongly related to the
application—defining the purpose and value of the product for potential customers.
The spectrum of application areas tackled by software products and services
is huge, varying from scientific applications and life-maintaining instruments to
communications, Internet of Things, entertainment, games, and further to toys
or similar simple products. Knowing the constraints in terms of technologies,
cost structures, and customer preferences helps a startup to plan and allocate its
investments in a reasonable way.

In software startups, the main implementation technology is software. Thus,
software development capabilities are an absolute necessity, the initial team must be
able to turn the innovation to a working software product or service. During the last
decades, the art of developing software, software engineering, has undergone big
development steps driven by both hard factors, such as technology developments,
new application areas, or business constraints, and by soft factors, such as user
preferences and even fashions. A software startup can select from a broad palette
of software development methods, platforms, design practices, programming lan-
guages, operating systems, testing tools, and many other solutions built to support
application development. Simplified, however, the initial team must be able to plan,
design, implement, and verify functional solutions profitably and at the quality
level typical for the application area—it must master relevant software development
processes.

In some application areas, the product or service requires other implementation
technologies but software. That is typical for embedded products where the software
functionality requires development supporting hardware or even mechanics.

4.2 Team Roles

In the second thematic synthesis round, we were able to identify three different
personnel roles, each contributing to the overall capability level of the startups in a
different way. The personnel roles are shown in Table 3 [14].

Table 3 Team roles

Role Description

Founder The founder or the leading person of multi-founder group being the owner of the
innovation.

Expert A qualified professional with strong competencies in specific area(s).
Developer Member of the development team focusing on low-level design, implementation,

and testing task.
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The founders were the key persons of the studied startups. Even in cases with
several founders, e.g., initial shareholders, there was one person who had come up
with the innovation or product idea and was the main person in bringing it forward.
She is referred in the following as “the founder.” Even though several founders
of the studied startups had prior experience in developing software and managing
software development teams, the additional workforce was needed in the actual
product development work.

From the head count perspective, most of the initial team members were
software developers, people hired to the initial team with a clear focus in designing,
developing, and testing the software to the new product. The background of the
developers in our study varied a lot. One main division line was between the
developers got from service-providing software houses as subcontractors and the
developers being hired as personnel of the startups.

Deploying subcontractors for the development work was justified by several
reasons, the most common of which was avoiding economic risks that may appear
in hiring their own personnel. Even though the unit costs of subcontracted personnel
may be in short term somewhat higher than those of hired personnel, subcontracting
was seen less risky over a longer run, because legal employer obligations fall on the
side of the service providing company. Another reason for subcontracting was also
that a startup gathered in that way highly qualified developers to the development
team, mitigating the risks of poor software quality or slippages in time schedules.
In some cases, subcontracting was also used for getting capabilities in specific
technology areas.

The experiences and skills of the hired developers, in turn, varied a lot in our
study group. Being young organizations and having limited resources, the startups
were forced to balance between the requirements set by the targeted products and
the costs of developers with longer experiences in the field. The balancing between
the needs and the economic possibilities was taken care of in different ways. Some
companies hired only students who were assumed to be cheaper and more willing
to work in startup-type companies, some invested in fewer but highly qualified
professionals. In the former case, the founder herself had a solid experience and
knowledge base on software development and was therefore confident in being able
to lead the work of less experienced developers. In the latter case, the reasons to
hire experienced developers were, for instance, the focus on a specific technology or
especially high-quality requirements. Typical solutions were to hire old workmates
of the founder, or persons with otherwise known professional careers.

Even through the above explained way of hiring professionals to the positions
of developers due to specific demands, we could identify, besides the founder
and the development team, an additional personnel role in the software startups—
the experts. Experts were people who compensated for the capability shortages
of rest of the team, especially the shortages of the founder. Mostly the experts’
contributions were focused on the areas of the special technology domain or the
process and quality domain (Table 2), but in cases of founders without personal
software development experiences the experts also compensated the founders’
missing software capabilities.
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Experts worked both as hired personnel and as subcontractors. Subcontracted
experts were used especially in solving the problems of the specific technology
areas needed in the product development [19]. Such needs appeared due to the fact
that even experienced founders were sometimes less familiar with all the required
technologies because experienced founders tended to have new or more ambitious
product views. In those cases, the experts’ contributions were very focused, both in
terms of problems and time.

Experts were hired to the company in cases of long-lasting needs to compensate
for the capability shortages of the founder, and the focus of the contribution varied
from some specific areas to the whole product development. In two cases with
just-graduated founders without own software development experiences, the key
contribution of the experts was to build a capable software development team—after
failed attempts of the founders.

In the early stages, startups might experience different contractors for developing
prototypes [19]. Outsourced tasks or sub-modules at these phases are small scale
and experimental. Given that, startup founders who lack technical competence often
choose to outsource as a shortcut to a later stage of startups, where they can attract
funding for proper product development. In some other cases, startup looks for a
sustainable strategy for product development, using their unique advantages, such as
a personal relationship with a reliable outsourcing team, or successful collaboration
previously [19].

4.3 Means to Build the Team Capabilities

The third round of thematic synthesis was conducted to identify the means to acquire
the capabilities in the initial team of a software startup. Though the details of how
the teams were built up in the case startups varied, three high-level means that were
common for all cases were identified, as presented in Table 4 [13].

Table 4 Means to acquire team capabilities

Acquiring means Description

Founders’ initial capabilities The initial experiences, knowledge, skills, and
competences of the founder(s).

Additional capabilities through
team expansion

The experiences, knowledge, skills, and competences of
new team members.

Additional capabilities through
team growth

The experiences, knowledge, skills, and competences
gained in a learning-by-doing manner during the actual
development work.
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5 Discussion

In this section, we summarize and discuss the findings of our studies. As the focus
of this chapter is the building of a capable initial team for a software startup, we first
explore the findings from the viewpoint of our third thematic synthesis, the means to
acquire the team’s capabilities. Then we summarize all three viewpoints and present
a schematic model for the capability structure of a software startup’s initial team,
including the capability areas, team roles, and means to acquire capabilities.

5.1 The Founder: The Initial Capabilities

Our findings are along the results of the prior research—the founder builds
both the innovation and the initial team’s capabilities on her personal capabili-
ties, knowledge, and experiences. A founder’s prior experiences and accumulated
domain knowledge lay the basis for both a successful business case and a smooth
development of the product or service [2, 20]. Examples of experienced founders
are experts who have worked earlier in another, possibly bigger, company on the
same business and technology areas, serial entrepreneurs, or persons gaining their
knowledge through personal interests, such as contributions to open-source projects
[13]. In those cases, the founder’s own capabilities build a strong basis for the
startup, the founder masters the key areas of her new enterprise, and the rest of
the initial team is built typically to broaden the development-related capacity of the
startup.

Cases of the opposite—founders without prior experience—are young people
who vote for entrepreneurship right after graduation, people who change their
interest and future plans to some totally new area not known in advance, or people
who master the needed capability areas only partially, such as managers without
own software development skills [13]. In those cases, the founder needs a team that
is capable of compensating for her shortages, whether they are in the application
domain, technology domain, business domain, or any necessary work domain in the
early stages of the company [21].

5.2 Team Mates: Capabilities Through Growth

The basic means to broaden and deepen the capabilities of a software startup is
through growth—gathering the initial team to carry out the development work
together with the founder. Because of limited resources the initial team is typically
small [1]. Thus, it is crucially important for the founder and the startup to ensure
that the team is in balance with the challenges faced during the development of the
product or service.
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Several internal and external constraints affect the building of the initial team,
such as the innovation itself, the needed technology, the availability of qualified
workforces, the economic resources of the startup, and also the founder’s skills to
identify the needs and find right people.

An experienced founder has several benefits compared to less experienced
founders. She has a better chance for networking with other professionals, among
whom she may find applicants willing to join the initial team. The network may
consist of old workmates, subcontractors, or subordinates from different phases
of the founder’s career, or people she had learned to know in other professional
circumstances. Such networks are highly valuable for a founder from many
viewpoints of a software startup, getting founding, identifying potential customers,
building different ecosystems, and building a team of her own.

Another important benefit is the ability of an experienced founder to estimate
more objectively the requirements set by the innovation and the technologies used to
realize it. Understanding the need is a prerequisite for building a balanced team that
is able to carry out the development team but is not wasting the economic resources
of the startup.

A software startup may end up in a situation opposite to the above if the founder
is not competent enough to foresee the future challenges realistically and to evaluate
the software development skills of the applicants she is going to hire. A crude
mistake that may lead to a total failure in developing the product or service, laying
off the first team, gathering a new team, and starting the work from the beginning
if the resources allow [22]. If the founder ends up in such a situation, the most
crucial step is to find an experienced software professional, carry out reasonable
introduction to her, ensure her commitment toward the startup, and let her take care
of gathering a new team [22].

A similar approach is to be recommended if the implementation of the innovation
requires, especially difficult or unfamiliar technical solutions or sets other strict
requirements, such as very high quality or reliability. Even an experienced founder
may face such a situation if the innovation is highly ambitious or is outside of her
prior experience areas.

Building the initial team of a software startup is risky for both the founder and for
her potential team members. A startup is typically a new organization with limited
resources [1], and gathering the initial team means many times selling only ideas
and visions, seldom real existing benefits. That leads many times to approaches
different from more established companies.

5.3 Piloting the Implementations: Capabilities Through
Learning

The recent approaches of product and software development, incremental, agile
and lean development practices, and developments in both hardware and software
platforms have lowered the technology-related entry barriers of software startups.
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Table 5 Internal challenges for the initial team

Characteristic Description

Lack of resources Economical, human, and physical resources are extremely limited.
Third-party dependency Due to lack of resources, to build their product, startups rely heavily

on external solutions: External APIs, open-source software,
outsourcing, commercial off-the-shelf solutions, etc.

Small team Startups start with a small number of individuals.
Low-experienced team A good part of the development team is formed by people with less

than 5 years of experience and often recent graduates.
New company The company has been recently created.
Little work history The basis of an organizational culture is not present initially.

Table 6 External challenges for the initial team

Characteristic Description

High reactiveness need Startups should be able to quickly react to changes of the underlying
market, technologies, and products (compared to more established
companies).

Innovation need Given the highly competitive ecosystem, startups need to focus on
innovative segments of the market.

Uncertainty Startups deal with highly uncertain ecosystems from many
perspectives: market, product, competition, people, and finance.

Rapidly evolving Successful startups aim to grow rapidly.
Time pressure The environment often forces startups to release fast and to work

under constant pressure (terms sheets, demo days, and investors’
requests).

One product A company’s activities gravitate around one product/service only.
Highly risky The failure rate of startups is extremely high.
Not self-sustaining Especially in the early stages, startups need external funding to

sustain their activities (venture capitalist, angel investments,
personal funds, etc.).

The principles of the lean startup crystallize an iterative, incremental development
of minimum viable products (MVPs) that are functional solutions providing the
key functionalities and characteristics of the targeted product with a minimum
development effort. The feasibility of MVPs is measured with the actual customers,
fitting well to software startups, developing new, innovative products, or services in
a small team.

A development process following the principles of the lean startup provides a
software startup with several benefits that help the startup to tackle the challenges
listed in Tables 5 and 6. Although the main focus is avoiding wasted development
efforts, other benefits can be seen:

1. Iterative and incremental development is easier for small teams.
2. Iterative and incremental development creates faster tangible results that provide

the team with faster learning.
3. Close customer cooperation provides the team with right learning, guiding the

team faster to right direction.
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Thus, it is no surprise that all product-developing startups in our study group
utilized iterative and incremental development approaches, though not necessarily
following any fixed methodology, like the lean startup, by the book. Also, close
customer cooperation was utilized in the cases where the potential customers were
accessible and willing to cooperate.

An interesting phenomenon was identified, laying the basis for future learning—
copying from other existing products. In our sample of 11 product-developing
startups, 7 developed a variant or direct competitor of some existing product, 2
had fully new innovations, and 2 developed combinations of existing products and
new innovations [14]. Both service-offering startups continued the businesses the
founders had carried out in another, more established companies. In all copying
cases, the business vision was, however, new. It varied from utilizing new improved
technology to developing similar products for different markets. Copying from
existing products not only decreased overall risks and made ensuring the business
feasibility easier but was a source of valuable learning. In addition, copying made
it easier for the founder to figure out the capabilities needed for the implementation
and, thus, to build a balanced initial team.

Independently of the product type or customer segment, the studied startups were
utilizing the learning from their iterative and incremental development processes for
improving the capabilities of the initial team, some practices to be mentioned are:

1. Technical feasibility studies in very early stages of the startup or even before
founding the company.

2. Utilizing external experts for helping to solve, especially difficult technical
problems.

3. Developing minimum viable products based on fast and easy-to-use technology
platforms, different from the one of the final solutions.

4. Developing series of prototypes with stepwise increasing functionality.
5. Having close cooperation with the customers.

The founder’s initial skills and knowledge lay the basis of the capability structure
of a software startup and rational growth brings new capabilities to the initial
team. In both cases, the capabilities come from the past of the individuals, being
mostly experiences and learning from other situations and other environments, not
necessarily directly applicable in the context of the new startup.

The capability increments gained by learning during the iterative and incremental
development process are, in turn, problem specific, company specific, and customer
specific. Thus, it is reasonable to claim that such capabilities are more valuable
for the startup than the ones from the past. The capabilities acquired in the actual
product development context provide a software startup with a resource base that
is rare, difficult to imitate, or difficult to substitute, which in terms of the resource-
based view gives the startup a sustainable competitive advantage [23].
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Fig. 1 Capability structure of a software startup’s initial team

5.4 Capability Structure of the Initial Team

Out of the findings, we could figure out a capability structure of a software startup’s
initial team that combines the capability areas, the team roles, and the means of
capability acquiring identified in our studies. The structure is presented in Fig. 1
[22].

The structure highlights differences both between the roles and between the
capability domains. In practical situations, the borderlines between the roles may
not be that clear. The same person can play different roles in different situations or
at different times, or an expert can master different capability domains. Similarly,
the capability domains overlap each other, for instance, the software capability
domain is strongly interlinked both to the innovation, application, process, and
quality domains.

6 Conclusions

The findings of our study on the initial teams of software startups open for the
founders of new startups several viewpoints helping them in figuring out the
processes from an innovation to a product and the team that is needed in carrying out
the work. Also, a just-graduated student can utilize some findings when considering
whether to apply for a job in a software startup or to accept a position offer from
one.

In a capable software startup, there must be an innovation owner, a person with
confidence to the innovation, and willingness to bring it further to a product. From
our study group’s perspective that seems to be self-evident, because all founders
were committed to the innovation and to the future product. It is known, however,
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that this is not always the case, but a startup may need to struggle in finding out
an idea to bring further [9, 10]. From a just-graduated student’s point of view, a
committed idea owner is of crucial importance—one should avoid employments
in software startups without a reasonably strong commitment of bringing the
innovation to a product. Even though the founder’s or the team’s commitment does
not guarantee any business success for the developed product, it provides a new
comer with a clearer focus and a more stable direction to the product development.
That, in turn, offers her better learning points on how the development work in
software startups is and how she could utilize those learning in future career.

Our findings also indicate that not all members of the initial team need to
be especially innovative. Most of the individuals of the team are focusing on
software development duties. Especially when the founder or the hired expert is
a talented software professional, a software startup may offer a just-graduated an
environment where she can practice many relevant disciplines. Bigger companies
may be organized in silos for disciplines, such as requirements engineering, coding,
and testing, offering only a narrow base for learning by doing.

For a new founder, the key finding is that one does not need to be a superman
in order to build a software startup. Missing knowledge can be gained by orienting
deeply on the innovation and problem domains—even by studying existing innova-
tions and products, and the actual shortages in capabilities can be compensated by
careful building of the initial team.

To build a successful team, the founder must be able to evaluate the future
challenges and their own shortages in an objective manner. Identifying own weak
areas and looking for capable teammates is one of the most important issues when
moving from an idea-level innovation to a severe product development. Though not
directly addressed in our study, it is reasonable to assume that the funding bodies
carefully evaluate not only the innovation but also the team that has been built to
realize the innovation.

Both prior studies [9, 10] and our findings show that not all challenges need to be
tackled before founding a startup. Utilizing iterative and incremental development
approaches, the founder and the whole team can acquire improved capabilities
that are especially valuable because they are based on learning from the actual
development process.

Main findings
A team that can realize the innovation has three key roles: the 

founder, the expert, and the team member
The founder owns the innovation

The expert compensates for the founder’s capability shortages

The team member focuses on implementation-related tasks

A startup is a learning-by-doing mission
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The Perception and Management
of Technical Debt in Software Startups

Cecilia Apa, Helvio Jeronimo, Luciana M. Nascimento, Diego Vallespir,
and Guilherme Horta Travassos

Abstract The software startups are a particular scenario where Technical Debt
(TD) may occur in an intentional or unintentional way. However, the current knowl-
edge about the perception and management of TD are mainly related to mature
software organizations. This chapter contextualizes the startups’ characteristics that
can lead to TD incurrence, the concepts related to TD and its management, and
presents the results of a survey with Uruguayan software startups. The survey’s
primary goal was to understand how software startups perceive and manage TD
in their projects. The results refer to the level of understanding of the startup’s
practitioners concerning TD concept, the adopted Technical Debt Management
(TDM) activities, and the strategies and technologies used in their projects to
support such activities. The findings show that startups seem to invest time and
effort in TDM activities being TD prevention, one of the most conducted activities.
Besides that, it was observed that the participant’s experience and the size of the
organization seem to be also related to the perception and management of TD.

Keywords Technical Debt · Management · Startup · Survey · Empirical
software engineering

1 Introduction

In the last years, Technical Debt (TD) has been an exciting research topic for the
software industry and academia. TD is associated with technical decisions in the
software development that can bring benefits in the short term, like savings of time
(schedule) and cost reduction. However, in the long term, these decisions may bring
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some risks to internal software quality, hindering the maintenance and evolution
of software products. As far as it can be observed, most, whether not all, software
projects face TD [1, 2].

Software startups are a particular and exciting context where TD may emerge. At
their initial stages (ideation and creation), TD is rarely considered. From the moment
the ideas materialize in software products with a high probability of success, TD
makes sense and starts to be observed. At this point, the decisions taken can bring
risks to evolve the product, project, and/or business. Gralha et al. [3] point out
that TD is a dimension needed to take into account to support the requirements
practice evolution in the software startup. Even though TD has been a topic of
interest of many studies in the last years, most research on TD focuses on mature
software organizations [4, 5]. Therefore, there is a gap regarding the perception and
management of TD in software startups.

An exploratory study with startups in Brazil [6] indicates that TD emerges
after its initial stages due to their contextual characteristics. Other previous studies
reported similar behaviors [5, 7–10]. After the initial stages, the management
of such debts is claimed as essential in the software development life cycle.
Furthermore, the perception of software product quality tends to change over time.
In the initial stages, characteristics such as usability and functional suitability
are considered significant since the main goals are related to the acceptance and
success of the software product in the market. In the next stage, when the product
has a high probability of success, or when changes occur in the team, or the
number of clients/users increases, the quality concerns are associated with other
characteristics such as maintainability and evolvability to meet the required changes
and product scalability. Once the perception of software products evolves in startup
organizations, their adopted software engineering practices also need to evolve.
Therefore, issues related to internal software quality may be treated to reduce the
risks of TD aiming to keep a proper stabilization, evolution, and maturation of the
software product throughout its life cycle. Thereby, the first step is to understand
how startups perceive and manage TD in their projects.

Recently, we surveyed practitioners engaged in Uruguayan software startup
organizations to know how such individuals perceive and manage TD in their
projects. This chapter presents the results of this survey, such as the level of
understanding of the practitioners concerning TD concept, the adopted Technical
Debt Management (TDM) activities, and the strategies and technologies used in
their projects to support each one of TDM activities. The results and discussions
presented in the following sections intend to contribute to both industry and
academia on the perception, management, and further empirical studies regarding
TD.

The chapter is organized into five sections. Section 2 presents the fundamental
concepts. Section 3 describes the results of the conducted study. Next, Sect. 4
presents discussions about the main findings of the study. Finally, Sect. 5 addresses
the main findings and the relevance of the given evidence considering the perspec-
tives of industry and academia.
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2 Fundamental Concepts

This section presents characterization of TD in a software project (Sect. 2.1) and the
startup’s contextual characteristics emphasizing some factors that can lead to the
incurrence of TD (Sect. 2.2).

2.1 Technical Debt and Its Management

Ward Cunningham [11] coined the “Technical Debt” term (TD) as a metaphor in the
software industry when discussing with stakeholders the consequences of releasing
a poorly written piece of code to accelerate the development process. Since then,
this term has been used as a metaphor to refer to technical issues occurring during
software development as well as to allow better communication with nontechnical
stakeholders. Project managers and executives across the industry have adopted
this metaphor because it describes occurrences during the software life cycle in a
language that industry understands [2, 12].

Initially, TD was used continuously to refer to the issues associated with the
quality of source code. It was due to the shortcuts and workarounds took during
software development to meet the constant demands, in which these issues may
affect the quality of software products and their maintenance activities in the future.
Currently, studies (presenting a more consolidated perspective motivation to the
Software Engineering community) toward the understanding and definition of this
phenomenon state that TD is: “a collection of design or implementation constructs
that are expedient in the short term but set up a technical context that can make
future changes more costly or impossible. Technical debt presents an actual or
contingent liability whose impact is limited to internal system qualities, primarily
maintainability and evolvability” [12].

In a broader scope, it is possible to observe that TD can be associated with inten-
tional or unintentional technical decisions regarding shortcuts and workarounds
taken in software development. As argued by Becker et al. [13], TD decisions
involve intertemporal choices, i.e., decisions involving trade-offs among costs and
benefits occurring at different times. Such decisions are taken in different situations,
being motivated by technical or business factors.

Besides that, the presented definition shows that TD may occur in distinct
software development phases, and it may be associated with different software
artifacts. Therefore, different TD types can be incurred in the software development
process, and each one of them may influence differently.

Table 1 summarizes the TD types and their descriptions with some examples.
The TD types are based on the classification presented in Li et al. [14] and Alves et
al. [15]. As shown in Table 1, usability, defect, people, infrastructure, and process
also are mentioned as types of TD. However, TD cannot be generalized to all the
software issues currently faced in the projects, since it is limited to internal quality
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Table 1 TD types

TD type Description

Architecture Debt Refers to suboptimal architecture solutions, impacting the internal
quality (e.g., violations of the adequate and adopted architectural)

Build Debt Refers to issues in the build process that may make this process harder
(e.g., files of build containing code source that does not add value to this
task and software products and manual build)

Code Debt Refers to the issues in the source code that may hamper the modularity,
reusability, analyzability, and modifiability of the software products (e.g.,
code source that does not meet the required coding standards)

Documentation
Debt

Refers to the issues found in the documentation (e.g., lack, insufficient,
outdated, or inadequate documentation of the artifacts’ software)

Design Debt Refers to technical shortcuts taken in the detailed design and may be
found by analyzing the source code or design models (e.g., violations of
the principles of good object-oriented design, code smells, and grimes)

Requirement Debt Refers to the distance between the optimal requirements that need to be
implemented and the actual software products implementation, under
domain assumptions and constraints (e.g., an implemented requirement
which, in a way, does not fully satisfy all the nonfunctional requirements)

Service Debt Refers to inadequate use of software services (e.g., poor selection and
use of software services). Services refer to independent technologies that
offer specific business functionality. These are described in a
standardized way having published interfaces and communicating with
other services through remote calls

Test Debt Refers to issues related to testing activities (e.g., lack, insufficient or
inadequate tests; low tests coverage; and deferring testing)

Versioning Debt Refers to issues related to source code versioning (e.g., unnecessary code
forks)

Usability Debt Refers to inappropriate decisions related to software usability that will
need to be adjusted later (e.g., lack, insufficient, outdated, or inadequate
usability standards)

Defect Debt Refers to the known and deferred defects (e.g., postponed decisions on
fix defects)

People Debt Refers to issues related to people leading to the incurrence of TD (e.g.,
lack of knowledge and negligent attitudes)

Infrastructure
Debt

Refers to issues related to the infrastructure of development or operation
that may contribute to the incurrence of TD (e.g., lack, insufficient,
outdated, or inadequate tools or components to support the activities of
development, deployment, and operation)

Process Debt Refers to issues related to the adopted software process that may
contribute to the incurrence of TD (e.g., an inadequate process not
providing proper support to the development activities)

issues. Then, issues related to usability and defect should not be considered types of
TD because they are associated with the external quality characteristics of software
products. Besides, when analyzing the technical literature, it is possible to identify
that people, infrastructure, and process refer to contributory factors to TD incurrence
[1, 2, 16].
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Technical debts in software projects
� It may bring some benefits and risks to the software  project 

ecosystem and the quality of their software products.

� Its occurrence is motivated by factors associated with business, team 

members, and/or technical aspects.

� Different TD types can occur in distinct software development 

phases.

� Each TD type may influence differently.

As it has been said before, TD is always inevitable in the software development
scenario [1, 2]. For example, many decisions must be taken when a project software
starts, but it is hard for the team to have a complete understanding of the problem
as a whole, which turns inevitable the incurrence of unintentional TD. On the other
hand, TD may be intentionally incurred to achieve some business advantages by
sacrificing the internal quality in the short term. Thus, TD can influence positively
(intentional and managed) or negatively (unintentional and not managed) to the
software project ecosystem and the quality of their software products. When TD
is managed and perceived in software projects, it has the potential to support the
delivery of value to customers in the short term. On the other hand, in the long
term, the maintenance and evolution of software products can be hampered when
the debts are not known nor managed in the projects. Then, TD is not necessarily a
“bad thing” if it is perceived and managed strategically in the software project.

Therefore, the perception and management of TD should be a continuous
activity in software projects aiming to handle the trade-offs associated with the
constant demands for software deliveries, and the risks it poses to the internal
software quality. Technical Debt Management (TDM) in software projects consists
of the following activities: identification, measurement, prioritization, prevention,
monitoring, repayment, and representation/documentation [14, 15, 17].

In the TD technical literature, it is possible to identify proposals of software
technologies (i.e., practices, methods, techniques, processes, and tools) to support
the TDM activities regarding different types of TD. Besides that, there are investiga-
tions covering the perception of TD and its management under the software industry
point of view [18–24].

A survey was conducted with regular Brazilian Software Organizations (BSOs)
in 2018 regarding the perception of TD and its management in software orga-
nizations [24]. The primary goal of this study was to acquire knowledge on
the perception of TD metaphor and its management in the industry (i.e., the
adopted strategies, activities, and technologies), using the engaged practitioners as
proxies. This survey was performed with 58 practitioners, representing about 12
organizations and 30 software projects. Concerning the TD awareness, the results of
this study indicated that Brazilian software practitioners did not reach any consensus
on how they perceive TD, and TD is still unknown to a considerable fraction of the
participants. It was observed that 50% of the participants consider that TD should
also be associated with external quality issues, indicating a misconception of what
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should be considered TD, because they also associated TD with any issue occurring
during the software development.

On the other hand, it was also observed some agreement among the respondents
on associating TD to internal quality issues, in which it presents an alignment with
the TD definition indicated in the technical literature [2].

Regarding the perception of TD, it was identified that a low number of respon-
dents (42%) informed to perceive TD in their software projects.

Regarding the management of TD, the results of this survey indicate that a few
respondents (25%) indicated to adopt TD management activities in their projects,
with no consensus on which TDM activities are more relevant to the surveyed BSOs.
However, the prevention of TD was considered relevant by half of the participants
that answered the question related to the importance of TDM activities. On the
other hand, despite the number of participants indicating the importance of the
prevention of TD, only two respondents (two BSOs) reported performing activities
of prevention of TD.

The existence of types of TD and its management is dependent on the software
project context. In this case, the project context refers to the practices of software
engineering and software artifacts that are required during the software development
life cycle. Therefore, TD’s perception and its management can be influenced by
the project context. A set of tools and software technologies that can be used to
support TDM activities in software projects is presented in [14, 24]. However,
further studies looking for evidence on their effectiveness and efficiency must be
performed, including scenarios (from where TD may emerge), such as software
startups [7]. As reported by Besker et al. [5], the intentional TD may be considered
as a useful strategy in a short time to balance the benefits of time-to-market
and reduced resources in software startups. However, unmanaged TD may bring
negative consequences [9]. Therefore, software engineering practices must be
preemptively adopted to support the perception and management of TD, aiming
to address the risks that it imposes to this scenario.

The perception of TD and its management
The perception and management of TD should be a continuous 

activity in software projects.

Studies report that the perception and management of TD are still 

incipient in software organizations.

The software project context can influence how TD may be 

perceived and managed.

2.2 Software Startup Context

Startup organizations aim at developing innovative solutions to unmet markets
by using or generating cutting-edge technologies while operating under highly
uncertain conditions, with a severe lack of resources, having little working history,
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and in an environment that is highly dynamic due to influences of changes in market
and technologies [25]. Despite the lack of consensus about what characterizes a
startup, authors usually report as characteristics of startups the need to develop
software fast and achieve a short time-to-deliver, focus on the product instead of the
project, and the adoption of methods that allow reducing the uncertainties gradually
[8].

The software development at startups is market driven, which means that require-
ments are invented [26]. The lack of customers specifying demands, validating, and
paying for their development, contributes to increasing the uncertainties regarding
the problem and the solution fit. It is only possible to validate the requirements
by engaging representatives of the target customers to evaluate prototypes, or by
launching software versions in the market. The company search for a scalable
business model also contributes to elevating such uncertainties, since the startup
lacks knowledge about the real needs and preferences of the target customers, how
to reach them, how much they would pay for the proposed solution, besides other
concerns.

In general, startups adopt incremental and evolutionary approaches as develop-
ment methods so that they can perform validated learning cycles [27, 28], also
known as probing and learning cycles [29], or continuous experimentation [30].
In each cycle, the startup develops a Minimum Viable Product (MVP) to support
collecting data about and analyzing a subset of hypothesis regarding the product
ideas and/or business model definitions. Grounded by data, the startup can decide
to keep the product features and proceed to develop the next increment, to evolve or
change them (pivot) in the subsequent validated learning cycle, or decide to give up
the endeavor.

In this context, the adoption of some Software Engineering practices is reported
as inadequate, mainly in the initial development cycles [27]. Startups rely on tacit
knowledge, giving up documentation, and adopting simple practices of engineering
and product management. Some of the fundamental characteristics and practices
of startups support it, such as small and collocated teams, frequent face-to-face
communication, use of public standards or frameworks, third-party solutions, and
extensive use of prototypes [8]. However, if a startup can survive, the development
practices taken as strategic in the early stages may pose risks in the next stages of
not achieving the speed and qualities desired in the product evolution [10].

Startups that survive evolve from conception to fruitful company context in
stages, setting up different development contexts and challenges. Startup’s life cycle
models such as the Customer Development model [28]—which was made accessible
as part of the Lean Startup method [31]—and the Crowne’s model [32] divide
the startup evolution stages in relation to the level of the business model and/or
product uncertainties and the startup market entrance. These models emphasize that
practices adopted may change to support product development, according to the
challenges that arise in each stage.

Concerning software quality, Technical Debt issues have gained the attention
of researchers [33]. The decisions taken regarding the adoption of development
practices in the early stages help startups to be fast. However, as observed by
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Giardino et al. [10], they lead to accumulation of TD that hinders the productivity in
later stages and may influence the internal software quality. Observing the evolution
of 16 startups, Gralha et al. [3] propose a theory about requirements practice
evolution in startups, including TD when dealing with new requirements. According
to the theory, startups evolve their TD practices from the Known and Accepted stage
to Tracked and Recorded one before they reach a stage where TD is managed and
controlled. The authors also observed that the number of employees, the number
of the software features, the clients’ retention rate, and the occurrence of negative
feedback from clients might cause the startup to change its TDM practices about
requirements.

As the company grows, new people join the team. In this scenario, the lack of
registered information about the project and the software characteristics lower the
team productivity and heighten the chances of inserting defects in the software, since
it is hard to pass the accumulated tacit knowledge to the new hires [10]. The high
level of tacit knowledge can generate discrepancies between the developers’ mental
models on the software behavior and its real behavior, or the situation in which no
one remembers why a software component behaves as it does [34]. These situations
can lead developers to take wrong decisions when evolving the software features.

When the number of users increases, the customer requests also increase, and the
requirements and issues to solve may become unmanageable. The demands about
product quality become higher, raising the risk of losing customers. As observed by
Nascimento and Travassos [6], the costs of quality assurance activities without the
support of documentation about the software features and test cases may turn high.

Even in the early stages, some contextual characteristics of startups that support
their practices can change and, as a result, give rise to TD. In [6], it is reported
that a startup can hire inexperienced people when exploring the first ideas to a
software product and, once it is more confident in the product chance of success,
the startup may decide to hire more experienced developers and then it needs to
document the current software features in order to integrate people on the team.
Crowne [32] also reports that, yet in the Startup early stage, the product platform
may become unrecognizable for the team when the importance of the product’s
technologies and/or components is not discussed nor managed.

As discussed, initially, some practices of software engineering tend to be avoided
because an initial solution of a software product is delivered as an MVP to
experiment with the ideas developed for the product and give adequate feedback
about the new features. However, this initial approach may bring some risks to
internal software quality, for example, affecting the evolvability of such products
in the future. Therefore, the TD perception and the evolution of practices in startups
to manage it may be essential to reduce the risks in the software product, project,
and/or business.

However, the current knowledge about the perception and management of TD in
the software startup context still requires investigations. The next section presents
an exploratory study, in which it is possible to observe some perceptions of TD and
its management at the software startups context.
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TD and its management in software startups
The startup’s contextual characteristics can lead to intentional or 

unintentional occurrence of TD in this scenario.

In the initial stages of software startups, TD can be considered as an 

investment (strategic).

The management of TD is relevant as early as internal software

quality issues are handled to keep a suitable stabilization, 

maintenance, and evolution of such products.

3 The Perception of TD and Its Management at Software
Startups’ Context

Between February and March 2019, a replication of a survey carried out in Brazil
[24] was conducted with practitioners engaged in Uruguayan software organiza-
tions. The primary goal of this study was the same as the previous study and refers
to gaining knowledge about the perception of TD metaphor and its management
(i.e., the adopted strategies, activities, and technologies) in software organizations,
using the engaged practitioners as proxies. However, such a replication added the
characterization of startups organizations in Uruguay. The survey was disseminated
among personal contacts, more than 500 software practitioners subscribed to the
IS.uy1 mailing list, social networks (Facebook, LinkedIn, and Twitter), as well as
through Information Technology (IT) associations (CUTI2 and Uruguay XXI3).

As in its original lab package, the survey is structured in 14 sections: three
characterize the participant, the organization, and the software project; one regards
the TD perception; one in TDM in general; 8 relate to the specific TDM activities;
and one extra section that provides space for the participant to describe other
activities that are executed in the organization. The questionnaire sections are
presented in Table 2. Three hundred and ninety-six participants answered this
survey, with 259 complete answers. Considering the complete answers, 33 (13%)
informed to work in startups. Therefore, all the results and discussions presented in
the following sections are based on those 33 complete responses.

Aiming to identify the participants who work in a startup context, the question-
naire provided the following description of the startup concept: “A temporary people
organization (company or team) that generally presents most of the following char-
acteristics: (i) activity in highly innovative segments of the market;(ii) conditions of
extreme uncertainty regarding the success of the product and/or the business model;
(iii) focus on a single main product; (iv) organizational structure to scale quickly
in case of product success or dissolve otherwise.” This definition allowed unifying

1Uruguayan Software Engineering Community.
2http://www.cuti.org.uy/portada
3https://www.uruguayxxi.gub.uy/es/

http://www.cuti.org.uy/portada
https://www.uruguayxxi.gub.uy/es/
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Table 2 Questionnaire sections

Section Topic Description

1 Participant
characterization

Obtain personal information regarding the participant, such as
professional experience and academic degrees

2 Organization
characterization

Gather information about the organization the participant works
for or has worked before

3 Project
characterization

Obtain information about the project that will be considered by
the participant in the survey

4 TD perception Collect information on the participant’s knowledge regarding
TD, including what can be considered TD. Also, determine if
the organization or the project he works at has strategies for
TDM

5 TDM (general) Ask the participant which TDM activities are adopted in the
working project. Obtain information about the responsibilities
and importance associated with each activity from the
participant’s point of view

6–13 TDM (activities) Gather information on several aspects regarding each of the
TDM activities

14 TDM (other) Provide space for the participant to describe other activities that
are executed in the organization

the startup’s concept among the participants, avoiding different interpretations. It
should be noticed that this definition also admits considering a startup as a team
inside a large company with a large number of employees.

Figure 1 summarizes the survey responses, considering the perspectives adopted
in the analyses.

The respondents have an average work experience of 7 years in software projects.
Regarding the academic degree, 20 respondents (61%) hold at least an undergradu-
ate degree, and 6 of them reported holding a specialization, master or doctorate. The

Fig. 1 Survey responses (only regarding startup organizations)
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rest of them have at least an uncompleted undergraduate degree. The respondent’s
organizations present some of the typical characteristics of startups organizations
[7], such as 24 respondents (73%) reported their organization has fewer than 50
employees and 22 participants reported that the development process adopted is
agile or incremental. Among investigating Uruguayan software organizations, the
majority of them (26) come from the IT sector, with a few respondents from
Finance (2), Telecommunications (1), Biological/Pharmaceutical (1), Education (1),
Consulting (1), and Commerce (1) sectors.

Regarding the perception of TD, 11 respondents (33%) claimed to be not aware
of the TD metaphor, while the remaining 22 (67%) declare to understand the concept
and relate it to the TD items that best match the TD definition (Table 3). Although
most of the respondents reported being aware of the TD concept, it is not possible
to observe any consensus about which issues are related to TD concept (no issue
achieves 100% of the answers). However, 73% of the respondents who declared to
be aware of TD agreed that the concept of TD could be associated with internal
software quality problems. Even so, 41% of the respondents associate TD with
external quality problems, which is worrisome since it contradicts the common
understanding of the concept currently adopted in the academy.

From the 22 respondents claiming to be aware of TD meaning, 19 of them (86%)
reported that they perceive the existence of TD in their projects, while 3 informed
not perceiving it. From 19 respondents that informed to perceive the occurrence of
TD in their projects, 14 (74%) stated that their organizations or the project managers
carry out TDM activities in their projects. Table 4 shows the distribution of the
counting of the votes (answers) on the different types of TDM activities.

Considering the 14 respondents that informed to adopt TDM activities in their
projects, 9 of them stated that they also carry out TD prevention activities in
their projects. Nine reported to conduct TD identification and TD payment; seven
reported to conduct TD communication and TD prioritization, TD documentation

Table 3 TD perception by the respondents from startups organizations

Issue % of participants

Low internal quality aspects, such as maintainability and reusability 72.73
Architectural problems (like modularity violation) 68.18
“Shortcuts” taken during design 63.64
Presence of known defects that were not corrected 54.55
Trivial code that does not violate code rules 50
Poorly written code that violates code rules 50
Code smells 45.45
Low external quality aspects, such as usability and efficiency 40.91
Planned, but not performed, or unfinished, tasks (e.g., requirements
specification, models, test plans, among others)

31.82

Required, but unimplemented, features 31.82
Lack of support processes to the project activities 18.18
Defects 13.64
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Table 4 TDM activities in software startups in Uruguay—technologies and strategies

TDM activity Technologies and strategies

TD identification (9) Manual code inspection (8), dependency analysis (5), checklist (1),
Code coverage (1), and Architecture Analysis (1)

TD documenta-
tion/representation
(4)

TD backlog (3), specific artifacts for TD documentation (1), JIRA(2),
Wiki (1), others—Trello (1)

TD communication
(7)

Discussion forums (2), TD topic in project meetings (6), specific TD
meetings (3)

TD measurement (2) Manual measurement (1), JIRA(1)
TD prioritization (7) Cost/benefit analysis (3), specific technology for decision-making (1),

classification of issues (4)
TD repayment (9) Refactoring (8), redesign (5), rewrite of code (7)
TD monitoring (2) Manual monitoring (1), JIRA(2), Wiki (1)
TD prevention (9) Guidelines (4), coding standards (7), code revisions (9), retrospective

meetings (7), Definition of done (3)

is conducted in projects according to four respondents, while just two respondents
indicated the conduction of TD measurement and TD monitoring in the projects.

An interesting result refers to the experience (in years) of the participant (see
Fig. 1). It increases concerning the awareness of the concept of TD; the perception
of TD in projects; the management of TD by the organization; and the management
of TD when the project manager is conducting extra activities. Another interesting
observation is that the central tendency (mode) of the organizational size is small
(S) when the participant declares not to be aware of the TD concept or declares that
the organization does not carry out TDM activities.

Regarding the Responsibilities and Importance of Each TDM Activity There
is no observed consensus among the participants on which TDM activity is most
important as well as on which roles should play each TDM activity. Considering
the relevant TDM activities to 14 respondents, 64% reported that TD identification
and TD prevention are the essential activities to their projects, followed by TD
communication and TD measurement. The TD documentation and TD monitoring
were reported as least significant.

TD Identification From nine respondents that informed that TD identification is
conducted in their projects, only two answered that there is a formal and mandatory
strategy to conduct this activity; while seven participants answered that the activity
is conducted informally. Four out of nine answers reported that TD identification
was conducted continuously throughout the project, and five participants answered
that they identify TD whenever a problem comes up. One participant informed that
the TD was classified as Test Debt, Code Debt, Defect Debt, or Test Automation
Debt in the project, other participants claimed to use the artifact where TD was
detected, one answered informed to use TD dimension, and one reported to use
other classification.
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TD Documentation One out of four participants answered that they had a manda-
tory strategy to conduct the TD documentation, while three participants answered
that they had a formal and mandatory strategy. Two out of four participants that
answered the TD documentation section claimed that TD was documented using
an overall backlog without specific details, and the other two informed that using a
specific backlog for TD documentation.

TD Communication and Measurement From the seven participants that
answered the TD communication section, three of them affirmed that the issues
related to TD were discussed during meetings in their projects, but with the
participation of few of the necessary stakeholders. Only two reported that issues
related to TD were discussed in project meetings with all the stakeholders. Two
participants answered that issues related to TD were only discussed informally.
Only two participants answered the TD measurement section and say that the
activity was conducted informally, based on simple information, like story points.

TD Prioritization Three out of seven participants answered that the TD items
were prioritized according to “guesses” or simplified estimative based on previous
experiences, two informed that the prioritization was based on a specific technology,
one says that it was based on historical data, while the other participant used
previous experiences and the priorities for the client. The distribution of number
of answers (#) on what is the main criteria to prioritize the TD is: (7) TD items that
most impact the project; (6) TD items that could cause most impact the client or
has the highest level of severity; (5) TD items that are in used parts of the system;
(4) TD items subject to immediate development or maintenance; (2) TD items that
demand less effort to be paid or that have poor cost/benefit relation; and (1) based
on the complexity of fixing the item.

TD Repayment, Monitoring, and Prevention From the nine participants that
answered the TD repayment section, seven of them answered that the TD repayment
is planned according to the current project necessities, while one of the participants
answered that the TD repayment is planned continuously, with specific periods
during the development process destined to this activity. Only two participants
answered the TD monitoring section and informed that the activity was conducted
only based on the number of technical debt items, or it is occasionally conducted.
Finally, six of nine respondents answering the TD prevention section mentioned
that it is an activity conducted informally by each project member. The remaining
three informed that they had formal practices to conduct the activity in which two
respondents say that these are mandatory practices.

Technologies and Strategies for TDM Table 4 presents a list of practices, tech-
niques, and tools used in each TDM activity as reported by Uruguayan practitioners.
The numbers in parentheses represent the number of participants answering that
specific section (column “TDM activity”) and the number of participants that
affirmed using that technology or strategy (column “Technologies and strategies”).
We can observe that different technologies support TDM, and there is no consensus
about which one to use.
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Fig. 2 Comparative graph startups versus non-startups

From the 259 complete answers obtained in the survey, 226 of them refer to the
respondents whose organizations do not classify as a startup (“non-startup”). Figure
2 shows a comparison between startups and non-startups regarding the dimensions
of the awareness of TD, the perception of TD in their projects, and the adoption of
TDM activities. The results show that startup’s participants have a little higher level
of understanding and perception of TD, and they present a higher level of adoption
of TDM activities.

4 Discussions

The study’s results show some alignments in the views on TD between the study’s
participants and academia. Most of the participants agreed with the definitions
from the technical literature, associating the TD concept to issues related to
internal software quality issues. However, it was observed that there is no common
perspective among the startup’s practitioners about which issues relate to TD. A
clear and shared understanding of the TD concept represents the first step toward
the perception and management of TD by practitioners in their software projects.

As explained in Sect. 2, startups’ characteristics may bring some risks to internal
software quality, since one of their primary goals is to experiment with a new
business model through the ideas developed for the product and give adequate
feedback about the new features. However, it was possible to observe that the
surveyed practitioners take into consideration the prevention and management of
TD. Regarding TDM, most of them (42%) informed to perform TDM activities in
their projects. The most reported activities regard TD prevention, TD payment, and
TD identification. These results indicate that Uruguayan startups invest effort and
time (which may be valuable for their context) to prevent and keep under control the
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accumulation of TD. This finding is in line with discussions reported in the technical
literature which mention that neglect the TDM can bring negative consequences, in
which it can become the leading cause of a startup failure [5, 7, 9].

Regarding the comparison between startup organizations and non-startup orga-
nizations, it could be observed that a small difference between the levels of TD
understanding, TD perception, and adoption of TDM activities exists.

Regarding TDM activities, a set of strategies and technologies were identified as
being used by Uruguayan startups’ practitioners to support TDM activities in their
projects. It is possible to observe that the same strategy or software technology was
informed to support more than one TDM activity, such as JIRA and Trello (see Table
4). However, the effectiveness and efficiency of such strategies and technologies in
managing TD must be the object of further investigation.

Besides that, it was not possible to observe the factors that lead the surveyed
projects to manage TD. However, they likely are some of the ones identified in [5,
6], such as the experience of developers, employee growth, software knowledge of
founders, uncertainty, lack of development process, the autonomy of developers,
and the increase in the number of users.

Also, it was not possible to observe which factors influence TDM, but it was
possible to observe that those participants who reported performing TDM activities
belong to more prominent organizations (in the number of employees) than those
who reported not performing TDM activities. This finding can be related to the
“Employee growth” organizational factor, which may influence the TD prevention.
Also, it is possible to observe a similar finding in the study reported in [6], stating
the need to adopt some software knowledge registration practices when they needed
to incorporate new members to the team, in which it may minimize the TD risks.

Another interesting finding is that the participants’ experience would seem to
relate to the TD perception and its management. The most experienced participants
were those who declared to be aware of the concept of TD, perceived problems
related to it in their projects, and their organizations carried out activities to manage
it. It is related to another finding “More experienced (senior) software developers
are more aware of and have accumulated more experience about the effect of
introducing TD, compared to junior developers” [5].

The survey results indicate that TD is perceived and managed in the Uruguayan
startup’s context. However, it was not possible to identify in which startup phases the
management of TD becomes a concern. A possible conjecture is that organizational
factors influence the management of TD in a startup. Also, it may differ from the
practices adopted in mature software organizations since the level of TD can be
considered an investment in the initial startup’s stages. Thus, the useful matching
between the startup phases and TDM activities is essential to support the software
startups to adopt strategies to balance the benefits and the challenges of TD in their
projects over time.

The survey presents some threats to validity [35], in which the main concern
is the generalization of results. On one hand, the targeted sampling is non-
probabilistic; it is not possible to determine a priori the population size and the
expected total number of participants. Uruguay is not known as a robust startup
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ecosystem, like Silicon Valley, for example. Therefore, it is hard to generalize the
results. The internal threat is mainly associated with the participants that might have
misunderstood some terms and concepts of the questionnaire based on different
experiences. Besides, there is also a construct threat of a biased survey, from the
researchers’ perspectives and the collected information from the technical literature
such as the TDM activities organized in [14]. Aiming to reduce the level of these
menaces, we conducted revision cycles during the survey development with three
researchers and executing pilot trials.

5 Concluding Remarks

In the last years, TD has been an exciting topic in the software engineering
community by both practitioners and researchers. A particular and interesting
context in which TD can emerge refers to software startups. This chapter presented
background about the characterization of TD in software projects, the startup
contextual characteristics that can lead to TD incurrence, and the results of an
empirical study about the perception and management of TD under the perspectives
of startups’ practitioners.

The results indicate no unanimity concerning on how startups’ practitioners
perceive TD, at least at the context of startups in Uruguay. However, despite the
uncertainty about their products and the speed in which they must validate the
business model in the market, the surveyed startups seem to invest time and effort
in TDM activities being the prevention of TD considered the most relevant TDM
activity. Most of the participants that declare to understand and perceive the TD in
their projects are distinguished by being those with the highest level of experience,
and the participants who declare performing TDM activities belong to prominent
organizations. A set of strategies and technologies used by Uruguayan startups
were identified. However, further research is needed to investigate how effective
and efficient they are in different software engineering communities. As it has been
observed, it is necessary more validated TDM proposals on which strategies best
fit the startup’s context, helping them to meet their objectives and not fail in the
attempt, because of unmanageable TD.

Therefore, the results and discussions presented in this chapter intended to
provide contributions to both industry and academia. Regarding the contributions to
the industry, the results provide initial observations regarding how software startups
in Uruguay (represented by their practitioners) perceive and manage TD in their
projects. Besides that, sharing some concerns that startups could take into account to
support the management of TD in their projects, such as the stages of their software
products, the experiences of their employers, employee growth, the increase in
the number of users and their development process. The main contributions to the
researchers are related to the observed research gaps that need further investigation,
for instance, strategies and guidance to support the startups to perceive and manage
TD by considering the mentioned concerns.
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Survey findings
It was not observed a shared perspective among startup practitioners

about which issues relate to TD.

Most of the survey’s participants associated the TD concept with 

issues related to internal software quality issues. 

The number of employees (organizational size) and the participant’s 

experience would seem to influence the perception and management 

of TD in a software startup context. 

Software startups need to tailor strategies and guidance to help them 

to better perceive and manage TD, by considering the stages of their 

software products, the experiences of their employers, employee 

growth, the user size grows and their development process.  
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An Analytical Framework for Planning
Minimum Viable Products

Anh Nguyen-Duc

Abstract For early-stage high-tech startups, Minimum Viable Products are the
most important artifacts for both business development and product development.
In an entrepreneurial journey with build–measure–learn loops, startups need to
be certain about what they learn to be closer to a product–market fit. Grounded
from insights of 40 active digital startups, we proposed the 6W3H framework
that captures a comprehensive set of context factors for developing an MVP.
The framework represents an effectual MVP development with the relationships
among the existing competence (Who question), business ideas (Why question) and
current customers (For Whom questions), MVP’s features (What to build question),
Startup metrics (What to measure question), and the development processes and
practices (How questions). We demonstrate how 6W3H framework can be used
for visualizing startup development, supporting decision-making, and mitigating
product risks. The benefits of using the framework are highlighted when MVPs
associating with significant uncertainty and fast-changing requirements and team
resources.

Keywords 6W3H framework · Minimum viable product · MVP context · MVP
development · Multiple case study

1 Introduction

The term Minimum Viable Product (MVP) was defined by Frank Robinson [1] in
2001 and then popularized from Lean Startup movement by Eric Ries from 2009
[2] and Blank [3] from 2010. According to Lean Startup [2, 3], every startup should
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start with building an MVP, and use it to validate their hypotheses about customer
needs. It plays an important role not only for a startup team, but also for the startup’s
external stakeholders, such as potential users, investors, and mentors [4]. Together
with “startup,” MVP is one of the most overused and misunderstood terms among
practitioners. Google search for the term “Minimum Viable Product” results in 1.4
million articles. Most of the entities in the first page discuss different definitions
and interpretations. Among researchers, a literature review revealed that at least
22 different definitions and features of MVPs are used in Software Engineering
research. Eric Ries states in his Lean startup book: “One of the most important lean
startup techniques is called the MVP. Its power is matched only by the amount of
confusion that it causes, because it is actually quite hard to do. It certainly took
me many years to make sense of it.” Steve Blank said about MVP: “This minimum
feature set causes lots of confusion. Founders act like the ‘minimum’ part is the
goal. Or worse, that every potential customer should want it” [3].

Despite the escalating complexity of debates around MVPs, entrepreneurs need
to utilize them effectively in their startups. Until the time writing this chapter,
we found no convincing and concrete guidelines for conducting MVPs in their
development context. Many articles [5–7] base on expert opinions without explicit
arguments for credibility or grounded process on empirical evidence. Many others
(e.g., [8]) base on one or a few case studies that are questionable about their
generalization. For some scientific articles [4, 9–16], the findings might have a
limited implication for startups. It is desirable to come up with a simple guideline
that can be used by everyone in a startup to improve the effectiveness of the MVP
development journey.

This chapter aims at characterizing software MVPs and how to effectively plan
for developing them in a lightweight manner. We propose a framework, namely
6W3H that describes contextual factors that influence the creation of an MVP.
The framework’s elements are grounded from 40 cases of European startups. We
demonstrate for the use of the framework by three use cases: (1) visualizing
evolution paths of startups, (2) a decision-making support mechanism, and (3) a risk
mitigation framework. The chapter is organized as follows: Section 1 introduces
about MVPs in research and practice; Sect. 2 describes the promised benefits
of MVPs in startups; Sect. 3 presents a list of MVPs according to Eric Ries’
categories; Sect. 4 proposes the 6W3H model, the model taxonomies, and its
applications; Sect. 5 presents the demographics of our cases; and Sect. 6 concludes
the chapter.

2 Benefits of MVPs

We start from Eric Ries’ definition, as it is among the most popular concept: “a
version of a new product which allows a team to collect the maximum amount
of validated learning about customers with the least effort” [2]. We classified
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Table 1 Benefits of MVPs in early-stage startups

Benefits Descriptions Features

Resources
optimization

MVPs save the effort/money of building fully functional
products, hiring full-stack technology competence to
validate a business idea [2, 5]

Least efforts

Early customer
acquisition

Though MVPs lack some top-notch features and
advanced functionality, it does provide value to users
and hence acquires early adopters. Nevertheless, it does
not prevent you from starting to work with key startup
metrics and make up a customer base [2, 5]

Maximum
amount of
learning

Value proposition
focus

The MVP lets you understand different problems your
future customers need to solve. You can take advantage
of using the value proposition canvas to get a graphical
expression of customers’ needs vs. product’s offers [2]

Maximum
amount of
learning

Innovation
facilitating

The continuous creation of certain types of MVPs helps
to visualize design ideas, offers a chance to refine both
architecture and design of a product [5]

A version of a
new product

Reusability Regarding evolutionary or throwaway MVPs, most of
them can be reused in the next MVPs in one way or
another [4, 17]

Least efforts

Communication
artifacta

MVPs could be used during meetings with external
stakeholders, acting as a bridge between business minds
and technical minds, emphasized call for investment or
involvement [4, 17]

Communication

Documentationa MVPs imply the lesson learned after each
build–measure–learn loop, hence storing knowledge and
growth hacking mechanisms [4, 17]

Communication

Value
co-creationa

Cooperation and hand-in-hand work with potential users
in crafting the final product necessary [4, 17]

Communication

Call for fundinga Possibility to attract investors early and the ability to
apply for crowdfunding [4, 17]

Communication

aNew benefit beyond Eric Ries’ definition

the benefits of an MVP based on the dimensions “a version of a new product,”
“maximum amount of learning,” and “least efforts.” Research about MVPs in soft-
ware development reveals other benefits of MVPs in communicating, documenting,
value co-creation, and call for funding [4, 17], as shown in Table 1. Different
MVPs might be developed to bring different benefits. The managerial, financial, and
business dimensions of these MVPs make them different from technical prototypes.

 Minimum viable product (MVP) is a proxy of the final 

product that requires the least effort to develop but obtain 

maximum learning. MVP is useful for project planning, 

product development, fundraising, and communication. 
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3 Different Types of MVPs

Eric Ries initiates the classification of MVP types [2], which are discussed among
the community of practitioners, including:

• Explainer video: a short animation that explains what your product does and why
users should buy it. The video is often simple, lasts for 30 s to a few minutes. The
video is particularly useful to check out unique ideas that may not have been seen
before. The most famous example of Explainer video is Dropbox.1

• Landing page: a web page where visitors “land” after clicking a link from
an e-mail or another type of a campaign. A landing page is used to quickly
communicate the startup proposals, to diffuse objections, and to call the visitors
to action. With the help of a landing page, you can get early followers and
collect a potential user base, with a limited budget. A landing page needs to
be structured with proper headlines, value propositions, and call-to-action to test
the business idea.

• Wizard of Oz: a user interface that looks like a real working product, but the
actual business process is manually carried on. The purpose of this MVP is to
demonstrate the complete job done by the product. For hardware products, this
would be equal to “looks like” kind of prototypes.

• Concierge MVP: a manual service that consists of exactly the same steps users
would go through with the product. This is called a “concierge,” since you
need first to provide services manually. For instance, instead of displaying
personalized news for readers, you go through their preferences and reading
history manually, and show the news you find relevant.

• Piecemeal MVP: similar to Wizards of Oz MVP, however, execution of the tasks
is done by using existing tools. It collects the necessary components and pieces
them together in a way that gives a new functionality and user experience.

• Mockup MVP: such as paper prototypes and wireframes, was representative
of user interfaces without any functionality. Various tools for sophisticated
simulations of user interfaces, screen flows, and human interactions are available,
i.e., Balsamiq,2 Visual Paradigm,3 JustInMind,4 and InVisionApp5.

• Public project proposal: Kickstarter6 and other crowdsourcing sites, i.e.,
GoFundMe,7 and Indiegogo,8 allow for users to prepurchase the product and

1https://www.youtube.com/watch?v=w4eTR7tci6A
2https://balsamiq.com/
3https://www.visual-paradigm.com/
4https://www.justinmind.com/
5https://www.invisionapp.com
6https://www.kickstarter.com/
7https://www.gofundme.com/
8https://www.indiegogo.com/

https://www.youtube.com/watch?v=w4eTR7tci6A
https://balsamiq.com/
https://www.visual-paradigm.com/
https://www.justinmind.com/
https://www.invisionapp.com
https://www.kickstarter.com/
https://www.gofundme.com/
https://www.indiegogo.com/
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provide a great way to raise money for initial orders. A business idea can be
validated by feedbacks and fund contributed to the call in such crowdfunding
sites.

• Single-feature MVP: a prototype that implements the most important function of
the product. The feature is normally implemented with a certain level of quality
and functionalities. The prototype is probably the most closer one to working
products since it is the first working version of the product with only a core
feature to attract early adopters.

• Rip off MVP: a successful product to get feedback, and then pivot in a different
direction.

4 The 6W3H Framework of Building an MVP

4.1 The Motivation for the Framework

The Five W’s and How method is widely used in journalism, research, and police
investigation for context analysis. By emphasizing multiple dimensions of a context,
the framework constitutes a formula for achieving a complete story on a subject.
Thomas Aquinas had acknowledged Aristotle as the originator of the dimensions
of circumstances [11]. He examined the concept of Aristotle’s voluntary and
involuntary action by investigating the question “Whether a circumstance is an
accident of a human act.” In his article, he mentioned, “For in acts we must take
note of who did it, by what aids or instruments he did it (with), what he did,
where he did it, why he did it, how and when he did it” [11]. Beyond journalism,
characterizing contextual elements is commonly used in problem analysis, project
management, and software engineering research [18]. For instance, Tore Dybå et
al. argue for the shift of focus from a checklist-based approach to a context in
favor of a more dynamic view of software engineering practice. Instead of viewing
context as a set of discrete variables that statically surround parts of a practice or
an artifact, we should treat context in its reflexive relationship with practices and
artifacts [18]. The interpretive work a practice/artifact generates shapes context as
much as the context shapes the practice/artifact [18]. Consequently, by considering
an MVP as an artifact, and the MVP creation an engineering process, it is necessary
to characterize the relationship between the MVP and its context. We argue that
six W-questions and three H-questions are relevant for characterizing the context of
MVP development.
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Fig. 1 6W3H frameworks of building MVPs

4.2 The Descriptions of the 6W3H Framework

In this section, we describe the mapping of 6W3H frameworks of startup context
to Lean startup methodology [2]. We explain how each of the W element and H
element links to the central concept and to each other, as shown in Fig. 1.

What The What question is split into two sub-questions, namely (1) what to build
and (2) what to measure, to emphasize the preparation needed for both building
and measuring. Our empirical cases (as details in Sect. 5) show that startups
rarely measure. Instead, decisions are often made by entrepreneur’s god feelings
or experience, reacting to current conditions of competitors and markets. However,
according to Lean Startup, data should be a major source for making decisions.
The specification of the MVPs would be documented in various formats, business
goals, customer emails, use cases, user stories, formal specifications, competitor’s
products, etc. Answering the What question is the journey of moving from unknown
to known domains, with the later MVPs be closer to the customer/market needs. The
plan for MVPs should come also with its measurement. Goal-question-metric [19]
is a good way of deriving the list of metrics from the Why question.

Why Before investing effort and time on elaborating various MVPs, we would
check first whether hypotheses behind the MVPs are established. There might
always be some thoughts behind what to do with the MVPs and good feelings are
usually the way to determine if the learning is achieved. A proper formulation of
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hypotheses comes with a plan to test them, hence, giving input to both What to
build and What to measure. Effectual startups might not proceed with one long-
term Why question in the beginning, but move forward by answering a series of
short-term Why that the later one is the consequence of the previous one.

Who Many startups gather necessary competence before they start getting their
hands dirty. Many others start right away with what currently in their hands. An
example is a businessman/woman that is aware of an entrepreneurial opportunity.
They used a limited budget to gather necessary competence that usually not
the optimal one for their startups. Another example is a technical person, i.e.,
researchers, engineers, and professors that holds some advanced technology that
would like to commercialize them. The business competence is often missing in
such a case. It is not uncommon that hiring and product developing occur in parallel,
leading to the later MVPs is done better than early ones due to the available
competence. Besides, external competence, i.e., freelancers, outsourcing partners,
is also relevant to MVP development. Hence, Who is in the team has a direct impact
on What and How matters.

For whom At the time of developing the MVPs, startups might already involve
some external stakeholders who influence the specifications of the MVPs. They can
be customers who paid for a customer-bespoken development of products, lead users
who are in the frontier of the product/market segments. They are input sources for
What to build and measuring objects for What to measure.

When The temporal dimension represents the amount of accumulated learning
a startup achieves. The expected learning should be the input for deciding what
to build and to measure. Early-stage MVPs are often low-fidelity ones, such as
wireframes, landing pages, and mockups. Later stages involve high-fidelity MVPs,
such as single-feature MVPs or rip off MVPs.

How The question specifies the strategy, methods, processes, and techniques to
realize the planned MVPs. The development of these MVPs can be done in-house
or by external resources. Here we focus on the more complicated MVPs, such
as functional MVPs involving software development, hardware development, and
industrial design. From this perspective, the construction of an MVP could be
framed as a product development project, with dimensions of scope, time, and
cost. The rule of thumb is that only two of the three dimensions can be optimized.
The balance among these dimensions is represented by the two-way links among
questions What to build, How long to build, and How much to build.

Depending on whether the MVP or the process of MVP development is of
interest, the What question or the How question would stay in the center of the
framework. It is noted that the MVP and its development has a mutual impact on
each other. As the focus of this chapter is the MVP as an artifact, we investigated
other Ws and Hs as surrounding contextual elements. However, different varieties
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Fig. 2 The evolution of MVPs via 6W3H framework

of the framework can set How questions in the center too. Figure 1 visualizes
the links among W-elements and H-elements we described above together. The
Who, the Why, and the Whom is at the business level, usually not changeable
for software developers. The What represents the analysis and design activities of
software developers. The How shows the operationalization of the design ideas.

We argue that a build–measure–learn loop can be planned, visualized, and
managed by this 6W3H framework. The hypothesis of business or product idea
is established when answering the Why question. The plan for what to build
and how to build is made with considering Who and For Whom questions. The
measurement is also captured before building the MVPs. A change happening to
one or more elements of the framework would imply the revisiting of other Ws and
Hs for the optimal balance of the context and the developing MVP. The continuous
awareness and analysis of the context elements would give a useful mean for
visualizing and managing the evolution of a startup. As shown in Fig. 2, the first
build–measure–learn loop might finish when the construction and learning from the
MVP is done. The next loop would occur on top of learning and materials done in
the first loop, addressing the new Why, and building the new MVP.

A brief of the 6W3H framework
What should the MVP include?

What should be measured with the MVP?

Why should the MVP be built?

Who will build the MVP?

For whom the MVP will be built?

When will the MVP be built?

How will the MVP be built?

How much does it cost to build the MVP?

How long does it take to build the MVP?
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4.3 Three Use Cases of 6W3H Framework

4.3.1 Use Case 1: Visualizing the Evolution Path of the Startup Journey

Startup A9 develops a platform for modeling, communicating, and document man-
agement in a construction project. The startup originates from Norway and currently
has more than 5000 customers in Scandinavian countries, Poland, Germany, and
the USA. The company adopts a Business-to-Business model, delivering a digital
platform for construction projects. Initiated by a serial entrepreneur in 2013, Startup
A represents for a successful Norwegian startup with stable revenue and customer
growth. It is special that the company starting with no in-house software developer.
The progress of the first 12 months of operation can be characterized via three
featured MVPs, as shown in Table 2. It is shown that A has established early a
relationship with an outsourcing team. Analysis and design are done in-house via
strong collaboration between the CEO and an early paying customer.

4.3.2 Use Case 2: Decision-Making Support

Startup B10 develops a platform for hyper-local news. The startup originates from
Norway and testing markets in Singapore and Vietnam. The company was founded
by two members. The CEO has a journalism and marketing background and
the CTO has a software development background. The startup also employed a
Vietnamese outsourcing team to develop their MVPs. The first MVP was created
in late 2015. The product launched at the end of 2015. In Startup B, startup
methodology was emphasized since the early days. The CTO attempted to formally
adopt Lean Startup and Agile in product development. In the first 3 months, the
CEO stated the first hypothesis (as stated in Loop 1, Table 3) that people in the
current local regions are interested in some types of news within a radius of 3 km
around them. As shown in Table 3, three alternative approaches are available for
testing the hypothesis a Concierge MVP by using a Facebook page, a simple one-
feature MVP and an evolutionary functional MVP. The CEO also considered the
second hypothesis (as stated in Loop 2, Table 3) that the target user groups would
rather read news in a map view than read them in a list view. When coming to cost
and time, Alternative 3 seems to be advantageous as it saves other cost and focus
right away on the MVP implementation. Moreover, the team can start early with
the development with a lot of reuse for future MVPs. The team did use Alternative
3, and unfortunately stuck in a problem that product is developed without market
validation. The hypothesis in Loop 1 should be validated before any technical
implementation with the outsourcing team. The postmortem analysis conducting

9http://viscenario.com/
10https://newsinitiative.withgoogle.com/dnifund/dni-projects/muml/

http://viscenario.com/
https://newsinitiative.withgoogle.com/dnifund/dni-projects/muml/
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Table 2 Three featured MVP in the first 12 months of A’s operation

Loop 1 Loop 2 Loop 3

Why To address the need of a
specific customers
To verify the needs for
more than one customers

The feature is the most
important pain point for
the customer

The feature is suitable for
other customers

Who The CEO The CEO, an Indian
outsourcing team

The CEO, an Indian
outsourcing team

Whom A paying customer A paying customer A mass market
What to
build

Mockup MVPs One-feature functional
MVP

Evolutionary functional
MVP

What to
measure

Qualitative feedbacks from
management board

Qualitative feedbacks
from management board

Qualitative feedbacks
from several companies

How In-house design,
co-creation with customers

In-house design,
outsourced development

In-house design,
outsourced development

Table 3 Alternative approaches for developing MVPs in two consecutive learning loops

Whom Mass market

What to
measure

– amount of posts per
day
– number of readers

– posts per day velocity
– reader velocity

– posts per type
– posts per location

Alternative 1 Alternative 2 Alternative 3

Who The CEO The CEO, an in-house
developer

The CEO, an outsourcing
team

How In-house setup In-house development Outsource-development
Loop 1
Why People are interested in

hyper-local news around
them

What to
build

Concierge MVP
Community of readers

MVP containing a
simple list view of posts
Community of readers

MVP containing a list view
of posts
Community of readers

How long Few hours for setting up
a Facebook page
3 weeks to engaging the
community

Three days to make the
simple one-feature MVP
3 weeks to engaging the
community

Two weeks to set up and to
build the evolutionary
MVP
3 weeks to engaging the
community

How much 2000 NOK 4000 NOK 8000 NOK
Loop 2
Why People like to read news

in a map view than in a
list view

What to
build

MVP containing a list
view and a map view of
posts

MVP containing a list
view and a map view of
posts

Adding the map view to
the current MVP

How long Three weeks to set up
and to build

Three weeks to set up
and to build

One week to set up and to
build

How much 16,000 NOK 16,000 NOK 8000 NOK
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with both the CEO and the CTO of B revealed that they would have followed
Alternative 1 before engaging too much on product development.

4.3.3 Use Case 3: Risk Mitigation Framework

We continue with Startup B and use the 6W3H framework to identify possible
risks when validating business hypotheses. We argue that not only the hypotheses,
but also the means of testing hypothesis need to be validated too. Criticizing the
connections from What question to other Ws would reveal assumptions that need
to be tested. Entrepreneurs should attempt to falsify these assumptions they survive
until the next test.

These include:

• What–Why: is the intended MVP the right thing to test the given hypothesis?
• What–Why: is the selected metrics the right measurement for the given hypothe-

sis?
• What–Whom: is the intended MVP suitable to all of the relevant stakeholders?
• What–Who: is the current competence the right one to build the MVP, in terms

of cost and quality?
• What–When: is the intended MVP suitable for the current stage of the startup

journey?
• What–How: is the chosen approach the right one to build the MVP, in terms of

cost, quality, and future reuse?

In the same postmortem analysis mentioned in the previous section, we revealed
many decisions without convincing supports, for instance:

What–Why: is the intended MVP the right thing to test the given hypothesis?

• The CEO needs to decide which type of MVP they should use. Prior to the
consideration of who, how questions, the first concern is whether the selected
MVP suitable to test the given hypothesis. For instance, if the selected social
media does not show the location, it is not possible to test the map view feature
with this concierge MVP.

What–Why: is the selected metrics the right measurement for the given hypothe-
sis?

• There is a risk that the metric is not able to test the hypothesis. Are users
posting in the MVP representative for the intended customer segment? Does
the number of posts per day actually show the interest of people in hyper-local
news?

What–Whom: is the intended MVP suitable to all of the relevant stakeholders?

• There are many cases that the inputs for MVPs coming from various stake-
holders, including mentors, investors, big customers, and smaller customers.
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It is a risk that the intended MVP does not fit to all stakeholders. Prioritization
of features is needed to mitigate this risk.

What–Who: is the current competence the right one to build the MVP, in terms of
cost and quality?

• Once the type of MVPs and features of the MVP is determined, there is a risk
that current competence is not capable of making the MVPs. For instance,
an MVP of an Internet of Things platform with the focus on optimizing
communication latency would require a research duration, and hence imply
a risk of completing the feature.

What–When: is the intended MVP suitable for the current stage of the startup
journey?

• It is a question of whether introducing the outsourcing team in idealization
and conceptualization is a reasonable decision. Should it be more business
hypotheses validated with the core team before engaging in more technical
implementation?

What–How: is the selected approach the right one to build the MVP, in terms of
cost, quality, and future reuse?

• For building the same MVP, it is always challenging to select a development
approach that balances the current quality, cost, and those in future releases.

4.4 The Taxonomy of Contextualizing the MVP Development

What Is a Taxonomy? By taxonomy, we mean “A system for naming and
organizing things [ . . . ] into groups which share similar qualities” (Cambridge
Dictionaries Online). Such a taxonomy can be used for a wide variety of purposes.
Among others, the taxonomy can help entrepreneurs choosing a suitable approach
for building their MVPs given a specific context. But first, the taxonomy presenting
here is used to classify different context of MVP development. The selection of one
or more elements in each Ws and Hs categories in Fig. 3 represents a situation that
an MVP is developed, hence revealing an opportunity for optimizing. The taxonomy
complements for the 6W3H framework.

Where Does the Taxonomy Come From? The framework and taxonomy are
grounded from 40 active European startups, as described in detail in Sect. 5.
From each startup, we identified a few key MVP and explored their contextual
dimensions.



An Analytical Framework for Planning Minimum Viable Products 93

Fig. 3 Taxonomies used in 6W3H framework

5 Our Cases

There is often a difficulty in identifying a real startup case among other similar
phenomena, such as freelancers, SMEs, or part-time startups. We defined five
criteria for our case selection:

1. A startup that has at least two full-time members, so their prototyping practices
are not individual activities

2. A startup that operates for at least 6 months, so their experience can be relevant
3. A startup that has at least a first running prototype, so the prototyping practices

is a relevant topic
4. A startup that has at least an initial customer set, i.e., first customer payments or

a group of users, so that certain milestones in startups process is made
5. A startup that has software as the main part of the business core value

The process of identifying and collecting data was done in 18 months, from
March 2015 to June 2018. From a contact list of 300+ startup companies,
we selected 40 startups that are suitable to the research purpose and willing
to participate in the research project (including Cases A and B above). The
contacted startups come from Norway, Sweden, Finland, Italy, Germany, Spain,
the Netherlands, Singapore, India, China, Pakistan, China, and Vietnam. Semi-
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structured interviews were one of the main data collection methods. The unit of
analysis is a startup company. We intended to have multiple interviews in each
startup, to achieve triangulation in data [9]. However, most of the startups only
afford a single interview. It is noted that some parts of the data set have been
explored in previous research [4, 17, 20].

6 Conclusions

For early-stage high-tech startups, MVPs are the most important artifacts for both
business development and product development. In an entrepreneurial journey with
build–measure–learn loops, startups need to be certain about what they learn to be
closer to a product–market fit. For taking the most out of an MVP, the analysis of its
context is needed. In this chapter, we proposed 6W3H framework that characterizes
nine important contextual dimensions of an MVP. The taxonomy using in the
framework was systematically gathered from 40 active high-tech startups. This is
a result of a long-term project with 2 years of data collection. The framework
represents an effectual view of the MVP development by connecting the existing
competence (Who questions), business ideas (Why question), and current customers
(For Whom questions) to the desired MVP. Moreover, the framework emphasizes
the measurement of learning (What to measure question), which is often neglected
in early-stage startups. Last but not least, the framework presents a reflexive
relationship between the MVP (What questions) and the MVP development (How
questions).

We have demonstrated three use cases of 6W3H framework, but the potential
use is unlimited. The most important takeaway lesson for entrepreneurs is that
the construction, feedback collection, and learning for an MVP needs to be
planned with clarification of possible assumptions, and prepared for changing
of the MVP’s contextual elements. Understanding this, entrepreneurs would be
better in knowing and communicating their startup development strategies, making
thoughtful decisions, reducing avoidable risks, and being closer to successes.

Key findings
MVPs should always be planned with clarification of contextual 

assumptions. 

The mutual relationships among the element of 6W3H and their 

evolutions are complex over time.
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Abstract Software startups need to work in a systematic fashion just like mature
organizations. However, existing software engineering methods and practices are
not aimed at software startups. They do not account for the business aspect of
startups and may not be well suited for software startups in general. The Lean
Startup Methodology on the other hand contains some useful practices for software
startups but is nonetheless impractical, offering little in the way of telling you what
to do. Software startups are thus required to tailor their own method. Currently,
many software startups simply work ad hoc or use various Agile methods and
practices. In terms of Agile methods and practices, little consensus exists between
startups. In this chapter, we discuss methods and method tailoring. We give
guidelines on how to create your own way of working and recommend a tangible
tool for doing so: the Essence Theory of Software Engineering.
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1 Introduction

Software startups should work in a systematic fashion in order to be effective,
according to Eric Ries [1], a high-profile expert on startups and a startupper himself.
In practice, working systematically means utilizing a method that is known and
understood by the team. A method tells you how to work.

The issue here is that little exists in the way of methods for software startups.
There are no widely known software engineering methods specifically aimed
at software startups. While software startups can utilize the numerous existing
software engineering practices and methods as they wish, they may not be well
suited for software startups. Similarly, the Lean Startup Methodology [1] offers
startups some ideas, principles, and practices to utilize, but does not directly tell
you how to work and what to do. In other words, it is not practical. Each startup is
thus responsible for creating its own method, or a way of working.

In this chapter, we will discuss how a way of working can be devised by a
software startup and discuss The Essence Theory of Software Engineering as a tool
for doing so. The goal of this chapter is to underline the importance of actively
reflecting on your way of working and to provide some guidelines for doing so.

Although software startups have been extensively studied in the academia, little
research currently exists on this point of view [2]. This chapter presents some
preliminary results from an ongoing study in the form of a deck of practice cards
presented in the second to last section. In addition, we provide some tools to utilize
in this context based on past studies as well.

2 How Should Software Startups Work? Ideas
and the Current State of Practice

A method is your way of working. It describes the way you work, should work, or
want to work according to the description. A method can be broken down into parts
that can be referred to as practices. Practices are microlevel methods that, again,
describe some parts of the work process. Together, practices form methods. In terms
of software engineering, a method is, e.g., Scrum1 [3] while a practice is, e.g., pair
programming. A (communication) practice can also be something as simple as using
a specific software to communicate in a specific way inside the team.

Software startups develop software and can thus utilize various existing models,
methods, and practices from the field of software engineering (SE). SE methods
are numerous, ranging from the early so-called waterfall models to the currently
fashionable, highly diverse Agile methods. Agile itself is not a method but a set of
principles outlined in the Agile manifesto,2 and the number of methods and practices
that can be considered Agile is vast [4].

1https://www.scrum.org/
2https://agilemanifesto.org/

https://www.scrum.org/
https://agilemanifesto.org/
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Existing SE methods are not specifically aimed at startups. In fact, on the
contrary, they are generally intended for project use inside mature organizations.
These SE methods thus focus entirely on SE, omitting the business aspect that is
vital for startups. In these more mature organizations, the software developers are
not interested in the work of the financial department and often have to care little for
how the software is marketed toward its intended customers as that is also the job
of another department. In a startup, on the other hand, the far smaller organization
size often makes these roles more intertwined especially early on in the life of the
software startup. Therefore, while these methods can still be utilized by startups,
they can only help startups with their software engineering, which is only a portion
of the work of a startupper.

In practice, software startups utilize a wide variety of methods and practices
for developing software, based on a study by Paternoster et al. [5]. According to
the study, software startups largely utilized various Agile methods and practices or
simply worked ad hoc. Little consensus on what the best method or practice(s) for
software engineering would be was found between the software startups studied by
Paternoster et al. [5]. This further highlights the idea that startups, much like mature
organizations, should concern themselves with finding or creating a method that
suits their work in particular.

Aside from SE methods, there is little currently available in the form of more
comprehensive methods for software startups. The lean startup, for example, is not
a method that tells you how to work. It is more akin to the Agile manifesto in that
it merely presents some principles associated with the idea of a lean startup. Some
practices such as the Build–Measure–Learn loop are considered important or even
vital for startups wishing to be lean, although they still offer little in terms of directly
telling what to do.

Aside from, and including, the Build–Measure–Learn loop, various good prac-
tices recommended by different experts and startuppers alike do exist, even if
they do not come bundled into any method(s). These startup practices can help
you carry out some parts of your work better. Popular practices associated with
startups include the aforementioned Build–Measure–Learn loop, the Five Whys,
and the Minimum Viable Product. For example, the Five Whys practice is about
understanding the root of a problem.

An example of this practice is presented as follows (taken from Wikipedia3):

Problem: The car would not start
Why? The battery is dead.
Why? The alternator is not functioning.
Why? The alternator belt was broken.
Why? The alternator belt was old and had not been replaced.
Why? The vehicle had not been maintained properly.

While such practices are useful, they do not offer comprehensive tips or tricks for
success. They do not offer roadmaps or tell you what to do next. They can direct your

3https://en.wikipedia.org/wiki/5_Whys—as it was on the 13th of March 2019.

https://en.wikipedia.org/wiki/5_Whys
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way of working into the right direction, but it is up to you to make the most of them.
They can be valuable when included into your method, but it is your job to create
that method. Startups, just like mature organizations, should concern themselves
with working in a systematic fashion in order to be effective [1].

3 How to Develop Your Method or Way of Working?

Whether you are working ad hoc, deciding on how to do certain things as new tasks
arise, or you are utilizing a formal method like Scrum, you have a way of working.
A way of working comprises all of your work practices from the way your team
communicates to what software tools do you use to perform various tasks. Together,
these various processes, practices, methods, and tools represent a way of working
of a startup.

As we established in the previous section, there is currently no universal recipe
for success for software startups. Software startups can utilize existing software
engineering methods and practices, but they do not tackle the business aspect of a
startup. Business-related methods for startups are scarce, and while various good
practices recommended by practitioners exist (the Five Whys, etc.), they do not
tell you how you should be working outside that one practice. These existing SE
methods and various practices can, however, be utilized and combined in order to
create your own method.

Your way of working encompasses everything you do in your startup, from your
communication practices and your work hours to the tool(s) you use to develop
software. How do you communicate: where and when do you have meetings, how
do you communicate online when not in the office? Which tools do you use while
developing your software?

Creating a way of working is not a one-time effort, as your way of working is
not static. As new tasks arise and old ones are completed, what you work on is
constantly changing. Thus, in order to work effectively, you should actively reflect
on your way of working as you progress. Practices that were useful at one point may
become less relevant and ultimately it might be better to phase them out completely.
This is something that generally happens naturally, but it can be even more effective
to do it consciously and to discuss it within the team.

Indeed, improving your way of working is highly related to consciously seeking
to learn from what you are doing. Pay mind to what you are doing and why you are
doing those things. Use metrics to measure how some of your practices work and
then compare them to alternatives (we talk more about using metrics in the chapter
titled “100+ Metrics for Software Startups—Common Practices of Using Metrics”).

Practical Example: You are starting a display advertising campaign. Rather than putting all
of your eggs into one basket, you may wish to try different channels (e.g. Google, Facebook
etc.) simultaneously. Track where the traffic is coming from. How much did you spend on
each channel and how much did each channel bring in traffic in comparison? Pay mind to
your advertising settings as well: whom are you targeting, which countries are you targeting,
when are your ads showing for the people etc.
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Then, based on the data, pick the best channel(s) and focus on them. Try out two
different ads in the same channel over the course of e.g. two weeks, one week for each.
Which one brought in the most traffic? In this fashion, you can utilize metrics to decide
which practice works best for your startup.

If you decide to utilize existing practices and methods, it is also worthwhile
to evaluate them as you use them. You may find that modifying them rather than
following them by the book works better for you.

4 Using the Essence Theory of Software Engineering
to Describe and Improve Your Way of Working

The Essence Theory of Software Engineering [6] is a modular framework for
constructing your own way of working. In short, Essence gives you a foundation that
you can use as a foundation to construct your own way of working. This foundation
comes in the form of a so-called kernel. The elements in this kernel can then be
expanded upon using the Essence language in order to tailor your own way of
working. Essence supports the use of any existing software engineering method or
practice or combination of such [3].

4.1 Why Is This Relevant?

Essence provides you with a tool that can help you systematize your way of working
[7]. Communication tends to be the most important problem in most projects and
Essence is a tool meant to facilitate and improve communication. You may feel that
modeling your way of working using Essence is stating the obvious that your team
already knows. This is not the case at all, as the point of Essence is not to model our
way of working for the sake of doing so for busywork.

By modeling your way of working using Essence you present it in a formal,
visual manner. This can be thought-provoking and offers a good basis for discussion
within the team. Does everyone agree that this is a good way to be doing things? If
not, why? And how should it be changed?

Aside from using Essence to build and describe your way of working, Essence is
useful for progress management [7]. The alphas and alpha states can help you better
understand where you currently stand in terms of the software you are developing
or your startup in general. Again, though it may initially feel like extra work to
establish something you already know, your team may in fact not fully be on the
same page about your progress.

Essence is not something one person in your team should utilize alone in order
to manage your progress or to model your way of working. It is a communication
tool and it should be used like one. Essence facilitates communication within the
team and is helpful in communicating your progress and/or your way of working in
a clear manner. It can also serve as a way to motivate your team members to think
about their own work practices as individuals through your team meetings.
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4.2 Quick Overview of Essence

The kernel is the foundation that contains the building blocks you can use to build
your own method. It contains the basic elements present in every single software
engineering project. The kernel consists of three different types of elements split
into three categories called Areas of Concern. These areas of concern are denoted
by three colors:

• Customer (Green)
• Endeavor (Yellow)
• Team (Blue)

These categories each contain three types of elements:

• Alphas, a.k.a. Things to Work With
• Activity spaces, a.k.a. Things to Do
• Competencies, i.e. the skills required to carry out tasks

The core of the kernel (seen in Fig. 1) is formed by the alphas, of which there
are seven. These seven alphas are present in every software engineering project and
thus they are the essentials. In other words: most projects have other things to take
into account as well, but every project includes at least these elements among other
things. The alphas are color coded according to the above split into areas of concern,
also denoted in the kernel itself.

Fig. 1 The essence Kernel Alphas (http://semat.org/quick-reference-guide)

http://semat.org/quick-reference-guide
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Fig. 2 The requirements alpha and its first state (http://semat.org/quick-reference-guide)

Each of the seven alphas has alpha states which are meant to help track
progress in your startup. For example, the requirements alpha, below, starts with the
requirements being outlined and ends when the software has fulfilled them (Fig. 2).
Every software has requirements even if they do not directly come from a customer
commissioning it.

In addition to the alphas, the kernel contains activity spaces, which contain some
of the things that should be done in every software engineering project. As was
the case with alphas, every project contains other things to do as well, but these
are the essential things that should be done in every project. Finally, competencies
are the skills required to carry out the tasks. For example, if you are developing a
game using Unity, a developer joining your startup should probably be familiar with
Unity, or at least be ready to learn it. The kernel contains some competencies that
are required in every project.

The kernel contains only the essentials present in every project, but every project
has its own elements aside from the essentials. For the kernel to be more useful for
you, you can utilize the Essence language to add the unique characteristics of your
software startup to it. Add your own alphas, describe your own practices, and draw
your own method using the graphical elements of Essence.

4.3 Essentializing Your Way of Working

The act of describing your work practices using Essence is called essentializing
them. This is done by using the Essence language to describe the practices.
Essentializing a practice has three steps:

1. Identifying the elements. Use the element types of the Essence language to
describe the elements present in the practice. The output is a diagram (see Fig. 3).

http://semat.org/quick-reference-guide
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Fig. 3 Pair programming
described with Essence,
drawn with Essencery
(Essencery.com)

2. Drafting the relationships between the elements. Make practice cards.
3. Providing further details. Add descriptions, references, etc. to the cards.

In addition to the alphas, activity spaces, and competencies discussed in the
previous subchapter, the Essence language contains a few other elements. These
are activities, work products, and patterns. Activities, like activity spaces, are things
to do, but activity spaces are placeholders and can act as containers or umbrellas
for groups of activities. Work products are tangible things you create as you work,
e.g., meeting notes or PowerPoint presentations about your software idea. Finally,
patterns are arrangements of other elements presented in the language, such as roles
(programmer, designer, etc.).

How much you conform to the Essence language as you essentialize your
practices and describe your way of working is up to you. Ultimately, it is not
necessarily important that you are fully conformant to the language. Essence is a
communication tool and if what you are doing facilitates communication in your
team while successfully describing what you wish to describe with the language,
you have reached your goal.

You do not have to precisely tie the practices and practice cards to, e.g., the alpha
states, especially at first. Once you have devised a method that really works for your
team, one that you can keep using in the future, you may consider doing so. Being
fully conformant with Essence takes time and if you are continuously changing
your way of working, it may be better to settle for a lower conformance level in
your practice descriptions. You do not have to utilize Essence in its entirety, by the
book, for it to help you. In the next subsection, we will provide you with links and
resources that can help you get started with Essence.

4.4 Getting Started with Essence

If you are interested in Essence, there are various resources available online that
can give you a more in-depth overview of it, as well as tools that can help you get

http://essencery.com
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started with it more easily. Below is a list of resources that you can utilize to get
started with Essence:

• OMG Standard for Essence. The full documentation for Essence4 [8].
• Quick Reference Guide. A formal guide for getting started with Essence.5

• SematAcc. A digital tool for tracking alpha states6 [9].
• Essencery. A digital tool for drawing graphs using the Essence language7 [10].
• Ivar Jacobson Practice Card Library. A database of various existing software

engineering practices made into Essence practice cards. You can get ideas for
new practices from here and it can save you lots of time when making practice
cards.8

• Essence of Software Engineering—The Board Game. A board game to teach you
the idea of Essence9 [11].

4.5 Essentials for Early-Stage Software Startups: An Example
of Using Essence

Using Essence as a base, we have developed a set of practices intended to help early-
stage software startups (Fig. 4). Though later on startups branch out and become
very different, very early on in their lives they share more similarities. Building on
these similarities, we have devised a set of practice cards for use with Essence.

These cards are intended to guide an early-stage software startup from idea
generation to the early stages of developing their first product. Each card describes
a practice that is intended to help early-stage startups progress. As an early-stage
startup, the deck can:

• Offer you an additional starting point for essentializing your way of working
• Give you ideas on what to do next
• Give you ideas for new practices

This set of cards was developed for a university course and as a part of an
ongoing study. The deck is being improved iteratively and this is the result of the
first iteration, used as a teaching tool in a course teaching startup entrepreneurship
at the University of Jyväskylä. These cards have not yet been formally bound to the
Essence kernel and act as a stand-alone tool as well. There are 12 cards in total in
this deck.

As these cards were developed for a university course on Software Startups, some
of the cards contain lingo indicating this original use purpose. These cards are avail-
able in their entirety on FigShare (https://doi.org/10.6084/m9.figshare.8378900.v1).

4https://www.omg.org/spec/Essence/
5http://semat.org/quick-reference-guide
6https://ineed.coffee/projects/sematacc-2/—can be downloaded
7Essencery.com—used directly in the browser
8https://practicelibrary.ivarjacobson.com/start—requires registration
9https://doi.org/10.6084/m9.figshare.8052653.v1—permanent link to all the game materials

http://dx.doi.org/10.6084/m9.figshare.8378900.v1
https://www.omg.org/spec/Essence/
http://semat.org/quick-reference-guide
https://ineed.coffee/projects/sematacc-2/
http://essencery.com
https://practicelibrary.ivarjacobson.com/start
http://dx.doi.org/10.6084/m9.figshare.8052653.v1
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Fig. 4 The card deck

5 Methodology: Creating the Card Deck

The card deck presented in the preceding section (Sect. 4.5) was created as a part
of an ongoing study on Essence in the context of software startups. The idea of the
study is to ultimately tailor a version of the Essence kernel for software startups. In
the process, we aim to create a practice card deck for early-stage software startups.
The first iteration of the said practice card deck was featured in this chapter.
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The first iteration of the card deck was based on existing academic and
practitioner literature on software startups. For example, as a basis for the deck,
we used the life cycle stages discussed by Wang et al. [12] in their study. According
to this view, a software startup begins with problem definition as they come up with
a problem to solve, or a need to address. They then move on to problem validation
as they try to ascertain that the problem or need is in fact a real one someone wants
to have addressed and is perhaps willing to pay to have addressed. Having validated
the problem, the next stage is to then come up with a solution to carry out the idea:
solution definition. Once the solution has been defined, it, too, must be validated.
The solution is validated in practice when (if) the startup becomes a functioning
firm, at which point the software startup slowly grows into a mature organization
and ceases to be a startup.

Building on this idea of four life cycle stages, we devised a card deck depicting
key practices associated with this process. These practices are well-established ones
discussed in academic literature and by experts alike, such as pivoting or validation
using an MVP. These cards are still being developed and thus more practices are
likely to be added in future versions.

This iteration of the deck was deployed in a university course on software startup
entrepreneurship at the University of Jyväskylä. In the course, teams of 3–5 students
were to found a software startup based on a new or existing idea. We gave each
team a physical deck of the cards to use. The cards were intended to guide them
by highlighting various actions they should perform during the course, and more
importantly, to progress as startups. Data was collected on their experiences with
the cards by having the teams report their use of the cards by writing on them. This
data will be used to improve the cards for future iterations.

Finally, it should be noted that the cards were devised with the educational setting
in mind. Thus, some of the cards contain some material that may not be fully
relevant to a software startup out on the field. For example, the “Startup Spirit”
card discusses treating the startup as a real startup and not simply a course project,
which is something that does not directly concern most startups.

Key takeaway
Startups, just like more mature organizations, should work 

systematically.

Model your way of working in order to critically evaluate it.

Continuously pay mind to how you work and look for points of 

improvement.

Discuss your way of working with your team in order to improve it.

Use metrics to objectively evaluate your work practices.

You can use Essence to model your way of working.

If you are interested in Essence, use the tools suggested in 4.4 to get 

started.

The deck of cards we presented can give an early-stage software 

startup new ideas for work practices and can be used as a base to 

build a way of working on using Essence.
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6 Conclusions: Managerial Implications

In this chapter, we have discussed the importance of working in a systematic
fashion and constantly improving your way of working. Though software startups
should also seek to work in a systematic fashion, methods and practices aimed at
software startups are rare in software engineering. Existing methods are devised
with large, established organizations in mind. They are aimed at project use and
focus exclusively on the software engineering aspect of the project, leaving out the
business aspect that is just as important for a software startup.

Similarly, little exists in the way of startup-oriented business practices or
methods. Though some practices recommended for startups such as the Five Whys
and the Build–Measure–Learn loop discussed in the context of the Lean Startup
methodology exist, even the lean startup methodology does not offer startups
actionable and practical advice on how to work. Thus, it is up to each software
startup to devise its own method.

In this chapter, we discussed how a method or way of working should be devised,
and recommended Essence as one tool for doing so. Though no comprehensive
methodologies for software startups exist, startups should nonetheless aim to work
in a systematic fashion [1]. In devising their own method, software startups can
utilize these various existing practices in creating a method by using them as
building blocks. Existing methods such as Scrum can be tailored in this fashion
to better suit the context and needs of a startup as opposed to a large, established
organization.

Once a method is created, it should be iteratively developed. This can be done
by, e.g., measuring the effectiveness of individual work practices, as we discussed
in Sect. 3. The method, and the practices it consists of, should be discussed within
the team in order to make sure everyone is on the same page. This way, everyone
can provide their point of view on the way the team works—or should work.
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Startup Metrics That Tech
Entrepreneurs Need to Know

Kai-Kristian Kemell , Xiaofeng Wang , Anh Nguyen-Duc ,
Jason Grendus, Tuure Tuunanen , and Pekka Abrahamsson

Abstract Metrics can be used by firms to make more objective decisions based
on data. Software startups in particular are characterized by the uncertain or even
chaotic nature of the contexts in which they operate. Using data in the form of
metrics can help software startups to make the right decisions amid uncertainty and
limited resources. However, whereas conventional business metrics and software
metrics have been studied in the past, metrics in the specific context of software
startups have not been studied. In this chapter, we present the results of a multivocal
literature review to offer you 118 metrics practitioner experts think software startups
should measure. These metrics can give you ideas for what your startup should
measure.

Keywords Software metrics · Startup metrics · KPI · Data-driven startup

1 Introduction

Metrics are data that can be used to measure objects or phenomena. We use
various metrics every day, from weighing objects at the store to driving at certain
speeds with our cars. Even seemingly qualitative data can be made into metrics
by quantifying it. For example, so-called Likert scale surveys are used to convert
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opinions into numerical values by presenting the responders with statements they
are to either agree or disagree with using a numerical scale.

However, while data is valuable in supporting decision-making, in the everyday
practice manager intuition is still just as important for strategic decision-making in
organizations [1]. We argue that though manager intuition can be powerful, using
data to support it can make it even more so. This has been emphasized by the rising
value of data in the past few decades. Firms across industries have taken an interest
in collecting and analyzing data in order to improve their business based on, e.g.,
customer behavior on their website.

The idea of big data [2], a term coined in the 2010s, further highlighted the
importance of data. The big data discourse urged companies to gather any and all
data even if they did not necessarily have any use for it right there and then. These
vast amounts of data, then, could be analyzed later in search of various correlations,
especially out-of-the-box ones that may not have ever occurred to anyone without
access to such large amounts of data.

Software startups, just like mature organizations, can utilize metrics to make
decisions or to track progress. As they typically operate under a lack of resources
and in particularly uncertain contexts [3], metrics can help startups make the right
decisions at the right time. However, based on past survey data, we discovered that
half of the responding 4000+ software startups in fact did not use metrics at all.
Forty-one percent of the startups felt that it was too early for them to use metrics.
Out of the remaining 59%, 16% felt that they did not have the resources to track
metrics or that doing so would not benefit them, and another 14% tracked them but
reported that they did not use them to support decision-making.

Motivated by this data, we sought to give software startups ideas for what metrics
they could use. In this chapter, we present a list of 100+ metrics for Software
Startups that we compiled by studying practitioner-oriented literature (e.g.,
online blogs, articles interviewing experts) discussing metrics for software startups.

2 Expert Opinions: What Should Software Startups
Measure?

In utilizing metrics, software startups combine various types of metrics. They can
utilize conventional business metrics, as well as business metrics more specifically
aimed at startups, as well as software-related metrics including website metrics.
Across different life cycle stages (e.g., those proposed by Wang et al. [4]), different
metrics can be important for software startups. For example, conventional financial
metrics are not as relevant for early-stage startups that may still be in the process of
acquiring their first customers or that are still calculatingly running a deficit for the
time being. A more relevant metric in such a situation could be to simply measure
the amount of remaining expendable capital.
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Through a multivocal literature review (described in second to last section of
this chapter), we compiled an extensive list of 118 metrics for software startups.
Much of the literature reviewed for this study consisted of short “n metrics your
startup should measure” types of lists. As a result, there was a considerable amount
of overlap in the results. This does, however, point to there being some consensus
among practitioner experts as to which metrics are particularly interesting or
important.

These 118 metrics are divided into three separate categories in this section:
business metrics, user and customer metrics, and software engineering metrics.
Each category will be presented separately and discussed in detail in the following
subsections.

2.1 Business and Financial Metrics

Business and financial metrics here refer to metrics-related costs and revenues.
Business and financial metrics are largely metrics that communicate the current
situation of the business using various monetary indicators. The business and
financial metrics presented here are rather universal metrics used by small and large
businesses alike, as well as startups. However, metrics that could be considered to
be business metrics but which are closely related to the users or customers (e.g.,
average lifetime value of the users) are considered to more importantly be user and
customer metrics, which are discussed and presented in the following subsection
(Table 1).

2.2 User and Customer Metrics

Understanding the users of a software is vital for a software company, just as
understanding one’s customers is vital for any business. Digital services offer unique
opportunities for businesses to collect data from their users which can then help
them better understand their needs. Instead of having to actively consult the users
or customers, digital services make it possible to observe and track them as they
use the service, making it possible to collect large amounts of data from the users
without having to ask them anything.

For example, Bounce Rate refers to the percentage of the visitors of a website
that leave the site without performing any actions on it. It does not directly help
one understand why they are leaving, but it can indicate that something is wrong
with the website. Recording historical bounce rates, then, makes it possible to see
if changing the website in various ways has a positive effect on the bounce rate—
or not. Such metrics make it possible to understand users to certain extents even
without directly communicating with them (Table 2).
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Table 1 Business and financial metrics recommended for software startups

Metric (and up to 3 references) Description of the metric

Abandonment [5] Transactions abandoned before completion
Ad Inventory [5] Total views of each ad in a time period
Ad Rates [5] Value of each ad inventory
Annual Contract Value [6–8] Avg. annualized revenue per customer contract
Annual Recurring Revenue [6, 8, 9] Predictable revenue annually (e.g.,

subscriptions)
Annual Run Rate [6] Projected annualization of monthly recurring

revenue
Avg. Revenue per User [6, 10, 11] Avg. revenue per user over a time period
Avg. Revenue per Customer [6, 7, 11] Avg. revenue per customer over a time period
Billings [6] Current quarter revenue plus deferred revenue

from the previous quarter
Breakeven Analysis [12] Analysis to determine the point where revenue

covers the costs of receiving it
Burn Rate [10, 13, 14] Rate at which available capital is used
Campaign Contribution [5] Added revenue from an ad campaign
Capital Raised to Date [15] Amount of investment capital raised in total
Cash Flow Forecast [12] Forecast of financial liquidity in a period of

time
Cash on Hand [16] Available capital
Committed Weekly Recurring Gross Profit
[17]

Percentage increase in profits weekly
committed recurring profit

Compounded Monthly Growth Rate [6] Avg. % growth per month since inception, or
another start point for measuring

Cost of Goods Sold [15] Cost of products or services sold (e.g., hosting)
Customer Acquisition Cost [12, 13, 18] Average cost of acquiring a paying user
Customer Acquisition Cost to Lifetime Value
Ratio [19, 20]

Customer Acquisition Cost vs. Customer
Lifetime Value

Customer Concentration [6, 21] Revenue from largest customer vs. total
revenue

Customer Retention Cost [11] Amount of spending on customer retention
Deferred Revenue [6] Revenue received in advance of earning it
Fixed vs. Variable Costs [12] A measure of total spending split by source
Gross (Cash) Burn [6] Monthly expenses and any other outlays
Gross Margin [6, 10, 18] Total revenue compared to cost of goods sold
Gross Profit [6–8] Total revenue minus cost of goods sold
Market Share [22]
Market Value [22]
Monthly Cash Burn Rate [6, 20]
Monthly Recurring Revenue [6, 19, 23] Monthly predictable revenue (e.g.,

subscriptions)
Month-on-Month Growth [6, 7, 23] Average of monthly growth rates

(continued)
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Table 1 (continued)

Metric (and up to 3 references) Description of the metric

Net (Cash) Burn Rate [6] Gross cash burn vs. revenue in a period of time
Number of Transactions [24] Number of transactions made in a time period
Operation Efficiency [10, 14] Comparison of firm expenses by source
Payback Time [11] Time to recoup from an expense via revenue
Payment Failures [17] Number of failed transactions from users
Platform Risk [6] Dependence on a specific platform or channel
Profit Margin [7, 11, 20] Revenue minus cost divided by revenue for a

product. Different ways to measure for, e.g.,
Software-as-a-Service companies

Return on Advertisement Spending [18] Profits divided by advertisement spending
Revenue [7, 8, 25] Total revenue
Revenue Growth Rate [9, 26]
Revenue Run Rate [10, 19]
Sell-Through Rate [6] No. of units sold in a time period in relation to

the no. of items in inventory at its beginning
Time to Customer Breakeven [5, 20] Time it takes to recoup from Customer

Acquisition Cost
Total Addressable Market [6, 7, 22] Total hypothetical market size
Total Contract Value [6–8] Value of one-time and recurring charges

2.3 Software Engineering Metrics

SE metrics, as discussed in the second section, comprise both process and product
(or service) metrics. They thus include metrics both related to the development
process carried out by the organization responsible for the development, as well
as metrics related to the software in its operational life. They also include website
metrics that are not considered user and customer metrics first and foremost
(Table 3).

2.4 Social Media Metrics

Social media platforms such as Facebook are important for businesses looking to
grow their visibility. It enables them to interact with users or customers and potential
users through the platforms. For software startups, the way social media offers a
cost-free way of potentially boosting the visibility of their service is highly valuable.
Though it is possible to purchase paid advertisements on many of these platforms,
it is equally possible to simply use the platforms to gain visibility free of charge by
creating content on the startup’s page on each platform.

Though much of the potential success hinges on how interesting the posts of the
company are seen as being by the general public on the platform, metrics can help
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Table 2 User and customer metrics recommended for software startups

Metric (and up to 3 references) Description of the metric

Acceptance Rate [5] Avg. no. of invites accepted by new users
Activation Rate [6, 11, 13] Number of visitors or users performing a specific action

such as registering or installing
Active User Growth Rate [5] No. of new active users in a time period
Average Time on Hold [5] Time user spends on hold when calling support
Bounce Rate [13, 27] Percentage of visitors leaving website quickly
Churn Rate [7, 10, 28] Lost users or customers over a time period
Click-Through Rate [5] Visitors that clicked a specific website link
Content Creation [5] No. of visitors that interact with website content
Conversion Rate [7, 13, 28] No. of visitors that become users or customers, or no. of

users that become customers.
Customer Count [24] Total number of customers (paying users)
Daily Active Users [6, 19, 29] No. of users who use the software daily
Daily Active Users to Monthly
Active Users ratio [11]

A more detailed measure of user activity

Direct Traffic [6] Traffic coming in directly
E-mail Conversion Rate [30] Number of recipients that, e.g., became users
E-mail Open Rate [30] No. of mailing list members that open an e-mail
Frequency of Logins [7] Average frequency of user logins
Frequency of Visits [11] Average frequency of visits to, e.g., website
Gross Churn Rate [6, 31] Total users lost
Intent to Use [30, 32] Data indicating that a new user is about to start using the

service, e.g., they imported custom data
Invitation Rate [5] Avg. no. of invites sent per existing user
Launch Rate [5] No. of downloaders that launched the software
Leads [33] An estimate of prospective customers
Lead-to-Customer rate [33] Number of leads converted into customers
Lifetime Value [12, 13, 18] The average total revenue a customer generates
Monthly Active Users [13, 19, 29] No. of users who use the software monthly
Monthly Churn Rate [6] Lost users or customers per in a month
Net Adds [5] Total new customers vs. cancelations
Net Churn [6] New users gained vs. users lost
Net Promoter Score [6, 7, 29] How likely users are to recommend service (survey)
Network Effects [6] Effect of one user on the value experienced by other users

(e.g., Metcalfe’s Law)
New Visitors [7] Number of new visitors
Number of Logins [6, 25] Logins per user over a period of time
Organic Traffic [6] Unpaid traffic from, e.g., Google search results
Prospects [5] Number of users that might become customers
Purchases [5] No. of purchases made by a user in a time period
Recency [34] Days since last visit of user
Referrals from Current Users [13,
21, 35]

How often current users refer new users

(continued)
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Table 2 (continued)

Metric (and up to 3 references) Description of the metric

Referral Rate [28] Volume of referred users or purchases
Registered Users [7] Total number of registered users
Repurchase Rate [15] No. of customers that made a purchase during the

previous and current period of time
Retention Rate [13, 18, 28] Percentage of users or customers still using the service

after a period of time
Retention by Cohort [6] % of original user base still using the software or

conducting transactions in it
Reviews Considered Helpful [5] Number of reviews considered helpful
Reviews Written [5] Number of reviews written
Session Interval [7] Average time between software use sessions
Session Length [7] Length of average software use session
Sources of Traffic [7, 21, 35] Source and volume of user traffic per source
Time to First Purchase [5] Avg. time users take to become customers
Total Ad Clicks [5] Number of advertisements clicked by visitors
Total Number of Customers [13,
36]
Total Number of Users [22, 25] Based on, e.g., registered user accounts
Traffic [14, 25, 28] Total number of website visits (nonunique)
Traffic-to-Leads [28] Total traffic in relation to potential customers
User Acquisition Rate [25, 29] Total new nonpaying users in a time period
User Demographics [25, 29] Avg. age, gender distribution, location, etc.
User Engagement [7, 29, 32] Measured through, e.g., login frequency. Definition

depends on context.
Unique Visitors [19] Unique website visitors during a time period
Viral Coefficient [6, 19, 36] No. of new customers each existing one converts

Table 3 Software engineering metrics recommended for software startups

Metric (and up to 3 references) Description of the metric

Development Time [14, 24] Time it takes to implement a new feature
Downloads or Installs [8] Total amount of downloads or installs
Innovation Metabolism [37] No. of completed build–measure–learn cycles
Load Time [29] Time it takes for software to start or respond to user

commands
Office Morale [25] How motivated the team is (diff. metrics)
Stability [29] Frequency of crashes in software use
Top Keywords Driving Traffic to
You [5]

Search terms used by visitors to find your site

Top Search Terms [5] Both those that lead to revenue and those that do not have
any results

Uptime [27] Percentage of time software or website is available and
operational
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Table 4 Social media metrics recommended for software startups

Metric (and up to 3 sources) Description of the metric

Amplification Rate [11] Number of shares on social media per customer
Facebook Likes [25] Number of likes on firm Facebook page
Likes per Post [30] Likes per social media post (or shares, etc.)
Social Media Reach [30] Post reach within, e.g., Twitter or Facebook

you understand how successful your content there is. However, the experts did not
place much emphasis on social media metrics in the literature we reviewed. Below
are the metrics they discussed and recommended (Table 4).

3 How to Utilize These Metrics?

Any single metric will never solve all problems in all startups, and no single metric
is as useful to every startup. However, tracking metrics helps you gain valuable data
that you can then use to make decisions. Simply looking at your revenue does tell
you something about how you are doing financially, but it will not tell you why.
Furthermore, when used in unison, a combination of various metrics can tell you far
more than any one metric alone can.

For example, if you wish to understand how many users you really have, looking
at the amount of total registered users you have only scrapes the surface of the truth.
You can then measure how many (unique) Monthly Active Users (MAU) you have to
gain an understanding of how many of the registered users are actually still active.
By then measuring Daily Active Users (DAU) you get more detailed information
about how active the still active users really are. You can combine this with Cohort
Analysis by splitting your users into groups based on when they initially created
their accounts or began to use the service and how many of the users who registered
more than a year ago are still active.

Having a basic understanding of your user activity, you can go into further detail
by using more general-purpose user activity metrics. By looking at how often the
users log in or use the software (session intervals), you can see how many times per
month the Monthly Active Users log in. While at it, you can track the duration of
their session lengths and how long do they stay on your site or play your game.

Time spent logged in does not tell the whole story either. Do they actually do the
things you want them to do (user engagement)? Track their actions in your service
while they are logged in. If they are not doing the things you want them to do, maybe
something needs to be changed in your software? You could even approach the users
who do not perform certain actions with a brief survey upon logout.

In this fashion, you can use combinations of metrics to gain a deeper under-
standing of some aspect of your business. However, even single metrics can provide
valuable insights. For example, merely by tracking Daily Active Users you are able
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to see how many users are logging in every day. If the number suddenly starts
dropping the day after an update was deployed, something was likely wrong with the
update. Perhaps the update made the software unstable on some operating systems.
Had you not been tracking your user activity through DAU or other such metrics (or
been receiving error reports from the potential crashes), you may have only noticed
the problem as a stark drop in revenue at the end of the month.

Finally, it can be beneficial to understand what metrics help you better your
business and what metrics your stakeholders are interested in. Metrics that are
important for your software and your team may not be interesting to potential
investors who are mostly concerned with being able to see that you can become
a viable business (if you are not already). Thus, you may wish to consider utilizing
different metrics for internal use and for communicating with stakeholders. As you
grow, the different people in your startup may also become interested in completely
different metrics related to their job in your startup. Metrics do not have to be
organization wide.

3.1 Using Metrics: A Practical Example

Various real-world stories depicting metric usage in startups exist online, from
books to blogs. Whereas the previous example was a theoretical one, we cite a
blog article by Sindre Hopland on the itnig blog1 in giving you a practical one
from a startup called Quipu. Quipu is a B2B (Business to Business) software startup
providing a billing Software-as-a-Service (SaaS) solution.

The Quipu team considered churn rate as one of their key metrics indicating their
performance. The less customers a SaaS solution loses over time, the better, and for
a B2B one, acquiring new ones is even more expensive than for a B2C (Business to
Customer) software startup. However, in practice, a low churn rate was simply their
target. The team utilized various other metrics to help keep the churn rates low.

In the case of Quipu, the CEO considered customer support to have been the
most important way of keeping their churn rate in check. Early on, he handled it by
himself. By dealing with customers hands-on, he was able to understand what they
were having problems with. Additionally, he was able to discuss the product with
them and ask for any improvements they might wish to see. This can be a valuable
way of conducting user interviews that requires little setting up.

While data gained in this fashion is typically qualitative, understanding your
users is always valuable. Another valuable source of qualitative data for the Quipu
team was their unsubscribe feature. Upon cancelation, the team would be notified
and would contact the customer before finalizing the cancelation. In some cases, the
customer was experiencing problems the team was then able to solve, keeping the
customer.

1https://blog.itnig.net/2017/01/15/how-quipu-kept-churn-rates-under-one-percent-ever-since-
their-launch/

https://blog.itnig.net/2017/01/15/how-quipu-kept-churn-rates-under-one-percent-ever-since-their-launch/
https://blog.itnig.net/2017/01/15/how-quipu-kept-churn-rates-under-one-percent-ever-since-their-launch/
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Aside from providing users, support when they ask for it, Quipu actively
approached their customers based on various metrics. As they provided a SaaS
solution, they were able to utilize various metrics discussed in this section to track
the actions of their users while they used the service. In doing so, they were able to
preemptively contact customers who were struggling with their service. Using this
data, they were also able to establish patterns. For example, a user who created three
invoices in their system was much more likely to stay as a customer.

This highlights an important lesson: it can be worthwhile to adopt the idea of
big data even early on. Even if you have no immediate use for the data you are
collecting, you can study it in retrospect to discover patterns that may turn out to
be helpful for your company. Furthermore, this example highlights the way metrics
are best used in conjunction. Though the churn rate was what they company was
concerned with, they utilized a number of metrics and gathered various types of
data to actually control their churn rate.

4 Related Academic Work: Software Startups and Metrics

Startups are studied across disciplines, primarily in various economic disciplines
and in information technology ones. However, in software engineering we speak
of software startups, many practitioners simply speak of startups while in practice
referring to software startups. By definition, software startups are startups that use
software to deliver value. A software startup does not have to sell software or even
focus on developing software to be a software startup. Uber, for example, delivers
its value through its software application and is thus a software startup. While not all
startups are indeed software startups even using this definition, the majority of them
nonetheless are. Furthermore, economic disciplines commonly refer to (software)
startups as New Technology-Based Firms (NTBF) [38].

From the point of view of metrics, software startups are not entirely unique.
Rather, metrics that can be considered relevant for software startups come from
various different areas of metrics. Software startups can utilize common financial
metrics such as Net Present Value (NPV) or Return on Investment (ROI) when
communicating with their stakeholders. Similarly, they can look at typical software
or website metrics such as uptime to determine the status of their service.

As software startups do, however, differ from mature organizations, metrics that
are important to more mature organizations may not be relevant at all for an early-
stage startup. Even software startups are highly likely to find different metrics
relevant in different stages of their life cycles, according to the stages proposed
by Wang et al. [4]. After all, if you have no revenue yet, using revenue-related
metrics makes no difference to you, although you can use them to make and
communicate future revenue forecasts. In the following subsections, we will briefly
discuss different categories of metrics that can be relevant for software startups,
and which have been extensively studied in the past in various contexts and across
scientific disciplines (e.g., [39]).
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4.1 Software Engineering Metrics

Software startups can utilize generic Software Engineering (SE) metrics. More
specifically, these SE metrics can be divided into product and process metrics [40].
Product metrics comprise metrics related to the software (e.g., uptime, load times)
either during development or during its operational life. On the other hand, process
metrics refer to metrics related to developing the software (e.g., development sprint
duration) and are related to the development and operations team and their way of
working [39].

Software Engineering metrics can also be considered to include website metrics
as websites are ultimately software [40]. For businesses whose product (service)
is not directly accessed through their website as SaaS, website metrics can offer
different insights into their business. In such cases, website metrics are also clearly
separate from product or service metrics. For example, website metrics can be used
to determine conversion rates: how many visitors ultimately end up downloading
the product or registering on the website.

Conventional website metrics such as site uptime or bandwidth [41] are still
relevant, even though assuring site uptime even during heavy traffic has become
easier in the wake of technological progress. Consequently, the focus on website
metrics has shifted more toward understanding how the users interact with the
website [42].

Finally, it is worth noting that few Software Engineering metrics related to the
process side of SE metrics were discussed in the literature reviewed for this study.
This is likely a result from the fact that SE methods and practices utilized by startups
and mature businesses are highly diverse [43], from ad hoc methods to various in-
house methods and by-the-book methods [44]. Different methods such as Scrum use
different in-built metrics (sprint duration, etc.) and while these metrics are certainly
applicable to any software startup utilizing these methods, they are not necessarily
applicable to software startups not using that particular method. As such, if you
are using a commonly used SE methodology or practice(s), you should consider
looking into any metrics that are recommended to be used for measuring progress
while using that method or practice.

4.2 Business and Financial Metrics

Though software startups differ from mature businesses, they can nonetheless still
utilize various established business metrics. Business metrics are largely related to
costs and revenues. By keeping track of your cost and revenue structure, you are
able to have a better understanding of how your business is doing, and if costs need
to be cut to stop making a loss, you know where to start. These types of metrics are
also of interest to investors who want to see whether you can make a profit and keep
growing your business.
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However, especially early-stage startups are different from mature organizations
in this regard as well. A newly founded startup may not even have any revenue
to speak of yet. Thus, they might be far more interested in measuring their Cash
Burn Rate and Cash-on-Hand to understand their current situation, as opposed to
conventional business metrics such as Net Present Value [45]. They may utilize
business metrics to make forecasts, though, and many investors are indeed interested
in seeing estimates for, e.g., future revenue streams and how they can change based
on different potential pricing models for the startup’s service.

4.3 Usability Testing, Usability Metrics, and User Experience

Involving the user in the design of software was something advocated for in the
Agile Manifesto when Agile Software Development (ASD) began to take root in the
late 1990s. By involving the user, it was argued that it would be possible to better
understand what they want, and it would, for example, make it possible to change
the software during development to better match user needs as they emerge. This
can be highly beneficial as it is much cheaper to make larger changes to a software
service during development than during production or operation.

In practice, this typically means having a potential user test some version or a
prototype of a software while either being observed or by self-reporting their use.
There are different protocols for how the tests should be carried out, but generally
the idea is to have a user use the software independently. If they struggle to get
something done using the software, the observer, if one is involved in the test, will
then typically step in to help them so that the test can continue without causing
too much frustration to the subject. In this fashion, it is possible to see how people
interact with the software in practice and what kind of difficulties they face while
using it. They may ask for features that do not presently exist or they may end up
being confused about something that you felt was very intuitive.

This is still a valid approach used today, although recent developments have
seen the user focus shift toward indirect user involvement as opposed to direct user
involvement. Rather than asking users anything directly, many software companies
choose to collect data of the users of their software while they use the software
and make changes on their software based on how the users use it. While this is a
much less resource-intensive approach to understanding one’s users, understanding
the why behind the actions of the users requires more effort as you cannot ask them
directly.

Usability testing has been widely studied in the academia and various guidebooks
for involving the user into product design exist. In terms of usability testing, startups
can arguably use the same methods as more mature organizations and thus we do not
discuss them in depth here. If you are curious to read more about usability testing,
Jakob Nielsen, for example, is a high-profile author for website usability.
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Although these categories of metrics are well established and have been studied
and used extensively in the past, little literature discussing these metrics from the
point of view of startups exists. In this chapter, we thus discuss them from the point
of view of startups by presenting the opinions of various practitioner experts on
what startups should measure.

5 Methodology: How Did We Gather This Data?

The metrics presented in this chapter were compiled through a multivocal literature
review of mainly practitioner literature. We conducted the literature review in three
steps: (1) we reviewed literature written by high-profile experts (e.g., Eric Ries); (2)
we carried out Google searches to find opinions of less high-profile experts; and (3)
we reviewed sources the authors mentioned or cited in their texts.

For the Google searches, we followed a protocol in order to conduct the review
in a systematic fashion (as opposed to, so to say, just googling around). We used
the following search queries to find literature: “software startup metrics,” “startup
metrics,” “startup metrics list,” and “startup what to measure.” Out of the results
retrieved in this fashion, only hits that fulfilled the following criteria were included
into this study:

• Not a clear advertisement (e.g., a firm writing a blog post to recommend their
own data analytics tool)

• No unclear metrics or vague groups of metrics (e.g., “look at your sales”)
• Text documents only (no videos, etc.)
• Only stand-alone documents written under real names (e.g., no Reddit posts)
• Only publicly available documents; not behind a pay-wall or registration
• Only general-purpose metrics (e.g., not e-commerce metrics only)
• Not a duplicate result already reviewed

6 Conclusions

In this chapter, we discussed metrics from the point of view of software startups.
To give software startups ideas for what to measure, we compiled 118 metrics from
literature (books, blogs, articles, etc.) written by various practitioner experts such as
investors or startup incubator representatives. These metrics were divided into three
categories: (1) software engineering metrics, (2) business and financial metrics, and
(3) user and customer metrics.
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Key takeaways

Metrics help you make decisions based on data, not just intuition

Metrics can and should be used together to gain a more in-depth 

understanding of your business.

User and customer metrics are the most important metrics, although 

B2C and B2B startups should approach them differently.

Software-as-a-Service services let you track your users as they use 

the service online. Use this to your advantage and gather data on 

their use habits in order to better understand them.

Do not focus on vanity metrics such as total registered users: alone 

they do not tell you anything of value, although when combined 

with other metrics they can still provide value. A better metric than 

total registered users would be e.g. Monthly Active Users that 

actually shows you how many people still use the service.

Differentiate between metrics for internal use and for stakeholder 

communication. Metrics that are very useful to your team may not 

be interesting at all to potential investors.

Consider using method-specific (e.g., Scrum) or practice-specific 

Software Engineering metrics if you are using some common 

method(s) or practices.

Gather data on possible applications of Big data analytics. Even if you

do not have an immediate use for the data you are collecting, 

analyzing it in retrospect can help you discover surprising patterns.

Based on the data we gathered, we cannot make any sweeping claims as to what
the best thing for your startup would be to measure. Different metrics are important
for different software startups for different reasons. An early-stage software startup
that has no users cannot measure user activity, and a B2B startup has far fewer
customers than a B2C one. Taking this line of reasoning even further, metrics
specific to your service may ultimately be the most important ones for your startup.
If you are developing and operating an online game, you may be most interested in
tracking how many of your users perform an action specific to your game every day
after logging into it.

It can also be relevant to differentiate between metrics that are relevant to your
startup team and metrics that are relevant from the point of view of your stake-
holders. As software startups largely operate under very limited resources and are
consequently reliant on outside funding especially early on, satisfying investors and
potential investors is also important. While metrics related to tracking user behavior
inside the software may be the most important ones for developing the software
further, especially nontechnical investors are likely to be far more interested in
metrics directly related to current revenue and future revenue forecasts.
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Early-Stage Software Startups: Main
Challenges and Possible Answers

Jorge Melegati and Fabio Kon

Abstract Software startups have a low probability of success. In their early-stage
days, they face several challenges from different types that make it even harder to
progress to the following stages. Some papers in the scientific literature focused
on understanding these challenges. Meanwhile, others proposed solutions to these
problems. In this chapter, we present a literature review of the challenges and
patterns displayed in the scientific literature. Challenges are divided into four
categories: related to product, market, finance, and team. The patterns presented
in this chapter are (1) Get help from the methodologies, (2) Acquire customers, (3)
Hack money incomes and outcomes, (4) Use available and simple tools, (5) Go up
to the cloud, (6) Find your mentors, (7) Long-term purpose instead of money, and
(8) Networking. We also show how the presented patterns could be used to tackle
the identified challenges.

Keywords Software startups · Design patterns

1 Introduction

To create a software startup is a hard endeavor. Although there is no consensus about
the failure rate, authors put this number as high as 75% or even 90%. Since the
early days of the software startup phenomenon, there has been research interest in
understanding why startups fail and what could be done to avoid it. For instance,
Crowne [7] developed a model to tackle this problem dividing the evolution of
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a startup into three phases: startup, stabilization, and growth. Then, he identified
common challenges for each stage and how it could be possible to tackle these
challenges. More recently, Giardino et al. [13] performed a large-scale survey of
5389 responses and a multiple-case study to identify the challenges early-stage
software startups face. In 2018, Berg et al. conducted a mapping study to organize
software startups according to their characteristics [3].

Meanwhile, some initiatives proposed techniques to improve startups’ practices.
Some of these ideas were presented in the patterns community, a group of
researchers that carries international conferences like PLoP (International Con-
ference on Pattern Language of Programs) and their continental counterparts:
EuroPLoP, AsianPLoP, and SugarLoafPLoP (in Latin America). In these confer-
ences, researchers and practitioners get together to propose and improve reusable
solutions to problems in software engineering and related areas through writing
workshops. These solutions are presented in the form of a written pattern, describ-
ing a common procedure to tackle a set of similar problems. A set of related patterns
focused on a specific context is called a pattern language.

The pattern term with this meaning was first used in the context of Architecture
by Alexander [1] in their book A Pattern Language: Towns, Buildings, Construction,
back in 1977 to present a set of solutions to recurrent architectural problems. This
format was introduced in the software landscape almost 20 years later by Gamma
et al. [12] with the seminal book Design Patterns: Elements of Reusable Object-
Oriented Software where the authors presented standard ways to solve common
programming problems and improve the quality of software architecture. Before
this book, also known as GoF (the Gang-of-Four book), the computer science
community did not have a common vocabulary to talk about high-level object-
oriented constructions. Nowadays, most experienced developers know almost all
of the GoF patterns and use their names as common words in their vocabulary, i.e.,
they talk among themselves in terms of Factories, Iterators, Composites, Observers,
etc. The idea of patterns in software was so successful that it started to be applied
to other areas of software engineering, such as architectural patterns, which led to a
collection of several books on Pattern-Oriented Software Architecture.1

The idea of turning tacit knowledge into explicit knowledge in the form of
patterns was applied to the way that teams develop software in the book Orga-
nizational Patterns of Agile Software Development by Coplien and Harrison [6].
Also, Mary Lynn Manns and Linda Rising used the pattern format to capture
expert knowledge on how to introduce new ideas into organizations [18]. In these
two cases, the patterns described social processes connecting people, usually, in a
business environment.

Thus, the pattern format is a proven technique that could also be applied to
the context of software startups. They are an easy way of making explicit, in an
easy-to-understand way, the knowledge acquired by experts in the field in the past
decades. In this century, tens of thousands of software startups failed while a few

1See http://www.dre.vanderbilt.edu/~schmidt/POSA.

http://www.dre.vanderbilt.edu/~{}schmidt/POSA
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thousand succeeded. In this process, the community learned a lot, but not always all
the information is readily available to newcomers.

Patterns are common procedures to tackle similar problems that occur
in a specific context. In the case of early-stage software startups, some
patterns mitigate challenges that threaten companies’ success.

Researchers and practitioners in software startups have recently started to capture
knowledge and write them in the form of patterns or pattern languages to improve
their practices. Eloranta [11] made the first attempt to create a set of patterns to help
startups to thrive. She described three patterns (Unique value proposition, Serve
single customer segment first, and Develop only what is needed now) and envisaged
seven more. Hokkanen and Leppanen [15] proposed three patterns to foster user
involvement in startups. In the PLoP 2015 patterns conference, two different papers
focused on software startups: Melegati and Goldman [19] proposed seven patterns,
and Cukier and Kon [8] presented a draft of a pattern language. These authors came
together to improve this nascent pattern language and published a follow-up paper
in SugarLoafPLoP 2016 [10].

In this chapter, we present Cukier’s patterns and how they can be used to
solve or, at least, mitigate the challenges described by Giardino et al. [13].
Section 2 summarizes the challenges that early-stage software startups face and a
classification based on their nature. Section 3 presents the patterns proposed and
how they tackle the challenges presented in the previous section. Finally, Sect. 4
concludes the chapter.

2 Early-Stage Software Startups Challenges

Based on a large-scale survey with more than 5000 responses and 2 case studies,
Giardino et al. [13] identified a series of challenges that early-stage software startups
face. The authors divide them into four groups based on MacMillan et al.’s four
classes model of new ventures failures [17]. The challenges are related to the
product, market, team, and finance. Table 1 presents a summary of them.

Table 1 Summary of challenges that early-stage software startups face

Category Challenge

Product-related challenges Thriving in technology uncertainty

Time spent developing features that users are not interested in

Market-related challenges Did not define and validate the need of potential customers

Attract customers

Team-related challenges Lots of activities in a short time

Build entrepreneurial team

Financial challenges Keep the business running to break-even point
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Product-Related Challenges This category encompasses difficulties related to the
creation and evolution of the product or service offered by the startup to their
users or customers. Problems put in this category are linked to startups’ innovative
nature that represents a strength but also a weakness of these new companies. The
newness to the team of technologies used to develop the product is probably the
toughest challenge for these companies, what Giardiano et al. called thriving in
technology uncertainty. Crowne [7] had already mentioned this problem calling it
"product platform" consisting of "hardware and software components that underpin
the product" being several times "not understood, discussed, and managed."

Another challenge in this category is related to the waste of time developing
features that the users do not want [13]. Ries [22] tells the story of his startup IMVU
that inspired him to write his commercially successful book where he presented
the Lean Startup methodology. At the time the company was created, there were
several instant messengers (IM) networks available, and the startup founding team
thought that having different applications to connect to each network annoyed
users. Based on this belief, they developed a product that would allow users to
use several networks in a single application. When they observed that nobody was
using it, they performed interviews with several users to understand why. They
realized that this feature was not useful to the users. Instead, they used several IM
applications to organize their friends in different groups. Nguyen-Duc classified
barriers to prototyping speed into five groups (1) artifacts, (2) team competence,
(3) collaboration, (4) customer and (5) process dimensions [20].

Market-Related Challenges In this category, problems concern reaching their
potential market, through exploiting the opportunities and getting a bigger number
of customers. The first challenge is close to the last one in the previous category.
Giardino et al. observed that software startups "do not define and validate the
needs of their potential customers." That is, most of the times, founders create their
companies to build a product idea, but they had not identified a market (customer)
need. Developing features that nobody wants and not understanding the potential
customers’ needs are two sides of the same coin. That is, instead of looking for the
customers’ real needs and developing a product to fulfill this need, startups often
focus on their initial non-validated idea and spend their scarce resources building
a product that probably nobody will pay for. Bajwa et al. described several cases
that startups need to change courses of action due to market concerns [2]. Figure 1
presents a summary of the differences and similarities of these problems.

Not validating an idea is also related to another problem in this category: to
attract customers. Without customers, especially paying ones, the company does
not generate revenue, and it cannot even attract investors to support the further
development of the company. The startup is doomed to fail. Besides that, the team
is lost, not able to tell if the product or the chosen distribution channels are the right
ones.

Early-stage startups face challenges from four types: related to the prod-
uct, to the market, to the financial aspect, and to the team.
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Fig. 1 Challenges in product and market areas related to the product creation and evolution

Financial Challenges A well-known characteristic of an early-stage startup is the
lack of financial resources. Especially before getting an investment, teams had to
persevere with their own money or from family and friends. They have to set up a
minimal structure, pay the founders or early employees a salary without the income
a conventional company has. In this category, the identified challenge is to keep the
business running to break-even point, that is, when revenue surpasses costs.

Team-Related Challenges Finally, the last category concerns the team composi-
tion, capabilities, and the tasks that are presented to it. The two main problems are
the significant number of different activities the team has to perform in a short time
and the difficulties in bringing more people onboard. The first is a consequence
of setting up a new company and all the duties that it brings constrained by a
tight budget. For instance, legal and accounting tasks should be performed, but
the startup may not have resources to hire specialized people or outsource it to
another company. Most of the times, the founders have to handle it themselves.
Nevertheless, the team still needs a good pool of talent to build the company
core: software, and also other related competencies like user interface design and
marketing. However, in this market, startups have to compete with consolidated
companies that can offer more money and stability for a small pool of talented
people.
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3 Patterns

In this section, we will present patterns proposed by Cukier et al. and how they
tackle the challenges described in the previous section. The classical form of
presenting patterns is called the alexandrian way in reference to Alexander et al.
book. This format is primarily composed of: context, problem, forces, solution,
consequences, and known uses. There are other ways to represent patterns like, for
instance, stories. In this chapter, patterns are presented in an adapted alexandrian
format. Since the context of a software startup and forces acting on them have
already been extensively discussed in this book, they will not be described for each
pattern. Instead, the pattern description starts with the solution followed by which
problems presented in the previous section it mitigates. Then, the consequences of
the pattern use are presented, both positive and negative. Finally, a small list of
known applications is presented. Figure 2 shows a summary of patterns and which
challenges they tackle.

Startup
Financial

Challenges 

Team-related
changes

Market-related
challenges

Product-related
challenges

Did not define and
validate  the need of
potential customers

Time spent developing
features that users are
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Build entrepreneurial
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Fig. 2 Challenges (in oval) for early-stage software startups and patterns (in boxes). Arrows
represent which challenges a pattern tackles
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3.1 Get Help from the Methodologies

Use Startup Development Methodologies to Avoid Mistakes that Several Other
People Already Did Several books propose methodologies to support startups
creation and to help them find their way to success. Lean Startup [22] and the series
of other books based on it are an example. Customer Development [4], a precursor
of Lean Startup, is another example. In summary, these methodologies focus on not
implementing all the software upfront but, instead, listen to your customers and try
to understand their needs and if they want your product. Startups still do not use it
as often as shown by Pantiuchina et al. [21] but, instead, often spend a vast amount
of time developing the solution instead of understanding their customers [14].

In the specific context of software startups, Agile methodologies have been seen
as useful approaches. They embrace change instead of avoiding what is common
in such an innovative environment. Although these methodologies are increasingly
popular, founders with previous experiences on traditional software methodologies
could be tempted to follow what they already know.

Besides the previously mentioned Lean Startup and Customer Development,
other methodologies focused on designing new products might be useful. Design
Thinking [5] is a set of techniques used by designers for product development
like, for instance, ideation. Design sprint [16] is a 5-day process to answer crucial
business questions through prototyping and customer feedback. While using these
techniques, Agile methodologies, e.g., XP and Scrum, should be useful to guide
software development since they embrace change instead of avoiding it. To describe
these methodologies is beyond the scope of this chapter, but an interested founder or
early employee could look for more information about them. Teams might choose to
use a set of techniques from different methodologies instead of strictly just following
one. For instance, they may follow a Lean Startup Build–Measure–Learn cycle
using Design Thinking ideation to generate hypotheses and setting up Scrum sprints.

Problems Tackled These methodologies offer tools to deal with the two related
problems: time spent developing features that users are not interested (product) and
did not define and validate the need of potential customers (market). These problems
are especially crucial in early-stage startups that are still looking for a sustainable
business model and struggle with constrained resources. Nevertheless, more mature
startups could use them to, for example, create new features or test new markets.
Using these tools, startups will better understand their customers and build what is
important for them, saving resources, and better exploring the market opportunities.

Consequences As a positive consequence, software startups using these method-
ologies have a better chance of succeeding or, at least, failing faster and saving
founders’ time and resources. On the other hand, if they do not correctly implement
the practices, wrong results could lead the team to a wrong path. For instance, not
well-planned experiments could give an opposite conclusion from the reality, and
founders are prone to trust this result.



136 J. Melegati and F. Kon

Known Uses The books presenting these methodologies display several cases.
Ries’ IMVU and Blank’s consultancy cases are examples. Besides that, there are
several books about these methodologies like those in The Lean Series.

3.2 Acquire Customers

Know Your Customer and Market and Use Multiple and Adequate Channels to
Reach Them There are several possible channels to reach customers. A startup
should have a comprehensive set of channels to market its product according to
its stage, market, and budget. It is not possible to describe all the possibilities
in this chapter; we focus on some of them. First, the company should monitor
its position on search engine results. A buzzword in this field is SEO (Search
Engine Optimization). It encompasses a set of techniques to improve a website
result rank in search engines or mobile app stores. Similar techniques could be
used to improve results on other so-called organic (not-paid) channels like social
media. If the company already has resources to spend on marketing, several other
channels arise. For instance, startups could pay for ads in search engine results or
blogs related to their products. In this regard, some practices allow the company
to wisely spend money on ads, e.g., the so-called SEM (Search Engine Marketing)
techniques. A fundamental concept in this field is the ROI (Return on Investment),
that is, how much money the company makes from a set of customers versus how
much it spends to bring those customers. This metric could be used to compare
channels. Affiliate programs where the company pays a commission based on leads
or sales could also be an option. Regarding branding, startups may work with a press
office to have their product on TV news, newspapers, or news sites.

Problems Tackled The startup should choose among these techniques those that
best-suit its market and business model, addressing the problem of acquiring
customers (market). Nevertheless, the team should pay attention to really create
value to the users and not just paying for bringing customers without engaging them
with the product. Although it may change throughout its history, a startup should
have a marketing plan: in the beginning to bring users to test their product and later
to acquire new customers and engage the current ones.

Consequences The use of different marketing channels will bring more customers,
but it will demand the acquisition of knowledge and other abilities. This requisite
could increase the number of tasks and the need for different people in the company.
Besides that, it could also represent more money to be spent. Another concern is that
the number of users may not be the correct metric to observe. For instance, if you
pay enough money, you will bring users to your website but not necessarily they are
engaging with the product. Therefore, the startup will not be validating their idea.
The number of users is an example of what Ries called a vanish metric.
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Known Uses As in the previous patterns, several books present techniques and
cases of success. For instance, there are several books about SEO techniques and
how it is possible to get many users with low investment, by just changing your
website. Another area full of examples is digital marketing.

3.3 Hack Money Incomes and Outcomes

Look for Creative Ways to Save Money in Noncore Needs There are several
creative ways to save money. These solutions represent a relevant strategy to save
money for startups that face a lack of resources. Founders have to look for ways
to not spend money on noncore activities. Whenever a big spend has to be made,
the founders should consider cheaper options. More expensive options consume
money that could be used elsewhere like the product development reducing the
time the company has the capital for running. In particular, recurrent expenses,
i.e., those paid monthly or yearly, may pose a more significant threat since they
represent a constant budget pressure. Cukier et al. give several examples: a big office
if people can start working from home or using a free co-working space; buy new
and premium equipment and furniture if second-hand are available.

Problems Tackled Saving money will help the startup to keep the business running
to break-even point (financial).

Consequences Through these hacks, software startups can save money to spend in
their core: product development. Nevertheless, the lack of a proper structure could
hinder trust in the company: future employees, investors, or customers could not get
a good impression from a company if it is not well presented.

Known Uses Cukier et al. [10] mentioned the case where one of the authors
bought used furniture for his company’s office to save money. They also mentioned
programs targeted to startups by cloud providers that give an amount of money to
be spent in the platform for a while.

3.4 Use Available Tools

Look for and Use Simple, Online or Offline, Tools to Help You Do Your Work,
Especially Those Noncore Activities Creating a company will require, sooner or
later, to incorporate a formal entity. At this moment, the founders will have several
new tasks like accountancy and finance. This requisite represents an increased
workload on founders representing less time that they can invest in the product
itself. Startups should take advantage of several online, or even offline, tools to
support noncore tasks. For instance, they can use an online platform to handle the
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accountancy and emit invoices. The use of such tools will also represent an economy
of hiring people to do these tasks.

Problems Tackled The use of tools to perform noncore tasks will decrease the
number of jobs the team should do, diminishing the problem of lots of activities in
a short time (team). Besides, the money saved using these tools instead of hiring
more people will make it easier to keep the business running to break-even point
(financial).

Consequences Using available tools, software startups will probably have their
product running faster and cheaper. Nevertheless, these tools may not be robust and
may have to be replaced during the company’s lifetime. In this case, part of the cost
is transferred to a later time for the company. Sometimes, the transition to a different
tool may be complicated and hard to achieve.

Known Uses Nowadays, plenty of tools are available online to support companies,
and startups could take advantage of them. Examples are SaaS tools for accounting
or even recruiting.

3.5 Go Up to the Cloud

Whenever Possible, Use Cloud Solutions to Provide Noncore Features of Your
Business In the last years, there is a clear trend toward IT products as services.
These solutions include not only software as the Software-as-a-Service (SaaS) but
also Platform-as-a-Service (PaaS) and even Infrastructure-as-a-Service (IaaS). For
instance, in the latter, you can get a server in a hosting company available to get
your solution deployed with few clicks. These solutions represent a huge advantage
for startups since they do not need to invest resources, for instance, to buy servers,
and avoid hiring more people in the early stage to handle tasks related to colocated
servers.

Different solutions provide different levels of control and maintenance time.
SaaS solutions, for instance, a Content Management System (CMS), does not take
time to be used but does not enable too much customization. These tools are useful
for early-stage startups to test an idea or a prototype. As the product evolves,
it becomes hard to adapt the tool to the needs. In a next level, PaaS platforms,
solutions that allow to upload the solution code but do not give access to the
underlying infrastructure, give the team more freedom regarding features without
the burden of managing the infrastructure. Finally, IaaS platforms provide a higher
level of control but pose more maintenance-related tasks. A startup team should
compare the numerous available solutions and choose the one that is most suitable
considering these aspects and considering a plan to perform once the user base and
the number of expected features grow.
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Besides that, several SaaS solutions exist for a big range of tasks, from
communications infrastructure like e-mail to team and project management tools to
source code version systems. Selecting tools that provide these features saves money
and human resources from startups that do not have to handle them in-house.

Problems Tackled Through outsourcing several tasks like infrastructure and other
noncore software, the startup team mitigates the problems of lots of activities in a
short time (team) and build entrepreneurial team (team).

Consequences Avoiding the development of some pieces and the setup of comput-
ing infrastructure will save money and time for the software startup. Nevertheless,
this will make the solution be tailored to the selected cloud platform, which
increases the risk of lock-in. Another threat is the increasing costs when the
product starts to be more used: given that these platforms generally use pay-per-
use mechanisms, the infrastructure cost could rise a lot.

Known Uses There are several cloud solutions providers, and most of them offer
some incentive for startups for a limited time. These offers could be useful to test an
idea, spending virtually nothing with hardware infrastructure.

3.6 Find Your Mentors

Search for and Connect with Experienced People That Could Help You to
Build Your Company The number of different capabilities needed by a software
startup is large. Seppanen et al. [24] classified them as application domain,
software development, hardware development, mechanics development, systematic
development work, and difficult technology domain. Nevertheless, founders are
generally focused on the innovation [23] what, in the case of software startups, is
software. There are several other tasks not related to the main competencies of the
founders, and usually, the amount of work is not enough to hire a person. Besides
that, startups still struggle with lack of resources. Experienced people could be asked
to work as advisers or mentors to the team in different areas: technology, business,
marketing, legal, etc. Mentors are common in accelerator and incubation programs
where these experienced professionals and entrepreneurs advise on a wide range
of topics from legal aspects to user experience tips. Although not all startups are
able to participate in an accelerator program, they could look for advisers through
their contact networks or in entrepreneurship events. Several mature entrepreneurs
are willing to share their experiences with others. If needed, founders could offer a
small share in the company to give an incentive for the mentor to participate in the
startup life actively.
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Problems Tackled The help of externals as mentors could be a mitigation strategy
to build entrepreneurship team (team) since their expertise could be used as itself or
through training the team instead of hiring other people from outside.

Consequences Through mentors’ knowledge, the expertise range of the team
gets broader without huge investments and hiring. Nevertheless, the commitment
may be lower than a full-time employee or founder. Besides that, a mentor could
drop out of the project, and the team will face that expertise loss. Therefore, it
is essential for the team members to begin absorbing part of the knowledge and
internalize it in the company.

Known Uses The concept of mentors and advisers is common in acceleration
programs and incubators, where experts in different areas are invited to talk to
companies and help them. Several times these mentors could become partners of
the companies.

3.7 Long-Term Purpose Instead of Money

Offer Equity, Freedom, and Job with Purpose Instead of High Salaries Software
startups have to compete with several other consolidated companies for a small pool
of talent, especially the technical one. This challenge is even a more significant
problem given the lack of resources they face. Then, startups should differentiate
from consolidated companies offering other incentives. For instance, Seppanen et
al. [24] mentioned "in [three cases], the missing economic resources led to offering
shared ownership instead of normal salaries when hiring new team members." The
most common type of incentive is equity, that is, shares of the company. From an
economic perspective, these shares could represent a possible financial outcome in
the future if the company pays dividends, is sold, or becomes public. In such a way,
employees are encouraged to work hard for the company’s success, so they will also
have a financial outcome. Besides that, there is a psychological effect of ownership,
that is, working on something that is also theirs. Another way of stimulating team
members is through a less constrained and more joyful working environment. Some
examples of implementing it are flexible working hours, free food on the office, for
example, breakfast, and social events.

Problems Tackled This pattern is especially useful for the build entrepreneurial
team (team) challenge.

Consequences Through a better proposal consisted of equity and quality of life
incentives, startups can build a better team with a smaller initial investment. On the
other hand, equity distribution could dilute the founders’ participation and could
represent a lower profit in an exit strategy. A too informal environment could reduce
productivity and could hinder a response in a stressful period.
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Known Uses Equity distribution is a popular method to compensate for the
participation of a co-founder or to reduce an early employee in a startup.

3.8 Networking

Build a Strong Contact Network Among Professional in Several Areas Related to
Your Business and the Startup Ecosystem Meeting people is extremely important
for startup founders. Other people’s experience could represent valuable learning,
and new contacts could turn into sales or investments in the company. To participate
in events organized within the startup ecosystem [9] where the startup operates or
even in other places could create these connections needed. Several institutions
or groups of people organize network events. Some universities promote events
to foster entrepreneurship within their students and the surrounding environment.
These events could also be useful to find students to do an internship or recent
graduates to work in the company. Co-working spaces may also organize gatherings
between their users. Other governmental or nongovernmental institutions may
promote events to strengthen the ecosystem. Founders should be prepared to pitch
or present their ideas to potential customers or collaborators. There are several tips
online on how to do it for different durations.

Problems Tackled Although this pattern does not directly address any of the
identified challenges, it could be useful to help to implement other patterns like
find your mentors and acquire customers.

Consequences Through contact networks, founders can have access to several
people with different expertise and resources. These contacts allow the team to
implement the previous patterns better. However, participation in events takes time
and energy that the founder is not directly using to develop the product. There should
be a balance to not hinder the development.

Known Uses There are several startup events from small meetups to big con-
ferences that connect entrepreneurs, investors, aspiring employees, accelerators,
and government agents. In these events, founders can meet possible co-founders,
funding, or other partnerships.

4 Conclusions

This chapter presented the challenges that early-stage software startups face and
a set of solutions in the form of patterns on how to tackle these challenges.
These collections of challenges and solutions are not final, and different problems
may arise for companies depending on their specific context, like market and
geographical ecosystem [9].



142 J. Melegati and F. Kon

Regarding the limitations of this approach, there are two major issues that must
be considered: (1) it is not always obvious which patterns to use and whether
that pattern is valid in the specific context of each startup and (2) there is no real
guarantee that the patterns found in the literature are really proved solutions that can
be extensively applied with successful results. To tackle the first issue, entrepreneurs
must try to educate themselves the best they can and also use the knowledge
of more experienced people like mentors and investors. The danger is that the
solutions proposed may not work well in some contexts. For instance, a startup
developing a product for a real-time environment like avionics has to follow a series
of strict guidelines that are not compatible with several solutions presented here.
Nevertheless, these lists present challenges that the majority of software startups
face in their early days as researchers observed and a set of possible solutions to
these problems.

The patterns community typically mitigates the second issue by submitting
patterns and patterns languages to a series of checks over months or even years
by both experts in the domain and experts in pattern writing. The patterns described
in this chapter, for example, were written based on years of experience of software
developers and academics in the field of software startups, and they were revised
over several writing workshops.

However, the field of patterns for startups is still in its infancy, and the existing
patterns are far from the maturity reached by other pattern communities. We
expect that practitioners and researchers will contribute to the area in the next years,
producing more and better patterns. In this way, in the future, young entrepreneurs
would have a more natural way of acquiring practical guideline to apply to their
daily, challenging lives.

Key findings

Patterns for early-stage startups present solutions to common challenges
these teams face. To implement these solutions, a practitioner should look
for different solutions, search for more information about various tools that
implement the solutions, and choose the one that best suits their needs.
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Startup Ecosystems



The Roles of Incubators, Accelerators,
Co-working Spaces, Mentors, and Events
in the Startup Development Process

Nirnaya Tripathi and Markku Oivo

Abstract This chapter aims to explore supporting factors, such as incubators,
accelerators, co-working spaces, mentors, and events in the startup ecosystem. To
understand these five aspects and to explore their roles in startups, we investigated
an Oulu startup ecosystem. In this case study, we conducted research interviews
with practitioners working with startups, accelerators, incubators, venture capital
firms, and co-working space organizations. By using real case examples, the results
discussed in this chapter can help entrepreneurs understand the commonalities and
differences between incubators and accelerators, their types (university-based or
profit/nonprofit), the kinds of business ideas, and the entrepreneurs they focus on.
Furthermore, the roles of co-working spaces, mentors, and events and their effects
on entrepreneurs and startups are discussed. At the end of the chapter, we also show
the interrelationships between these five aspects in the Oulu startup ecosystem and
their influence on different startup development stages.

Keywords Incubator · Accelerator · Co-working space · Mentor · Events ·
Startup ecosystem · Startup

1 Introduction

The financial crisis and the economic recession at the end of the last decade led
to high unemployment figures, forcing researchers and governments to focus their
attention on the process of job creation [1, 6]. Scientific studies, such as [1, 2, 9],
have found evidence that new businesses such as startups create the majority of the
net jobs compared to established companies. However, it has been found that 90%
of early-stage startups fail during their first 2 years due to various reasons, such as a
lack of problem-solution fit and a failure to learn from mistakes and face challenges,
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Table 1 A brief description of supporting factors

Supporting factors Role

Incubator To run programs (1–2 years duration) to assist early-stage startups [11]

Accelerator To run short, intensive programs (3–6 months duration) to assist
early-stage startups [11]

Co-working space To provide places to work and collaborate with other startups [11]

Mentor To guide and coach startup founders and team members to achieve the
necessary skills for the business and product development [11]

Event Activities happening at specific times and in specific places to enable
collaboration and knowledge sharing

such as building the product, finding team members, developing a business model,
creating a minimum viable product, etc. [7, 13, 18].

Thus, in order to support startups and entrepreneurs with these challenges and
avoid failures, a suitable ecosystem needs to be built to support early-stage startups
and to highlight a region’s speciality in terms of innovation and startup [8, 17].
Through a startup ecosystem, a successful startup can be created in a region.
Our earlier work [17] conducted a multivocal literature review on the topic, in
which various regional and national cases of startup ecosystems were examined
and analyzed. One conclusion from the study was that the startup ecosystem is
a regional phenomenon, and sub-elements (see Table 1 for description), such as
incubators, accelerators, co-working spaces, mentors, and events, act as supporting
factors; thus, they can play crucial roles during the early-stage startup’s development
[11, 17].

However, a clear understanding regarding the roles and interrelationships
between these five sub-elements through a case study is currently lacking. For
example, previous studies, such as [3, 4, 10, 14], have explored these aspects
separately and not in conjunction through a suitable startup ecosystem case. To
address this, our chapter discusses these aspects by taking a startup ecosystem in
Oulu city1 as a research case (see Sect. 3.2). In Oulu, every year hundreds of startups
are created, in which many of those startups get assistance from supporting factors
during their early stages. These supporting factors such as incubators (see Sect. 2.1),
accelerators (Sect. 2.2), co-working spaces (Sect. 2.3), mentors (Sect. 2.4), and
events (Sect. 2.5) are examined and analyzed for their roles in the startup ecosystem
and their influence on early-stage startups.

The chapter is divided into four main sections. In Sect. 2, we provide descriptions
of these five sub-elements along with examples, as observed in the Oulu startup
ecosystem. In Sect. 3, we briefly summarize related work and our research method
process to support our claims. Finally, in Sect. 4, we discuss the interrelationships
between these sub-elements and the study’s implications for entrepreneurs and
researchers.

1https://www.businessoulu.com/en/frontpage/en/company-networks-2/businessoulu-startup.html.

https://www.businessoulu.com/en/frontpage/en/company-networks-2/businessoulu-startup.html
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2 Supporting Factors in the Oulu Startup Ecosystem

2.1 Incubators

To become an entrepreneur and build a startup, a person (experienced or inex-
perienced) must invest effort and time in order to learn entrepreneurship skills,
find/validate different business ideas by discussing them with other people, and
identify scalable business ideas. The process could also result in finding potential
founding team members and the development of a prototype or a minimum viable
product. [C05] The word "Incubator" means to incubate; thus, their main aims are
to nurture young entrepreneurs and to raise business ideas for early-stage startups
[4]. In the literature, incubators are also described as programs of 1–2 years duration
[11] and are classified into three types [4]: university-based incubators, profit, and
nonprofit (e.g., government, community-based incubators). They provide services
such as infrastructure, coaching, and networking [14].

University-Based Incubators Two higher education institutions, the University
of Oulu (UoO)2 and Oulu University of Applied Science (OUAS),3 are actively
promoting entrepreneurship and startup culture and mindset among their students.
For example, OAMK LABS4 is a pre-incubator at OUAS, offering incubator
programs to participants to develop new skill sets and create new business and
innovative solutions [C05]. The business idea can be general, and the participants get
a mentor to develop the business idea further. In addition, Kickstart Oulu conducts a
business idea competition,5 which enables participants to demonstrate their business
ideas and to be evaluated by external expert judges. Showing their business ideas
can encourage participants to advance their business ideas further into potential
startups [C02]. At the University of Oulu, the Business Kitchen6 incubator works on
incubating the students’ business ideas. Furthermore, networking services provided
by incubators, such as the Business Kitchen, enable early-stage startups to meet
appropriate contacts, which aids in the development of some product components,
since startups’ limited resources may not allow them to build the whole product
[C10]. Moreover, university-based incubators can also assist with the transferral
of intellectual assets from university personnel to startups that are intending to
commercialize those intellectual assets [4].

2https://www.oulu.fi/university/innovations-and-entrepreneurship.
3https://www.oamk.fi/en/studies-and-applying/masters-degree/education-entrepreneurship/.
4OAMK LABS: https:/oamklabs.fi.
5https://www.kickstartoulu.fi/business-idea-competition.
6Business kitchen: https://www.businesskitchen.fi/.

https://www.oulu.fi/university/innovations-and-entrepreneurship
https://www.oamk.fi/en/studies-and-applying/masters-degree/education-entrepreneurship/
https:/oamklabs.fi
https://www.kickstartoulu.fi/business-idea-competition
https://www.businesskitchen.fi/
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Nonprofit/Profit-Based Incubators For experienced professionals, organizations
such as Starttaamo7 and Yritystakomo8 exist, in which participants discuss their
business ideas with other members whom they trust. Thus, they receive feedback on
their ideas to determine which business idea is worth developing further [C13].

Another incubator is Kielo Growth,9 which is fee-based and offers services such
as infrastructure and mentorship. Kielo creates an environment in which startups
(acting as tenants) help each other by discussing the product and the business
development. This, in turn, leads some startups to become partners to offer more
value to customers [C13-C15]. Furthermore, incubators’ managers can assist startup
companies in networking with investors, legal personnel, and accounting advisors,
and technology transfer [4].

Another interesting observation was that some experienced startup founders,
such as [C01], [C06], [C08], did not seek assistance from an incubator and only
used their infrastructure to fulfill their operations. In addition, some reasons why an
incubator could fail (as discussed in [14]) include:

– Incubators mostly provide infrastructure services rather than coaching and
networking; and

– Alternative resource preferences for entrepreneurs and startup companies are
limited.

2.2 Accelerators

The objective of an accelerator is to speed up the startup development process. Thus,
the main difference between an accelerator and an incubator is the accelerator’s
short intensive programs, which are usually between 3 and 6 months duration
[4]. Accelerators can function by experienced business people [15] assisting in
mentorship, creating the startup team members, and providing seed money. They
can also offer a co-working space to develop their primary product, and they can
help with recognizing potential customers for the product idea, networking with key
people, providing instruction on search engine optimization, and creating events to
pitch the business ideas to investors [4, 15].

The two accelerators in the Oulu startup ecosystem were Avanto10 and
Nestholma.11 Once the potential scalable business idea is identified during
the incubator’s program, startup founders can take the assistance of these two
accelerators to develop the business idea further. The two accelerators have similar
work processes and connections with other stakeholders in the startup ecosystem;
however, a key difference is that Avanto focuses on the early stage of the business
idea while Nestholma focuses on the advanced stage [C02].

7Starttaamo: http://www.starttaamo.fi/.
8Yritystakomo: http://www.yritystakomo.fi/.
9Kielo growth: https://kielo.com/kielo-in-english/.
10Avanto: https://www.oulu.fi/forstudents/entrepreneurship/avanto-accelerator.
11Nestholma: https://nestholma.com/collaboration-programs/oulu-startup-accelerator/.

http://www.starttaamo.fi/
http://www.yritystakomo.fi/
https://kielo.com/kielo-in-english/
https://www.oulu.fi/forstudents/entrepreneurship/avanto-accelerator
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Avanto is a university-based accelerator that conducts programs of 1–3 months
duration and mainly focuses on business ideas that are scalable and have the
potential to make money fast [C02]. During the program, different tools, such as the
Lean Startup methodology, design thinking, and service design thinking, are used
to shape the business idea and to assist with business idea validation and business
model development through the help of experts [C04,C11,C18]. Participants are also
provided with a co-working space to build a team [C02,C11]. Avanto cooperates
with incubators such as Business Kitchen and successful local startups to invite
them as mentors during the program. Furthermore, university researchers, who are
equipped with technical expertise but who lack business-related knowledge, can
get assistance through Avanto programs to create spin-off startups. At the end of
an accelerator program, a big event "demo day" is conducted where participants
need to do a pitch in front of a large audience and investors [4]. A similar event
was also observed in the Avanto program, which ended with a big event. After the
program, participants receive study credits for their participation in the program
[C12], and more connections and information are provided, which could lead to
further development [C10].

The other accelerator, Nestholma, focuses on experienced persons and provides
services similar to Avanto [C03]. For some startup founders, they assist with provid-
ing the necessary information during the early stages for further development [C17].
Furthermore, some experienced founding members of startups [C01,C06,C08] did
not need the help of accelerators in the startup ecosystem since they were self-
sustainable and could support themselves. As interviewee C01 stated:

We have been self-sustainable that way that we didn’t use any accelerator, and
the simple reason was that our founder was more experienced than plenty of those
people who were working in those accelerators. He knew the things already better
than those guys.

Concerning the programs, Cohen and Hochberg [4] mentioned that accelerator
programs can focus on the usual startups, but they can also target some specific
types of startups, for example, energy startups, education-related startups, or
healthcare-related startups. In addition, Haines in [8] discussed the following types
of programs to promote startups and innovation in the region: school-based (10-
week duration), Startup Basecamp (8-week duration), and programs to connect
startups with small- and medium-sized enterprises. Some interesting observations
related to accelerators reported by the authors in [15] were that, after graduating
from accelerator programs, startups were able to find investment and create profit;
furthermore, more than 70% were still running after participating in the program.

Incubators focus on incubating general business ideas, whereas accelera-
tors focus on accelerating business ideas that have the potential to scale
fast. Both organizations can work together, whereby scalable business
ideas identified through incubators can be accelerated through acceler-
ators.
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2.3 Co-working Spaces

Incubators and accelerators need to provide startup companies with infrastructures
(i.e., co-working spaces), which can include rental offices (including tables and
chairs), organizational support (such as WLAN connections, printing), and confer-
ence meeting support [4, 14]. The co-working space needs to fulfill the following
criteria: access to information, access to knowledge, access to symbolic [i.e.,
important] resources, access to social capital, and opportunities for serendipity
[12]; assist with providing a place to perform events and programs; and provision
of a work location for startups to develop the business idea into a prototype and
full-fledged product [8]. Furthermore, six types of co-working spaces are public
offices, third places, collaboration hubs, co-working hotels, incubators, and shared
studios, as discussed in [10], and which were characterized based on business
model (for profit and nonprofit) and user involvement (public, semiprivate, and
private).

In the Oulu startup ecosystem, some organizations, such as Business Kitchen,
Kielo, and Njetwork Inn,12 were providing co-working spaces. Njetwork Inn’s
objectives were to provide infrastructure and mentorship to their tenants, build
cooperation among startups (tenants), and form relationships so that some startups
could offer products/services or work together. As interviewee C14 described about
co-working space:

I think the atmosphere here is relaxed and all the companies, they help each
other. For example we have had customers from Kielo, from other companies, paying
customers and when you need help there are other companies you can ask some kind
of guidance and we have been also helping and coaching other companies here.

The Business Kitchen provided a co-working space to help people work together,
which could lead to the development of teams and prototypes [C18]. The co-
working space offered by the Business Kitchen is given to the participants in
Avanto’s program [C11]. Furthermore, the incubator Kielo also offered a working
space to startup companies. Some startups [C3] did not require a co-working
space while other startups [C8] avoided a co-working space as they preferred
confidentiality and a quiet area.

A co-working space enables the creation of a culture where startups can
collaborate to become partners.

2.4 Mentors

Qualified startup coaches and mentors need to spend a significant amount of
time during the early stage to provide the necessary support and expertise to

12Njetwork Inn: https://www.njetworking.com/en/njetwork-inn-home-company/.

https://www.njetworking.com/en/njetwork-inn-home-company/
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inexperienced entrepreneurs [C3], which could help with and lead to the creation
of an ecosystem systematically [8]. As interviewee C02 mentioned:

They are really important because they can give the knowledge and give access
to specific networks which is really important in the early stage of a startup so that
you get connected to the right people and get the right knowledge so that you can
build the best service or product or software, whatever your startup is about.

Mentors need to be familiar with the startup and their environment, open to new
ideas, and able to create an entrepreneurial mindset among the startup founding
members [C02]. Furthermore, as discussed in the previous sections, for both incu-
bators and accelerators, the first service is coaching; hence, mentors are an essential
part of their programs, who share their knowledge and expertise with program
participants during mentor meetings and seminars [4]. For example, incubators
such as Business Kitchen and Kielo offer mentorship and coaching to early-stage
startups to help with the development of a business model, a development strategy,
and making connections [C14]. A co-working space also provides mentorship to
their tenants, and managers also sometimes mentor for other accelerator programs
[C04]. Also, accelerators and incubators have created strong connections with local
startups and entrepreneurs, which can act as mentors during their programs [C11].

According to the interviewees [C10,C14,C16], mentors can assist in the follow-
ing areas:

– Marketing strategy
– Pinpointing areas where a startup needs further improvement
– Providing support in proper decision-making since founders cannot make all

decisions on their own
– Sharing knowledge on how to acquire funding

Moreover, experienced founding team members did not need mentorship, espe-
cially if they had previous startup experience. Also, for some startups [C07,C09],
markets and customers were directing their decisions. Furthermore, in one startup
[C10], the founder had more expertise in product and business development; thus, he
acted as a mentor to his team members. Some startups [C14,C15,C16] only used the
infrastructure as they had experience and expertise; therefore, they did not require
mentorship. Thus, it appears that mentorship is more useful to people who do not
have startup experience.

Mentors can be successful entrepreneurs, and startup companies in the
region can act as coaches during incubator/accelerator programs.

2.5 Events

Events provide an opportunity for entrepreneurs to network with founders of
successful startups, growth-stage startups, investors, and large companies [8]. There
are plenty of events in the Oulu startup ecosystem, and the most famous one
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is Polar Bear Pitching,13 which provides a good channel for startups to connect
with investors, media, and new experts [C02]. During the event, founding team
members can ask for advice on their problems, brand their product, build trust with
potential customers, and pitch their idea to attract new investors. As interviewee
C04 described:

Events can help as well because the more you meet particular people on different
kind of events again and again will build you the trust. Events are there to create
the initial contact, but the trust is what you need to build by consistently, going to
these events, consistently being in touch with your potential client and build that
relationship further, so the events are important

A pitching event also informs participants about the latest information on
startups, and provides startups with global feedback and visibility [C03,C04,C11].

Avanto’s accelerator program ends with a significant public event called Demo
Day,14 in which participants are asked to present and pitch their ideas to investors
and startup experts to get their feedback. Similarly, Njetworking also conducts an
event called Socializing Friday,15 which usually occurs six times a year to enable
networking among the people. Another example of this event in the Oulu startup
ecosystem is Startup Weekend Oulu.16

Events can enable startups to brand themselves and to get feedback from
experts and future investors.

3 Related Work and the Research Method Used in the Study

3.1 Related Work

Regarding the startup ecosystem, earlier studies such as [5, 8, 11, 17] discussed these
aspects. For example, [8] talks about a startup and innovation ecosystem in one
Australian city, which provides a model on how to create a startup and innovation
ecosystem environment. Similarly, [5] discussed New York City, in which various
actors were analyzed concerning the startup ecosystem. Also, in our earlier work
[17], we conducted a systematic literature review on startup ecosystems. Regarding
previous studies on incubators, accelerators, and co-working spaces, studies such as
[3, 4, 10, 14] distinctly discussed some of these aspects.

13Polar bear pitching: https://polarbearpitching.com/.
14Demo day: https://www.businesskitchen.fi/en/events-list/2018/4/24/avanto-program-demoday.
15Socializing Friday: https://www.facebook.com/SocializingFriday/.
16Startup weekend Oulu: https://www.facebook.com/startupweekendoulu/.

https://polarbearpitching.com/
https://www.businesskitchen.fi/en/events-list/2018/4/24/avanto-program-demoday
https://www.facebook.com/SocializingFriday/
https://www.facebook.com/startupweekendoulu/
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3.2 Research Method

The supporting factors such as incubators, accelerators, co-working spaces, men-
tors, and events, which were discussed in Sect. 2, were studied in a case study
of an Oulu startup ecosystem [16]. During the case study, case units such as
startups, incubators, accelerators, co-working space organizations, and venture
capitalist firms in the Oulu startup ecosystem were analyzed by collecting data
through convenient sampling by conducting interviews with founders, mentors,
and business developers working in case units. More information on case units
and interviewees’ details are shown in Table 2. During the interviews, an interview
script was used, in which one section was set to explore the roles of the supporting
factors in the startups of the Oulu startup ecosystem. A professional company
later transcribed the interview recordings. Interview transcripts were analyzed using
NVivo (a qualitative analyses software) with the use of deductive coding technique
to extract information with respect to aspects such as incubators, accelerators, co-
working spaces, mentors, and events. The results of the analyzed data are discussed
in Sect. 2.

Table 2 Case units and interviewees’ details

Id Case units (C) Size Interviewee role

C01 Startup 1–5 Founder/SW developer

C02 Accelerator 1–10 Business developer/Mentor

C03 Startup 1–4 Founder/CEO

Founder/CTO

C04 Co-working space 1–5 Event manager

C05 Venture capitalist 1–5 Investor/partner

C06 Startup 1–5 Founder/CEO

C07 Startup 1–5 Founder/CEO

C08 Startup 1–5 CEO

C09 Startup 1–5 Founder/SW developer

C10 Startup 1–20 Founder/Product owner

C11 Startup 1-5 Founder/CEO

C12 Startup 1–5 Founder/SW developer

C13 Incubator 1–5 Mentor

C14 Startup 1–5 Founder/CEO

C15 Startup 1–10 Founder/CEO

C16 Startup 1–5 Founder/CEO

C17 Startup 1–5 Founder/SW developer

C18 Accelerator 1–10 Business developer/Mentor
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4 Conclusion

4.1 Discussion on the Findings

As discussed in the Introduction (Sect. 1), this chapter was designed to explore
the supporting factors of incubators, accelerators, co-working spaces, mentors, and
events in the startup ecosystem and their roles in the startups. The findings (see
Sect. 2) from our empirical study suggest that the supporting factors play crucial
roles in the early stage of the startups, where the founders are aiming to identify
the problem–solution fit and to create the team members to establish the minimum
viable product or prototype to address product–market fit. One finding from the data
analyses is that incubators (Sect. 2.1) and accelerators (Sect. 2.2) focus on students
and experienced personnel, and provide co-working spaces (Sect. 2.3) along with
mentorship (Sect. 2.4) to the entrepreneurs participating in the programs. They also
create events (Sect. 2.5) to attract new entrepreneurs and startup enthusiasts. The
difference between incubators and accelerators was that the incubator’s objective
was to incubate a business idea and create a mindset for the participants to recognize
whether the business idea is feasible enough to scale, while the accelerator’s aim
was to accelerate the process of that scalable idea through intensive mentorship and
training. Figure 1 shows the interrelationships between incubators, accelerators, co-
working spaces, and events in the Oulu startup ecosystem as discussed in Sect. 2.

Fig. 1 Dimensions of relationships between incubators, accelerators, events, and working spaces
in the Oulu startup ecosystem
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For example, examples of accelerators are shown in the purple oval shape, and the
events they conduct are displayed in the intersection of event and accelerator oval
shapes.

4.2 Implications for Entrepreneurs and Researchers

For Entrepreneurs The points discussed in this chapter indicate that inexperienced
entrepreneurs interested in starting a new venture, it can be useful for them
to demonstrate their business ideas to others by participating in the incubator’s
program to evaluate whether the business idea is worth scaling. This process can
lead to finding potential future co-founders and team members to work further
on the business idea toward product and customer development. Furthermore,
entrepreneurs can get intensive training from the accelerators, knowledge on
different aspects during product and customer development from mentors, possible
network opportunities with potential investors, and a place to work on the busi-
ness idea through co-working spaces. Furthermore, in Fig. 2, we also described
incubators, accelerators, co-working spaces, mentors, and events effects during the
startup development stages (stages were adapted from Startup Commons17 which is
a recognized startup website).

For Researchers This chapter provides strong empirical evidence through 18
interviews concerning the supporting factors in the startup ecosystem and makes
the following contributions to the literature:

– Incubators/accelerators focus on inexperienced and experienced individuals
interested in entrepreneurship, developing new ventures and creating startups.

– For inexperienced individuals, university-based incubator and accelerator pro-
grams aim to create an entrepreneurial mindset among the students. In addition,
students receive study credits for participating in the intensive programs.

– Mentors provide the necessary skills to develop a business idea and provide
program participants with the right connections that can support their venture
creation.

– For experienced individuals, profit/nonprofit-based incubators and accelerators
can focus on supporting them.

17Startup Commons: http://www.startupcommons.org/startup-development-phases.html.

http://www.startupcommons.org/startup-development-phases.html
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International pitching
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big investors and
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Fig. 2 Roles of incubators, accelerators, co-working spaces, mentors, and events in startup
development stages
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Fostering Open Innovation in Coworking
Spaces: A Study of Norwegian Startups

Simone Sperindé and Anh Nguyen-Duc

Abstract Coworking spaces and open innovation are two trends that emerged in
the early 2000s and have gained considerable attention. Although there exists a
vast amount of research on either of these topics, the connection between them
has not been much explored. The aim of this research study was to assess the state
of practice of open innovation in coworking spaces and to propose a model that
captures this phenomenon. Empirical data were collected by surveys and interviews
with seven entrepreneurs operating Norwegian coworking spaces and two managers
of coworking spaces. We found that coworking spaces express a large potential to
foster open innovation among early-stage startups. Also, open innovation was found
to already occur in coworking spaces: Among the four coworking space dimensions
analyzed—places, spaces, events, and projects—events were regarded as the most
important ones, since they act as enablers for cooperation dynamics.

Keywords Open innovation · Coworking space · Early-stage startup

1 Introduction

Coworking spaces (CWS) have become a popular phenomenon among
entrepreneurs [1, 2] by creating a community, based on shared values of
collaboration, openness, trust, accessibility, and sustainability [3, 4]. Since the first
coworking space initiated in 2005 by Brad Neuberg, there is a rapidly increasing
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number of coworking spaces worldwide every year. A statistic source forecasts
the number of coworking spaces in the USA to be more than 30,000 in 2020,
hosting an estimated 5.1 million members [5].1 Coworking spaces usually run for
profit by entrepreneurs, and the largest companies active in the sector have become
multinational enterprises. While it is true that coworking spaces provide a cheap
alternative to a traditional office arrangement, people have many more reasons to
choose them as their workplace. Coworking spaces connect diverse organizations
and individuals, giving them the chance to collaborate, share knowledge, and
develop systemic solutions to the issues they are trying to address.

The openness, collaborative culture, and the feeling of a community suggest
that individuals or startups who sit in coworking spaces have a good potential to
seek for external resources in a coworking space. However, the role of coworking
in facilitating interorganizational collaboration is controversial [2]. In a scenario,
coworkers can work on their own objectives, circulating their own networks of
resources. In another one, coworkers can collaborate by providing and consuming
value beyond the companies’ boundaries.

As one of the known threats to early-stage startups, entrepreneurs often find a
lack of connection and useful contact. Coworking spaces provide opportunities for
interaction and collaboration, boosting entrepreneurial self-efficacy [1]. However,
Parrino argued that mere co-location alone does not foster collaborations that lead
to innovation, and a type of organizational mechanism is required for collaboration
between coworking participants [6]. We are interested in understanding which
setting of a coworking space can encourage the collaboration and innovation
generation among entrepreneurs and startups.

Open innovation, a conceptual framework by Henry Chesbrough [7], suggests a
way to look at inflows and outflows of knowledge to accelerate internal innovation
and expand the markets for external use of innovation, respectively. Although open
innovation is an extensive research area [8], there has been no attempt to adopt
the paradigm in the context of startups in coworking spaces. From our research
objective, we derive two research questions (RQs):

• RQ1: How do coworking spaces foster open innovation practices?
• RQ2: How should coworking spaces be organized to increase cooperation among

members?

This work aims to contribute to both the literature about coworking spaces and
open innovation, by proposing a novel point of view of both phenomena, which was
not considered before.

1https://gcuc.co/

https://gcuc.co/
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2 Coworking Spaces, Open Innovation, and Possible
Grounds for Interconnection

The adoption of open innovation in the context of coworking spaces remains
unexplored in innovation management research. For open innovation to be in place,
a network is of crucial relevance [9]. Formal cooperation is often the result of
informal talks and meetings, and knowledge gets shared through a set of actors that
are somehow interconnected, namely a network. In this instance, coworking spaces
come into play. Coworking spaces are open, both literally and figuratively: there are
no walls and the desks are often shared by coworkers, and the information flow is
facilitated by the organization of events and by common spaces. Capdevila et al.
[3] define a coworking space as a localized space where independent professionals
work sharing resources and are open to share their knowledge with the rest of
the community. The way they might act as enablers for open innovation is easily
recognized. Not only coworking spaces help lower the amount of many expenses
such as office rent and electricity [10]. More importantly, the cost of accessing
resources and competences held by others is much lower than it would otherwise
be. Some coworking spaces tend to specialize toward one sector to host a set
of coworkers with similar capabilities, so it is easier for a company to find just
the right guy useful for its aims. Capdevila proposed a model to capture how
innovation develops in a coworking space [10]. The four mechanisms of the model
are places, spaces, events, and projects. Places represent physical locations where
people interact. They are the basis for the generation of the so-called local buzz
[11] and the starting point for the dynamics of innovation at a local level [12].
While people in places are characterized by geographical proximity, cognitive
proximity is the distinctive element of spaces. Spaces are figurative locations [10]
where people interact and share knowledge. The combination of places and spaces
is an ideal permanent platform that makes people gather together and serves as
the basis for the origin of innovation processes. Projects and events represent
temporary platforms with the same purpose. Events contribute to the circulation
of tacit knowledge by allowing the participation of actors that would normally be
distant from each other. Thus, a larger community gains access and brings inputs to
locally generated knowledge [10]. Projects help coordinate and integrate different
knowledge backgrounds, by involving people that usually do not work together [10].

To analyze open innovation in any context, an evaluation framework is needed.
Jones-Evans et al. [13] proposed key pillars of open innovation that can be used
by researchers for their own surveys to assess open innovation practices [13].
The authors propose six pillars as indicators of the level of open innovation:
(a) knowledge and technology sourcing activities, (b) innovation expenditure, (c)
sources of knowledge, (d) human capital, (e) innovation networks, and (f) IP
protection. For the purpose of this research, not all the pillars were considered. Pillar
(b) was neglected, as the scope is not to evaluate companies’ innovation level from
the point of view of financial expenditure, so it is more meaningful to assess the
innovation performance of a company by a pillar (a) only. Moreover, for the sake
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of simplicity for the survey respondents, pillar (e)—innovation network—was not
considered: it is very similar to pillar (c)—sources of innovation—and the related
survey questions were written so as to get information about both the aspects.

Pillar 1 Knowledge and technology sourcing activities: Aside from internal R&D
activities, companies have the possibility to buy new technologies from external
sources. The outsourcing of machinery, software, hardware, or any other form
of technology is regarded as having an influence on the absorptive capacity of a
company [14]. The analysis of the sources of knowledge and technology is therefore
essential to evaluate a company’s open innovation approach.

Pillar 2 Sources of knowledge: The origin of a company’s knowledge is analyzed
to understand what the company does to enrich its intellectual capital. Along with
several different actors, external sources include all of the company’s stakeholders.

Pillar 3 Human capital: The fourth pillar is about what drives the firm’s internal
innovation activity [15]. Interestingly, internal skills and knowledge, which are
the metrics of human capital, are thought to be fundamental in the process
of assimilating and applying externally acquired knowledge, i.e., the absorptive
capacity [16]. For this reason, the analysis of human capital is relevant in the
assessment of an open model of innovation.

Pillar 4 Intellectual property protection: Finally, open innovation calls for cooper-
ation and sharing of jointly generated knowledge. However, companies should be
able to protect their innovative efforts in order to extract value from them and to
participate in the open innovation process. This ability is measured by looking at
the number of IP protection mechanisms a company resorts to.

The combination of these two frameworks gives us a theoretical foundation, as
shown in Fig. 1. Our RQs would explore the connection between places, spaces,
projects, events, and each of the pillars in the open innovation framework [13].

Coworking spaces dimensions:

� Spaces

� Places

� Events

� Projects

Open innovation evaluation framework’s pillars:
� Knowledge and technology sourcing activities

� Sources of knowledge

� Human capital

� Intellectual property protection

� Innovation expenditure
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Fig. 1 A theoretical framework

3 Methods and Tools to Address the Research

This chapter adopted a survey plus interviews approach, and it targeted exclusively
Norwegian companies operating at coworking spaces, without considering firm-
specific variables such as size, age, or revenue. We use this approach to discover
whether open innovation occurs and in which way it happens in the context of
coworking. Eligible companies were identified through coworking spaces’ websites
and then contacted to request their participation in the study.

Although they were used to some extent to conclude, the results of the survey
were not reported within this chapter, as they are out of scope. The interview results
are reported in Sect. 5, through extensively explanatory excerpts.

3.1 Data Collection

The data collection was conducted in two phases, quantitatively and qualitatively,
between May 2018 and August 2018. Firstly, a survey aimed at measuring the extent
of open innovation happening in coworking spaces was sent to several Norwegian
startups operating at coworking spaces throughout the whole country. The survey
was customized from an existing one, namely the Community Innovation Survey



166 S. Sperindé and A. Nguyen-Duc

Table 1 Investigated
coworking spaces

Coworking space Location

Colab Larvik
CoWorx Kristiansand
Gowork Asker/Drammen
Gründerhuset Hi5 Tønsberg
Gründeriet Sandefjord
Innovation Dock Stavanger
Ipark Stavanger
Mediekuben Bergen
Nordic Impact Oslo
Oslo House of Innovation Oslo
Startup Lab Oslo
Validé Stavanger
WorkWork Trondheim

(CIS)2 Innovasjon Norge,3 the Norwegian Government’s agency for the develop-
ment of Norwegian enterprises and industry, was contacted for help in reaching out
to companies. The agency kindly posted the survey on their private Facebook page,
allowing us to collect more responses. The survey was sent to 230 companies based
at 16 different coworking spaces in 10 cities in Norway (as seen in Table 1). The
total of 37 answers was collected bringing to a response rate of 16%.

Secondly, follow-up interviews were conducted with some of the survey par-
ticipants. We decided to conduct semi-structured interviews, which enabled the
interviewees to contribute with their own opinions deviating from our designed
questions. Ten interviews were done, but one was discarded, as it was not believed to
be significant for the research. Quotes were extracted from the interviews’ texts and
the most significant ones are illustrated. The process is illustrated in Fig. 2, while
the coworking spaces analyzed are listed in Table 2.

3.2 Data Analysis

The information obtained from the interview was analyzed qualitatively. A thematic
analysis approach is chosen, following the guidelines suggested by Braun and
Clarke [17]. The texts of the interviews were coded so as to spot patterns and
allow an easier reporting of the data. The difference with a pure thematic analysis
is that here the questions targeted some previously specified themes (namely, the
model dimensions and the link between open innovation and coworking spaces)

2European community innovation survey: https://ec.europa.eu/eurostat/web/microdata/
community-innovation-survey
3https://www.innovasjonnorge.no/

https://ec.europa.eu/eurostat/web/microdata/community-innovation-survey
https://ec.europa.eu/eurostat/web/microdata/community-innovation-survey
https://www.innovasjonnorge.no/
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Fig. 2 Data collection

Table 2 Summary of coworkers’ insights for RQ1

Influence of coworking spaces on

Interviewee

Knowledge and
technology
sourcing Sources of innovation Human capital Intellectual property

I1 No Yes Yes Yes
I2 No Yes No No
I3 Yes Yes No No
I4 NA NA NA NA
I5 No Yes No No
I6 NA NA NA NA
I7 Yes Yes Yes No
I8 Yes Yes No Yes
I9 No Yes No No

and no actual themes development was necessary. Rather, as the interviews were
semi-structured, subthemes and quotes related to the predefined themes were sought
in each of one interviewee’s answers: each question was asked for examining
mainly one dimension, but as the interviews were often run as conversations, quotes
related to other aspects were found in several parts of the interviews. The interview
transcripts were analyzed with the aid of software for text coding (Dedoose). Similar
quotes were highlighted and grouped under one subtheme. Subthemes were than
clustered under one of the previously established main themes. As an example,
“easiness of networking” was used as a subtheme, and the main theme in this case
was the value of the place dimension in the eyes of coworkers. Accordingly, the
quotes under the subtheme “easiness of networking” were used for reporting within
RQ1 when it came to describing coworkers’ opinions of places.
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3.3 Threats to Validity

While designing and conducting this study, various conscious decisions were taken
to strengthen the validity of results. West et al. propose different tactics for research
to increase the validity of empirical research [18].

Construct validity ensures that the interpretation of the findings is based on
objective and logical criteria and that the studied dimensions are made clear and
understandable to the readers. To ensure construct validity, multiple sources of
evidence should be used, and a chain of evidence should be provided to the reader.
Moreover, the contexts of study are various, as several coworking spaces, each with
different characteristics, were investigated.

External validity refers to the extent to which the findings are generalizable
beyond the context studied. To ensure external validity, the results are reported
according to an existing theoretical framework [10, 13], and the initial model is
refined accordingly to propose a possibility for generalization. Case study research
is often criticized for external validities as it relates to the generalization of study
findings. Our cases were conducted in various locations in Norway. The result of
the findings can be generalized to startup ecosystems with similar context, i.e., in
Scandinavian countries.

Reliability is the level to which the operational aspects of the study, such as
data collection and analysis procedures, are repeatable with the same results. The
present methodology section displays the reliability of the study by providing the
reader with the instructions to replicate the study and thorough information about
the contexts where the study was conducted.

4 Results

4.1 RQ1: How Do Coworking Spaces Foster Open Innovation
Practices?

The model assumes that the four dimensions of a coworking space have a compara-
ble influence on the development of the four pillars of open innovation. Analyzing
the role coworking spaces play in promoting open innovation translates into a
refined and more accurate model. Table 3 briefly summarizes the findings of the
perceived influence of the coworking space on each of the specified dimensions.

Pillar 1: Knowledge and Technology Sourcing From the survey results, it was
observed that internal R&D is the most practiced innovation activity. I3, I8, and I7
reported that the coworking space has an impact on their firms’ internal innovation:
“[the coworking space] gives us the opportunity to test our products at events
organized on purpose. “Thanks to comments people made to us, we got inspiration
for trying new business models.” In these cases, the place dimension sparks
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Table 3 The summary of coworkers’ insights for RQ2

Suggestions for improving cooperation � No suit-and-tie policy
� No silence policy (no forcing the coworkers to

stay silent, or collaboration might not arise)
� Common areas separated from work desks area
� Noise canceling rooms
� A good and vibrant look
� Activity-based coworking

Suggestions for events settings � Diversity
� Arrow-shaped desks
� Fun factors
� Relevant topics for the target audience
� Noise canceling rooms

communication. Some interviewees spoke about periodical community meetings,
where members can ask for suggestions about their project. These events helped
them gain useful insights.

I4, a coworking space manager, reported about some members working on a
podcast, using technical tools they had never used before: according to I4 they
would not have innovated their way of working, had not they shared the workplace.
In this example, the presence of a permanent, ideal platform consisting of the
dimensions of place and space is critical in fostering the innovative behavior
mentioned: the mix between a common place where people interact with each other
and a figurative community where they are located in cognitive proximity (where
cognitive proximity is characterized by technical competences in the broadcasting
sector that these people have in common) gives rise to a project dimension, which
displays a certain degree of innovativeness.

I3 told about the way he got the opportunity to develop a digital version of his
product, thanks to eight students working at the coworking space. He also said that
he could gather nine people for a brainstorming session for another step in the
product development, after meeting one of them at a weekly event. Such innovations
clearly originated out of his company’s boundaries, representing examples of open
innovation. The dimensions of events and places were fundamental here.

Although of different extents, all four dimensions of coworking spaces are
involved in pushing open innovation among coworking companies, which changes
the way companies carry out the knowledge and technology sourcing process. The
platform consisting of places and spaces gives people the chance to relate to each
other in synergy. Events seem to act as connectors and to play a relevant role in
bringing people to interact. Projects are the final result of the process when open
innovation can ultimately be observed.

Pillar 2: Sources of Knowledge As shown in the table, all the interviewed
entrepreneurs acknowledge having relied upon coworking peers for the purpose
of innovation. Interviewees were asked to point out and explain the sources of
innovation used within their business.
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I1, I2, I7, and I8 noted that Innovasjon Norge’s representatives visit cowork-
ing spaces on a regular basis and that they are available to help people solve
problems, indicating that consultants represent a frequent source of innovation for
coworking startups. The place dimension is clearly the enabling mechanism here:
entrepreneurs get access to free consultancy just by being there.

It was observed that some coworkers try to connect with universities. I6 stated:
“We have 3 or 4 student-startups in Grunder Hub right now. As a student, you
might have a lot to talk about with a 60 years old guy. It’s difficult for this kind
of interaction to take place in a context different from a coworking space, a place
where everybody is equal.” I7 displayed a similar way of thinking, as he explained
his ideas of organizing events to involve students in his company. Projects and events
spark collaboration in these two examples.

Coworking companies often cooperate on a customer–supplier relationship. As a
consequence, interviewees mentioned customers as a source of innovation for their
products. Likewise, competitors were highlighted as a source of collaboration. Such
actors work in cognitive proximity, making the space dimension recognizable.

Several interviewees mentioned cooperation with other companies without
specifying the relationship they have with them. In many cases, diversity is seen
as beneficial, as I8 puts it: “We can ask people that have no idea about our industry
and see if they have some interesting inputs. Translators, accountants or someone
working in hospitality can have an interesting point of view.” I6 affirmed: “Both
people in similar sectors and in totally different sectors are surprised from the utility
they get from each other.” I2 confirms this fact: “Coworkers represent a source of
innovation: I can offer a lot more services in my company thanks to collaborations
with other graphic designers.”

Sitting in the same place provides startups with access to many opportunities for
innovation. However, events are a necessary factor, as they have the power to get
people to know each other, potentially fueling later collaborations.

Pillar 3: Human Capital The table reports that only a few coworkers have their
core skills improved thanks to the coworking space. The survey results showed
quite a high degree of competences among coworking companies: it can be inferred
that coworking startups had their skills developed before or outside the coworking
environment. However, in a number of cases, coworkers admitted they had the
chance to learn something new thanks to their workplace.

I1, for example, said: “It is very good to discuss personal challenges, to have
someone to share it with who understands you.” Later on in the interview, she
added: “In my office there are a lot of people close to my business, facing the
same challenges, and I can learn a lot just by talking to them.” I7 did not have
his technical capabilities developed in the coworking space, but he recognized: “If
we were to start our activity from here, we would have people help us understand
what skills we need to develop.” Other entrepreneurs mentioned the fact that they
see an improvement in their soft skills thanks to the coworking space, through events
and other social gathering occasions.
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A space dimension is observable: I1 mentioned how she could get access to
knowledge by talking to people in her industry. Also, although this is not part of the
absorptive capacity building process, startup managers had their soft skills improved
thanks to events.

Pillar 4: Intellectual Property Protection Probably due to the fact that the
interviewed entrepreneurs run small and young businesses, the last pillar was the
least observed. A few examples can be illustrated.

I8 told about his encounter with a specialized lawyer during an event, who helped
him apply for a patent right after. Some other interviewees said the coworking space
organizes legal consultancy free of charge on a periodical basis. Events and places
are the crucial dimensions in these two examples.

The Need for a Catalyst Another fact was found, especially during the inter-
views with coworking space managers. From their answers, it was evident how
a coworking space does not do the job by itself. I4 commented: “Just by having
a coworking space I don’t think you contribute anything to innovation. You have
to create meeting places, an environment of trust.” I4’s statement is supported by
the birth of the coworking movement itself: if the place did everything needed
to stimulate synergies, then serviced offices or telecenters would be the optimal
solution, and coworking spaces would not have been born. I4 added: “In the café,
on a day to day basis, you have a lot of people around, I’m not just going to sit and
talk to you, I don’t know who you are. But once I know you because we met at an
event last week, then that barrier is overcome.”

People in a coworking space will not necessarily meet, and they have different
schedules and to-dos. I4’s firm belief is that there is the need for a catalyst:
a person that “listens to the vibration and the chatter on the surface and puts
people together.” This was confirmed by I8: “There’s the need for someone who
pushes collaboration. You should have a connector in coworking spaces, someone
who knows everybody and connects people.” Unsurprisingly, I9 expressed his
positive feelings about the activity of the management of his coworking space. He
mentioned a very active Facebook page with something happening every day. I4
asserted that “after a while it will go by itself and I think that’s what happened in
[a coworking space] in Stockholm. They started with a lot of events, like Friday
meetings with free beer and so on, but part of the events was always dedicated to
some kind of learning or sharing or pitching. Now big companies there sit side
by side with teenager YouTubers and they respect them, because they have some
knowledge that corporates lack.” In addition, I6, who defines himself as community
and events manager at his coworking space, explained: “Innovation needs people
meeting and talking and helping each other: eventually they start a collaboration.
It’s a sharing experience, a network. People here get to know each other because
there are a lot of social activities, starting from lunch together.”

Summing up, for a coworking space to foster open innovation practices, a catalyst
is thought to be of crucial importance. The catalyst uses events to build a community
and to connect people. Events were observed to originate connection among people,
sparking the influence of places, spaces, and projects on the four pillars of open
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innovation. In contrast with the model proposed previously, the coworking space
dimensions have different levels of influence on the four pillars.

4.2 RQ2: How Should Coworking Spaces Be Organized
to Increase Cooperation Among Members?

Answering the second research question helps to understand what tools the catalyst
should use and how the space should be organized to increase the chances for open
innovation practices to arise within a coworking space.

Collaboration-Enhancing Features One aspect positively underlined by many
interviewees (I2, I7, and I9) was the informal atmosphere present in their workplace.
Suit-and-tie policies, for example, might make people feel unrelaxed and prevent
them from starting a chat by the coffee machine. Another often cited aspect is the
presence of common rooms, separated from the space for offices. Common areas are
usually furnished with couches and tables, and they serve the purpose of interaction
among people, which makes it easier for them to interact freely, being sure not to
disturb someone’s work. Positive comments on common areas were reported by
coworking space managers. However, coworkers would in some instances prefer to
have a private room, to have some privacy in the case of a confidential phone call. I7
highlights an important feature that common areas should necessarily have: “Noise
should be canceled in open rooms, by using pads, angles and furniture. This is
especially important in the case of an event. Sound is really important in improving
the coworking experience.” Coworkers and managers would prefer common areas
to be located at the entrance, for giving a good first impression to those who enter.

A general claim about the physical appearance of coworking spaces was made by
I4: “The cool factor is quite important: it has to look good, it must have attraction
power. We’re done with the days where we put three engineers in a dirty old garage.
If people feel ‘this is the place where I want to be,’ they’ll put more energy!”
More energy could translate to more willingness to collaborate and innovate, so
the aesthetic factor gets relevant.

When asked about his opinion of his coworking space for collaboration, I7 men-
tioned activity-based coworking: “Activity-based coworking is based on different
rooms for different activities. If you were to have seminars, you would use [the
common room], if you were to have phone calls, you would use small rooms on
purpose, if you were to have a collaboration among two or three people, you could
sit on these noise-cancelling tables similar to those in an old American diner, if
you want to relax and have a coffee you could sit in an open area, where you
mentally invite people to sit with you and talk to you.” Activity-based coworking
is an interesting approach that might be appreciated by many coworkers, as this
quote testifies. It is a setting that might result in more interaction and collaboration
among members and, unsurprisingly, it is already being adopted by many coworking
spaces.
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Fig. 3 Clockwise: a common room; inspirational quotes to motivate coworkers; wall paintings
make the space vibrant; arrow-positioned desks to allow people to interact

The Right Event Setting As explained, events are thought to be the necessary
catalyst for open innovation in coworking spaces. Therefore, they should be
organized carefully and in a proper setting. One important aspect is the diversity
that events entail in terms of participants. The more diverse are the profiles present
at the event, the more opportunities might arise for everyone. Diversity was one of
the most appreciated factors by coworkers. An interesting feature was observed in
the events area of a coworking space. The tables are positioned in an arrow toward
the projector, as shown in Fig. 3. According to the manager, I6, “This location is the
best for a mix between presentations and social gathering. The tables are positioned
in an arrow towards the screen, so that you can pay attention to the presentation,
but also talk to the people in front of you and have a drink or some finger food.”

I4 explained what could boost attendance in her opinion: “To attract people to an
event, it’s better if you have a bit of a name.” Clearly, it is easier for an established
coworking space to reach high attendance. She also added: “[a coworking space]
had its events in the shittiest places, but they gave free beer and they pulled in
hundreds of people.” This underlines the necessity of a fun part beside the core
of the event. Finally, she said: “If the event itself has the right kind of program
and atmosphere, it will work: people will go anywhere to hear a good speaker.”
Therefore, the organizer should make sure the focus of the event is relevant to the
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coworking space members and to the target audience in general. Finally, the sound
aspect was brought up by another coworker, namely I5: “There are rooms where
it gets really loud when everybody speaks. The events rooms should not be those
ones.” Especially in the case of an event where people are expected to interact,
like a workshop, it is important that the noise is canceled, or it might be hard for
people to talk to each other and eventually get uncomfortable. Table 3 sums up the
suggestions.

5 Discussion: Different Influences for Different Dimensions

5.1 The Refined Model of Open Innovation in Coworking
Spaces

Understanding the role of coworking spaces in supporting open innovation leads
to a refinement of our initial theoretical framework. Our proposed model on Open
Innovation in Coworking Spaces (OICS in short) is shown in Fig. 4. We believe that
events have an influence more on the development of the other coworking space
dimensions, rather than directly on the four pillars (the black arrows in the figure
illustrate these relationships):

• Events give the chance to people to connect. Members get to know each other
better, and exchange mutual information about each other’s business. Events
generate spaces by putting people in cognitive proximity.

SOURCES OF
KNOWLEDGE

INTELLECTUAL
PROPERTY

PROTECTION

KNOWLEDGE AND
TECHNOLOGY

SOURCING

PROJECTSEVENTS

add value to

SPACES HUMAN
CAPITAL

enable

af fect

generate

PLACES

Fig. 4 The OICS model on open innovation in coworking spaces
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• A common place with no mutual interaction and synergies is of low value. Events
generate spaces, which then thrive within places. Events turn out to have an
indirect positive influence on places, in that through the generation of spaces,
they add cognitive proximity to merely geographical proximity.

• Events enable projects as they put people together.

The three dimensions shaped by the action of events (places, spaces, and projects)
affect the four pillars of open innovation differently. The green arrows illustrate the
relationships that we found. We explained the reasoning in the results section.

5.2 Contribution to Theory

This research’s main focus was on the role of coworking spaces in fostering open
innovation. While Lee et al. acknowledge the necessity of a network for open
innovation practices to be in place, they do not explain the process that brings to
the creation of the network [9]. This work proposes a theoretical model of Open
Innovation in Coworking Spaces that explains how different elements of coworking
spaces contribute and enable which level of open innovations.

This chapter fills the gap by illustrating the role of events. Capdevila compares
coworking spaces to industrial clusters, by recognizing a number of common aspects
[19]. However, only one out of four coworking spaces where interviews were
conducted displayed a degree of specialization throughout the whole shared office
and could therefore be included in Capdevila’s definition. Nevertheless, specialized
knowledge was observed to some extent in many coworking spaces, and members
said they found it beneficial for their business. Moreover, the interviewee sitting
in the specialized coworking space reported to prefer such a setting over diverse
environments experienced before, since much more valuable cooperation can arise
with people working in the same sector. Hence, it is believed that homogeneous
shared offices can add value in terms of collaborative endeavors, but the analogy
between coworking spaces and microclusters seems to be applicable to a few
cases. After all, this is an obvious consequence of the fact that a large majority
of coworking spaces are small and young startups themselves. Targeting only a
small specific group of workers can be very risky in such a situation: for the sake
of financial statements, managers are forced to accept anyone willing to join the
coworking space, and specialization is a rare occurrence. In contrast, diversity
was reported as positive by many other interviewees, confirming the view of
Johns and Gratton [20]. Therefore, it can be inferred that, although in different
ways, both diverse and homogeneous coworking spaces have the potential to foster
collaboration and consequently open innovation practices.
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5.3 Opportunities for Future Research

The model proposed in this work is based on what is observed in Norwegian
coworking startups. It is not a given that the results are generalizable for each and
every country. Further research should try to confirm or to validate the results by
repeating the study in other geographical areas. In addition, to allow even further
generalization, future research should control for different variables, which were
not taken care of within this thesis: the size and age of companies, the number of
members in the coworking spaces, and the background of the companies’ managers,
just to mention a few examples, are variables that can affect the results. Similarly,
different cities might interact differently with coworking spaces. For instance, as
was suggested by I4, a coworking space manager interviewed, a bigger city might
fuel innovation dynamics in a coworking space, as it contributes to fill it with new
people on a regular basis. In a smaller city, innovation in a coworking space is more
difficult to generate, but the city benefits from it. Further research should try to find
relationships between the characteristics of the city and the innovation dynamics
within coworking spaces.

6 Conclusions

The hype around the coworking movement has mounted considerably throughout
the last decade without signs of deceleration. Possibly, the financial crisis has
played a role in stimulating the coworking phenomenon: sitting in a coworking
space helps save money, and workers might have chosen this solution over other
workplaces in an attempt to save on key resources during the economic downturn.
Open innovation occurred recently but also became a global phenomenon across
various industries. In line with the ideology of the sharing economy, companies
often find it more convenient to undertake joint projects for innovation, knowing
that all the actors active in the project will gain their share of value.

The academic literature had thus far neglected the link between open innovation
and coworking space. This work aims at filling this gap and positions itself as
one of the first research work exploring the empirical connection between open
innovation and coworking spaces. The results have shown that coworking spaces
have the potential to foster open innovation practices among their members. The
role of events and similar initiatives is important in shaping a community. Two of the
studied open innovation dimensions are majorly influenced by the role of coworking
spaces, namely knowledge and technology sourcing and sources of knowledge. On
the other hand, human capital and intellectual property protection are not affected
as much.

Coworking space managers and companies can find much useful information in
this chapter. More awareness is raised about the relationship between coworking
and open innovation. This study helps companies decide on their corporate policies
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in terms of working arrangements and innovation practices and it advises managers
on how to improve internal cooperation among coworkers. Many aspects were not
considered within this study, leaving room for further development of the topic,
while tracing a possible pattern for a literature flow. Future research on this theme
should consider the suggestions proposed herein.
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Startup Ecosystem Maturity and
Visualization: The Cases of New York,
Tel Aviv, and San Paolo

Daniel Cukier, Fabio Kon , Enxhi Gjini, and Xiaofeng Wang

Abstract A healthy startup ecosystem, an environment with a well-balanced
variety of agents and supporting processes, is crucial for the development of
innovative startups. However, not all startup ecosystems are equally developed, and
it is difficult to have all the elements of a startup ecosystem in advanced and prolific
states, especially due to the fact that startup ecosystems are dynamic and evolve over
time. In this chapter, we present a maturity model for startup ecosystems, which is
built upon an analysis of three major startup ecosystems—Tel Aviv, São Paulo, and
New York. We also present the visualization of the maturity model enabled by a
web-based application that provides a user-friendly graphical representation of the
maturity of a startup ecosystem. The chapter demonstrates that the maturity model,
aided by the proper visualization, can serve as a basis for stakeholders in a startup
ecosystem to analyze their environment, identify weak spots, and propose policies
and practical actions to improve their ecosystem over time.

Keywords Startup ecosystem · Maturity model · Visualization

1 Introduction

In the era of quick technological advancements, startups, the entrepreneurial
ventures, are the new companies that are changing the world, revolutionizing entire
industries with innovative solutions. Boosted by the Internet, the omnipresence of
mobile devices and the abundance of cloud-based services, software startups with
scalable business models are an important element in the modern economy. Cor-
respondingly, startup ecosystems have also gained increasing significance. These
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ecosystems are very dynamic environments that include many startup companies
in different stages of development, various types of organizations, and people, all
being in continuous interaction with one another.

Startup ecosystems are not static entities. They are similar to biological ecosys-
tems, behaving like living organisms and changing over time. Some startup ecosys-
tems have existed for over 50 years, while others are newly born. This difference
in evolution and maturity makes comparing them a challenge. Moreover, if they are
to evolve toward fruitful and sustainable environments, nascent ecosystems need a
clear vision of how to develop their community.

Considering the existence of hundreds of technological clusters in different
countries, it is difficult to identify what is the level of development of each
ecosystem. This is why having a way to measure the maturity level of an ecosystem
with respect to multiple factors would be useful for comparing different realities and
also proposing practical actions that can help existing ecosystems improve.

Maturity models have been used in the software industry as a tool to assess
people, culture, processes, and technologies [1]. These models define a method-
ology to evaluate software development companies and IT management processes.
They are not prescribed processes themselves, but descriptions of the characteristics
of effective processes. The application of maturity models has been widened to
more than 20 other domains during the last two decades. However, classifying
the maturity of a startup ecosystem in a city is very different from classifying
software development processes in a company. When deciding the maturity of a
startup ecosystem, it is important to analyze both its static characteristics and its
dynamics, to emphasize the relationships among ecosystem agents instead of only
describing the elements as isolated entities, and to map the key factors of each
maturity level as well as the path to the next level [2]. With such a maturity model,
it is possible not only to compare different ecosystems, but also to identify gaps and
propose customized practical actions that can yield meaningful improvement and
lead ecosystems to the next level of development.

In this chapter, we describe a recently developed maturity model of startup
ecosystems by two of the coauthors [2]. The model was developed drawing upon
an extensive empirical study of three ecosystems in three different geographical
regions: Tel Aviv, New York, and São Paulo. It sheds light on the characteristics and
dynamics of startup ecosystems as well as their evolution path. The description is
enriched by a set of visuals rendered through a web application that implemented
the maturity model.

2 A Startup Ecosystem Maturity Model

The theoretical grounding of the maturity model is a conceptual framework for
startup ecosystems developed after an extensive literature review on startup ecosys-
tems and a detailed qualitative research conducted in two existing ecosystems:
Tel Aviv [3] and São Paulo [4]. Two different techniques were applied during the
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period of the empirical study: (1) a multiple case study involving 80 semi-structured
interviews conducted with key players of both ecosystems, including entrepreneurs,
educators, executives investors, etc. and (2) a systematic workshop/focus group
conducted in São Paulo.

Four maturity levels of a startup ecosystem:

– M1: Nascent
– M2: Evolving
– M3: Mature
– M4: Self-sustainable

The conceptual framework, illustrated in Fig. 1, clearly represents a set of
important elements that play key roles in a startup ecosystem, including Startup,
Entrepreneur, Market, Legal frame, etc., and a wide number of relationships
among them. The relationships in the conceptual framework have two graphical
representation: (1) continuous arrows, which represent the primary relationships that
exist in a startup ecosystem almost all the times; (2) dotted arrows, which illustrate
the relationships that are spotted only part of the times. The type of a relationship is
defined by the label positioned close to an arrow.

The conceptual framework was essential in the creation of the maturity model.
By an in-depth analysis of the collected empirical data, the main elements of
the conceptual framework were transformed into a list of 22 factors. The factors
were categorized in two groups: essential and complementary factors. The essential
factors are important to take into consideration when a specific level of maturity
has been reached by the ecosystem, while the complementary ones are important in
advancing the ecosystem to the next maturity level. By evaluating each of these 22
factors and classifying the possible results, a scale was created, containing for each
factor three possible levels of advancement: L1, L2, or L3. Table 1 shows the list of
factors and the defined scales (see [2] for a detailed definition of all the factors).

Based on the percentage of the factors at each level (L1, L2, or L3), four maturity
levels were defined [2]:

– Nascent (M1): In this state, the startup ecosystem is already recognized as a
startup hub, with already some existing startups, a few investment deals, and
government initiatives to stimulate or accelerate the ecosystem development.
However, there is still no great output in terms of job generation or worldwide
penetration.

– Evolving (M2): In this state, the startup ecosystem is in the evolving stage with a
few successful companies which also have regional impact, job generation, and
a small local economic impact. To be at this level, the ecosystem must have all
essential factors classified at least at L2, and 30% of complementary factors also
at L2.
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Table 1 The startup ecosystem maturity model, adapted from [2]

Level of advancement

Factors L1 L2 L3

Exit strategiesa 0 1 ≥2

Global marketa <10% 10–40% >40%

Entrepreneurship in universitiesa <2% 2–10% >10%

Culture values for entrepreneurshipa <0.5 0.5–0.75 >0.75

Startup eventsa Monthly Weekly Daily

Ecosystem data and researcha N/A Partial Full

Ecosystem generationsa 0 1 ≥2

Mentoring quality <10% 10–50% >50%

Bureaucracy >40% 10–40% <10%

Tax burden >50% 30–50% <30%

Accelerators quality (% success) <10% 10–50% >50%

Access to funding in USD/year <200M 200M–1B >1B

Human capital quality >20th 15–20th <15th

Technology transfer processes <4.0 4.0–5.0 >5.0

Methodologies knowledge <20% 20–60% >60%

Specialized media players <3 3–5 >5

Relative measured factors (per 1 million inhabitants)

Number of startupsa <200 200–1k >1k

Angel funding in number of deals/yeara <5 5–50 >50

High-tech companies presencea <2 2–10 >10

Access to funding in number of deals/year <50 50–300 >300

Incubators/tech parks 1 2–5 >5

Established companies influence <2 2–10 >10
a Essential factors

– Mature (M3): In this state, the startup ecosystem includes hundreds of startups,
where there is a considerable amount of investing deals, existing successful
startups with worldwide impact, and a first generation of successful entrepreneurs
who help the ecosystem to grow and be self-sustainable. To be at this level,
the ecosystem must have all essential factors classified at least at L2, 50% of
complementary factors also at L2, and at least 30% of all factors at L3.

– Self-sustainable (M4): In this state, the startup ecosystem includes thousands
of startups and financing deals, at least a second generation of entrepreneur
mentors, especially angel investors, a strong network of successful entrepreneurs
engaged with the long-term maintenance of the ecosystem, and an inclusive
environment with many startup events and high-quality technical talent.
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Table 2 The metrics
importance for each maturity
level, adapted from [2]

Maturity level

Maturity metric M1 M2 M3 M4

Exit strategies a a c c

Entrepreneurship in universities c c b a

Angel funding a a b c

Culture values for entrepreneurship c c c b

Specialized media a b c c

Ecosystem data and research a a b c

Ecosystem generations a a b c

Events c c b a

a Not so important
b Important
c Very important

The maturity model also includes a simplified metrics importance table (as
shown in Table 2) which indicates how significant a factor is in each one of the
maturity states. This can be helpful for the main players in a startup ecosystem
by showing them where they should focus their efforts for the ecosystem’s
development.

The presented maturity model has been validated and refined through an
extensive case study of the New York startup ecosystem.

After the maturity model validation, we developed a web-based application to
provide a graphical and interactive interface to the maturity model. The objective
is to represent the model in an easier to understand and usable manner, and to
enable different stakeholders to explore the characteristics and status of a startup
ecosystem, without the preknowledge of the maturity model underneath.

3 The Maturity of Three Startup Ecosystems

Tel Aviv, São Paulo, and New York startup ecosystems were investigated in the
process of building the maturity model, and their maturity evaluations are presented
in this section.

3.1 An Overview of the Three Startup Ecosystems

Tel Aviv Startup Ecosystem Israel is well known as a startup nation [5], and is
reputed to have the most startups per capita. Most startups in Israel are located in



Startup Ecosystem Maturity and Visualization: The Cases of New York, Tel. . . 185

Tel Aviv, which is a highly ranked startup ecosystem with global fame. Despite
the history of conflicts and tensions, Tel Aviv has become a leader in launching
high-tech businesses. Being a country with a small population and a paucity of
natural resources, Tel Aviv and Israel in general have to rely on alternative resources,
especially people. Israel’s mandatory military service is a contributing factor in this
aspect, as it exposes young people to accountability and responsibility.

After certain economic difficulties in the 1980s and a change in the government
toward a more liberal view of the economy, public policies changed toward strength-
ening the private sector. Although still with a strong well-fare state and government-
supported funding for health, education, and research, nowadays, the private sector
is the one that drives most of the Israeli innovation and economy. Beginning in
the 1970s, large high-tech multinational companies started to establish research and
development (R&D) centers in Israel attracted by the comparatively cheap, high-
quality scientific and engineering labor. Nowadays, Israel hosts R&D centers from
most major IT companies in the world, including Intel, IBM, Microsoft, Google,
HP, Yahoo!, Facebook, Oracle, SAP, Cisco, Siemens, and Motorola [3].

São Paulo Startup Ecosystem São Paulo is the largest Brazilian city, the 12th
largest city in the world. It is the financial center of Brazil and hosts the headquarters
of many major companies and banks, including many foreign companies doing
business in Brazil. São Paulo is home to the Bovespa, the largest stock and
bond exchange in Latin America. It has several leading science and technology
universities. Foremost among them is University of São Paulo (USP), founded in
1934, one of the largest universities in the world, with more than 90,000 students (of
whom almost one-third are masters and doctoral students); 4 of its 11 campuses are
located in the São Paulo metropolis [4]. The city concentrates over 60% of startup
investments in Brazil and well over 2000 ventures working on tech-based products
and services.

São Paulo is the Latam base of many Fortune 500 companies and tech giants
like Spotify, Airbnb, Google, Netflix, and Amazon. It is also home to many local
unicorns, including 99 (sold to Didi), PagSeguro (IPO at NYSE), Nubank (now a
decacorn valued at US$10B), Stone (IPO at NASDAQ), and iFood.

New York Startup Ecosystem New York City is the business capital of the world,
as well as the center of advertising and the financial, food, and fashion industry.
It is supported by a robust high-tech entrepreneurial policies system and a strong
pool of human capital, blossomed into FinTech, FashionTech, FoodTech, AdTech,
Marketing Tech, Real Estate Tech, and so on.

In the late 1990s, New York City was in its nascent phase and had already
acquired much of the necessary support infrastructure to evolve quickly: the
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metropolitan region is home to top research universities like Cornell, Columbia,
New York University, and the City University of New York, which all have special
programs for entrepreneurs; many (sometimes free) co-working spaces like General
Assembly and WeWork (which was valued $17 billion in 2016) started to emerge;
the public transportation system is efficient; and big tech companies established
offices in the city (for instance, Google’s office in the Chelsea neighborhood).

3.2 The Maturity Levels of the Three Ecosystems

Applying the maturity model described in Table 1, the maturity levels of the three
ecosystems were evaluated as shown in Table 3.

The analysis of the three startup ecosystems at two different maturity levels, and
their evolution through the maturity levels, revealed many insights regarding how a
startup ecosystem can evolve healthily. Among them, several key points are:

The Minimum Requirements for a Startup Ecosystem to Exist in Its Nascent
Stage One of the first requirements for an ecosystem to exist is to have great
entrepreneurs. It seems obvious that any startup ecosystem needs entrepreneurs,
but it is not so obvious that the entrepreneurs are the seed of everything. This
means that talented entrepreneurs are necessary even at the first nascent stage of
an ecosystem. The existence of high-quality research universities in the region is an
important attractor for these talents, especially when there are programs for tech
entrepreneurship. The presence of big tech companies can also be considered a
talent attractor, but not necessarily all the talents will become entrepreneurs.

By analyzing the three startup ecosystems, it is clear that all of them surpassed
the nascent stage.

The Requirements for a Startup Ecosystem to Be Self-Sustainable A startup
ecosystem reaches a self-sustainable level when there are at least two generations
of successful entrepreneurs that start reinvesting their wealth in the ecosystem by
becoming angel investors and offering their mentorship. This is only possible when
there are many opportunities for merge and acquisition (M&A) as well as initial
public offerings (IPOs) in the market, and, moreover, when the entrepreneurial
culture is widely accepted and understood, supported by high-quality educational
institutions, and startup events happen almost every day. When the ecosystem
reaches the self-sustainable maturity level, the media also plays the role of main-
taining the momentum and awareness of the public.

Both Tel Aviv and New York are considered to have reached the self-sustainable
maturity level. On the other hand, São Paulo has not reached this stage yet, since
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Table 3 The detailed information on the maturity levels of the three startup ecosystems, adapted
from [2]

Startup ecosystem

Factor Tel Aviv São Paulo New York

Exit strategiesa L3 L2 L3

Global marketa L3 L2 L3

Entrepreneurship in universitiesa L3 L2 L3

Culture values for entrepreneurshipa L3 L2 L3

Startup eventsa L3 L2 L3

Ecosystem data and researcha L3 L2 L3

Ecosystem generationsa L3 L2 L3

Mentoring quality L3 L2 L3

Bureaucracy L2 L1 L3

Tax burden L2 L1 L3

Accelerators quality (% success) L3 L1 L3

Access to funding in USD/year L3 L2 L3

Human capital quality L3 L2 L3

Technology transfer processes L3 L1 L3

Methodologies knowledge L2 L2 L2

Specialized media players L2 L2 L3

Number of startupsa L3 L2 L3

Angel funding in number of deals/yeara L3 L2 L3

High-tech companies presencea L3 L2 L3

Access to funding in number of deals/year L3 L1 L3

Incubators/tech parks L3 L2 L3

Established companies influence L3 L2 L3

Essential factors L3(10) l2(10) L3(10)

Complementary factors
L2(4) L1(5) L2(1)

L3(8) L2(7) L3(11)

Maturity level
Self-sustainable Evolving Self-sustainable

(M4) (M2) (M4)
a Essential factors

the required characteristics, such as an evolved IPO market or two generations of
successful entrepreneurs, do not exist in the ecosystem.

The Evolution of a Startup Ecosystem It is possible for self-sustainable ecosys-
tems to exist if the local culture values the entrepreneurial behavior. For instance,
when comparing New York with Boston, the startup ecosystem in Boston (the home
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of MIT) did not take off as fast as that in New York, because the local culture
of Boston is much more conservative, while New Yorkers are more open to risk.
Entrepreneurial culture, which is something very difficult to change in a short term,
plays a significant role in the evolution of a startup ecosystem.

The maturity levels of three major startup ecosystems:

– Tel Aviv: Self-sustainable (M4)
– )2M(gnivlovE:oluaPoãS
– New York: Self-sustainable (M4)

Nevertheless, the evolution of São Paulo startup ecosystem shows that culture can
change, though it may take time. There, the first generation of tech entrepreneurs
started timidly in 2000. At that time, young people were supposed to finish their
university degrees and find a job. After 15 years, the scenario changed to a culture
in which being an entrepreneur is a lifestyle. São Paulo is a city with many
characteristics similar to New York: a large metropolis, with millions of people
(mostly first-, second-, and third-generation immigrants); a financial, advertising,
and business center; and a culture of hard work, where time is money. São Paulo
has all the potential to evolve from the evolving (M2) level to mature (M3) or
even self-sustainable, but for that to happen, it must overcome important obstacles,
like developing more policies for tech-talent attraction; reducing the tax burden;
improving the law framework for company creation and closing; investing in mobil-
ity infrastructure to facilitate access to high-quality universities; and advancing the
investment market.

It is important to emphasize that the maturity levels of the three startup
ecosystems reported in this chapter were evaluated based on the data collected
in 2015 and 2016. Tel Aviv and New York were already at M4 (self-sustainable)
maturity level at that moment, and so there would be no big difference compared to
their maturity levels in 2019. São Paulo, on the other hand, has much evolved in the
last several years. Even though it is subject to further research, it is quite probable
that the maturity level of São Paulo startup ecosystem has reached M3 (mature)
level in 2019.

4 Startup Ecosystem Maturity Visualization

In this section, we present a web-based application that implemented the maturity
model. It provides a graphical and interactive user interface to explore the maturity
evaluation of startup ecosystems.

The web application provides three levels of representation of the maturity of a
startup ecosystem:
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Fig. 2 The illustration of the overall maturity level of São Paulo startup ecosystem

Fig. 3 The dimensions of the startup ecosystem factors

– A general view of the overall maturity level (M1, M2, M3, or M4)
– A clustered view of the maturity level along eight dimensions
– A zoomed-in view of one dimension with the clustered factors, their levels of

advancement, and the explanation and advice related to that dimension

The overall maturity level of a startup ecosystem is visualized in a fairly
straightforward manner, e.g., as shown by Fig. 2.

To visualize the detailed evaluation of the 22 factors and their levels of advance-
ment (as explained in Table 3), we clustered the factors into 8 different dimensions.
Figure 3 is the schema of this clustering. To visualize each dimension, we needed
to decide the maturity value of each dimension, which was in turn decided by the
levels of advancement of the factors mapped into this dimension. For this purpose,
we used calculation tables illustrated by Table 4 for each startup ecosystem (using
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Fig. 4 The clustered view of the maturity level of a startup ecosystem: the examples of Tel Aviv
and São Paulo

São Paulo as an example. Note that one factor can be mapped to more than one
dimension).

The clustering dimensions and the calculation tables provide the basis to create
the clustered view and the zoomed-in view of the maturity of a startup ecosystem,
as shown in Figs. 4 and 5. These two views use Google Map to visualize the
geographical location of an ecosystem, and also apply the day/night map style, as
shown in the two figures.

We have evaluated the web application with several local startup ecosystem
stakeholders in Bolzano, Italy. The results were positive from both usefulness and
usability perspectives. They pointed to various ways to improve and extend the
features of the application, in order to better serve the potential users, who are
various startup ecosystem players, and above all, local policy makers.
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5 Conclusion

A healthy startup ecosystem, an environment with a well-balanced variety of agents
and supporting processes, is crucial for the development of innovative startups.
However, not all startup ecosystems are equally developed, and it is difficult to have
all the elements of a startup ecosystem in advanced and prolific states, especially due
to the fact that startup ecosystems are dynamic and evolve over time. In this chapter,
we presented the maturity model developed based on the empirical study of three
startup ecosystems: Tel Aviv, São Paulo, and New York, and the visualization of the
maturity model enabled by a web-based application that provides a user-friendly
graphical representation of the maturity of different startup ecosystems.

Our work demonstrates that the startup ecosystem maturity model, aided by
proper visualization, can serve as a basis for stakeholders in a startup ecosystem to
analyze their environment, identify weak spots, and propose policies and practical
actions for improving their ecosystems over time.

Future work regarding the maturity model includes collaborating with other
researchers in using the maturity model to analyze new regions and derive concrete
actions that should be taken to improve those ecosystems. This research could also
be extended to other regions outside from big urban centers. It is a challenge to
develop fruitful startup ecosystems in smaller cities. In the long term, small and
medium cities tend to loose talent and resources to big centers. We consider that
there is a vast field of research to be explored on startup ecosystems in small
and medium cities. Regarding the implementation of the maturity model, the next
meaningful step would be automating the collection of maturity-related data from
various ecosystem stakeholders, which is crucial but effort-consuming, and could
be streamlined using automated web-based solutions.
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Thailand’s Software Startup Ecosystem

Aziz Nanthaamornphong and Rattana Wetprasit

Abstract Software startups are currently very popular in Thailand, and exist-
ing information reveals an increase in the number of participants and investors
in software startup businesses. Moreover, widespread events have been held to
showcase the products and services these businesses have contributed. Software
startups primarily develop innovations in the form of software produced from
limited resources within a limited time. This software must be able to contribute to a
sustainable business, and must be adjustable to each business size. Previous research
indicates that both attention and emphasis must be placed on the importance
of studying software startups in the form of empirical research. This will assist
decision-making for those who are interested in initiating software startups and
those who want to support them. Research has scarcely studied software startups in
Thailand, and therefore, we are interested in Thai startups’ current situation as well
as the startup ecosystem. This study clarifies that software startups in Thailand are
defined as newly emerging businesses anticipated to help businesses grow quickly.
Each software startup is in search of a different business model, as current software
startups in Thailand have been created to help and support particular businesses.
However, software startups rarely invent their own unique, exotic business models
or apply advanced technologies and research in their startups.

Keywords Software startups · Software engineering · Case study

1 Introduction

A software startup is a form of business with exponential growth and that can expand
by searching for new business models; further, they apply technology in conducting
business from newly emerged ideas. Coleman and O’Connor [3] defined software
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startups as "unique companies that develop software through various processes and
without a prescriptive methodology." Alternatively, a startup should be considered
as a temporary organization, which seeks a scalable, repeatable, and profitable
business model, and therefore aims to grow [2].

Currently, businesses as software startups have become immensely popular in
Thailand. The public and private sectors have both financially supported this move-
ment to open up more opportunities for those in technology startups. Moreover,
several events have been held to present products from these technology startup
businesses, such as the Startup Thailand Job Fest 2017 [8] and the government’s
Thailand 4.0 policy, the latter of which seeks to enhance Thailand’s economy
through innovation. Thus, many government agencies have provided budgetary
support to develop software startups from around 2015 to present. Several min-
istries and government agencies are involved in this movement, such as the Ministry
of Digital Economy and Society, Ministry of Science and Technology, and Ministry
of Education. Consequently, the current software startup trend has gained significant
attention in terms of the desire to initiate successful software startups, as well as both
Thai and foreign investors’ aspirations to invest in them.

A survey conducted from 2012 to 2017 reveals the growing number of software
startup companies in Thailand [17], as well as the growing number of investors
who are ready to financially support these software startup businesses. Addi-
tionally, research on software startups in Thailand collected data on all software
startup businesses, their growth in funding, and information about the startup
business’ founders. This data indicated the growing interest in software startups
in Thailand [18]. Even so, no current research has been conducted regarding the
significance and ecosystem of software startups in Thailand. Moreover, software
startup research is crucial during the funding process to help those involved make
decisions and avoid these businesses’ failure [10].

One important characteristic of the software startup is its development of innova-
tive software, produced under pressure and with scant resources. This software must
be able to contribute to a sustainable business and be adjustable to each business
size [1, 7].

Previous studies demonstrate that researchers are interested in software startups
due to their challenges. Specifically, companies aim to innovate with limited time
and resources, and they educate themselves about software startups through such
networks as the Software Startups Global Research Network [13], which is a
collaboration between researchers and those interested in software startups. These
networks are organized to distribute research results in the software startup context
and publicize this knowledge and equipment for both operators and entrepreneurs.
They also aim to reveal methods to reduce errors and increase chances of success.
Although other countries have conducted partial research studies, it has been found
that software startup research in Thailand is still relatively limited. Therefore, a need
exists to investigate software startup businesses in a Thai context [9, 11].

The primary goal of this study is to better understand the current situation and
ecosystem of software startups in Thailand. We used a research method involving
in-depth interviews with Thai software startup companies, as well as the public and
private sectors that support them.
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2 Background

Thai startups are growing rapidly, which could be due to the accessibility of Thai
technology. For instance, e-commerce startups in Thailand have earned more than
USD $2.9 billion. Therefore, Thailand has the potential to promote the growth of
startup businesses. However, many Thai startups have been less than successful,
which might be influenced by other factors as well.

In 2017, investment in startups was mostly in e-commerce businesses (21%),
compared to FinTech (9%), Logistic Tech group (8%), and e-payment businesses
(8%). The smallest investment was in the food sector (6%), while the remaining
investment was in other startup sectors (48%).

To understand how Thai startup ecosystems differ from other Asian countries,
we examined ecosystems in Singapore, Malaysia, and China.

In Singapore, the government set up various projects to support startups. For
example, in 2016, "SGInnovate" was established by a public sector under the
National Research Foundation (NRF) [14] to coordinate communication between
specialized business consultants, investors, and researchers. This project concen-
trated on startup company development, especially business groups using deep
technology for commercial purposes. Examples included artificial intelligence
(AI), robots, digital health, smart energy, transport, blockchain, and Big Data.
In addition, SGInnovate formed a financial network between public and private
sector startups, to support business plan development, seek funding, and mobilize
startup companies to enter into the stock exchange. Despite a lack of financial
resources, the government of Singapore realized the availability of human resources,
and pushed to the world market. They formulated clear criteria concerning startup
company qualifications, and facilitated joint investment between public and private
sectors. For instance, to receive financial support, a startup company must be a small
and medium enterprise, doing business required by the government. [16]

In Malaysia, the government had a strong objective to develop the ecosystem of
FinTech, which serves the needs of financial industries, and promotes innovation in
the country. Therefore, the subagency of Malaysia Digital Economy Corporation
(MDEC) [4] was established to monitor and develop technology and media, as
well as the country’s development in the digital age. Recently, the MDEC provided
startups with a centralized network, entitled Malaysia Digital Hub (MDH). This net-
work improved capacity with high-speed internet and included high-speed fiberglass
connection equipment for easy communication. Also, the MDEC linked startups
with public and private investors, creating new opportunities, while facilitating
interaction. In addition, the MDEC gathered networks of startup initiators across
20 countries. This allowed startups to easily expand their networks. In addition,
the MDEC cooperated with leading companies such as Microsoft, Next Academy,
Maybank, and Y Academy to mobilize the growth of startups. Furthermore,
some programs exclusively made for technological enterprises like Malaysia Tech
Entrepreneur Programme (MTEP), created opportunities for startup entrepreneurs
to launch or expand their businesses in Malaysia. This channel diversified startups
in the country, resulting in various FinTech services.
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In China, the Ministry of Finance, and the State Administration of Taxation
introduced a policy on tax assistance. This policy offered benefits for venture capital
companies, angel investors, individual investors running startup companies for deep
tech businesses, and eight industrial groups already stipulated by the government.
Income tax reduction could be applied if income was lower than 50 million Yuan
per year, and the cost ratio for research and development was at least 5% of the
annual income. In addition, the cost for research and development could be deducted
from the tax base for more than 150% [6]. The policy of tax deduction encouraged
knowledgeable and resourceful Chinese business owners to initiate startups in their
homeland. Because the Chinese believe that technology adds value, they were also
interested in AI, and deep tech for both big and small businesses. Moreover, highly
competitive businesses in China required technology to support an array of modern
innovations [19].

3 Research Methodology

This study empirically investigated Thailand’s software startup ecosystem using in-
depth interviews of the government agencies, private enterprises that support Thai
software startups, and Thai startup companies. The generated questions aimed to
address the following research topics:

1. Contextual factors of Thai startups, such as the definition of software startup
businesses, environment, culture, and investment period.

2. Support aspects such as the method of supporting startups and the criteria for
selecting which startups receive support.

3. Problems and future changes in Thailand affecting startups.

We selected the interviewed participants from lists from Techsauce (2017) [17]
and the New Economic Warrior platform [18]. Eventually, we selected 35 partici-
pants in Thailand, divided into two groups: (1) 5 organizations that support software
startups, and (2) 30 software startups. Table 1 notes the details for the first group
participants. Regarding the software startup group, businesses came from several
regions across Thailand. We classified the software startups into eight groups as
shown in Table 2.

Each participant was interviewed for 60–90 min, during which time data was
gathered through voice recording. This information would be used in a qualitative
analysis incorporating the coding analysis method [15], which is used to decrypt
messages through a group format, or "theme." This is one way to divide infor-
mation into portions of text from sentences, which reduces the data’s complexity;
moreover, it enables researchers to capture the data’s key points. After the messages
were grouped, we could then analyze these grouped messages to reveal conclusions
on our various proposed issues.
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Table 1 Organizations’ profile

A001 A government agency that promotes software startups, ranging from recently
launched software startups to developed software startups that want to expand their
businesses. This entity opens startup incubators to support new startup businesses,
and supports startups in each phase through various projects, in terms of education
and funding

A002 A private enterprise that uses the company’s money to invest in software startups
associated with the company by opening up a startup accelerator for support. Thus,
software startups can participate in the project and receive funds through
investments as corporate venture capital

A003 A private enterprise that uses the company’s money to invest in software startups
through corporate venture capital investment funding

A004 A government agency that supports software startups by educating and funding
those businesses in their initial phase through the agency’s project, which aims to
provide startups with the skills to develop their own business models

A005 A co-working space that provides support and facilities to enable startups and
developers grow their businesses

Table 2 Software startup groups

Software startups groups Number of startups

Tourisms technology 7

Financial technology 4

Lifestyle and personal service technology 4

Medical technology 3

Education and government technology 3

E-commerce and logistics technology 3

Industry 4.0 and clean technology 3

Property technology 1

Human resource technology 1

Agriculture and food technology 1

Total 30

4 Results

An analysis of the interview data reveals three conclusions based on the proposed
research questions: (1) contextual factors of Thai startups, (2) support aspects, and
(3) problems and future changes in Thailand affecting startups. Each section is
detailed as follows:

4.1 Contextual Factors of Thai Startups

The analysis indicates subtopics, including tech startup definition, culture, and
environment.
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The Definition and Features of Software Startup Businesses Software startup
businesses’ features will be introduced and defined by comparing these businesses
to small- and medium-sized enterprises (SMEs). Present-day software startups
and SMEs have both received dual support from the government under various
programs, including: the Small Industry Credit Guarantee Corporation, the Thai
Credit Guarantee Corporation, and the Public-Private Collaboration of Support in
SMEs, Startups, and Social Enterprises. However, current studies show that the
features of software startup businesses and SMEs substantially differ in terms of
how they use funds, both in terms of investments and business expansion; Table 3
provides further details provided by the supporter organizations.

Environment The environment that supports Thai software startups includes:

– Co-working space. The software startup collection center is a place where startup
employees can gather and work. Moreover, it is also a place where these groups
can share and exchange ideas. For example, startup companies that meet to work
at co-working spaces can exchange ideas or ask for others’ opinions by allowing
others to test the applications that each startup develops. Additionally, these
spaces are a source of new business partners, as these centers assemble groups of
startups. Lectures and seminars are also held within these co-working spaces to
educate startup employees on relevant knowledge; these seminars either include
paid or free attendance.

– Incubator center. These aim to provide consultations for startup employees and
connect their businesses, as these employees may be unaware of problems their
companies may face during the initial software startup stage. Thus, incubator
centers evaluate the startup’s potential and make plans for the startup to conduct
its business model. By comparing the problems that may arise within the startup
company and its potential, the incubator center can later consider a startup
company’s future actions through an action plan. These accordingly guide the
startup in its operations each year, and help the startup establish long-term 5-
year company goals. Thailand’s universities host incubator centers, although
none has hired full-time software startup experts. Another incubator center can
be found in organization A001 (Table 1); this incubator center has established
for approximately 15 years. Moreover, the startups that join this agency will
receive an expert business analysis regarding each startup’s situation. A different
incubator center will address each startup depending on their needs. However,
Thailand currently has insufficient incubator centers to meet startups’ demand,
and no incubator center has received full government support. This contrasts
Thailand’s neighboring countries, such as Malaysia; their “magic” incubator
center is a government agency that recruits around 100 startup teams each year to
join the center for 6 months and learn according to the government’s curriculum.

– University. The university is an important part in the Thai software startup
ecosystem, as universities include experts in advanced software startups, such
as artificial intelligence. Further, research is also brought into universities to
establish real startups. Therefore, universities have an important role in producing
startups that are technologically advanced and provide the country with startup
research-related items.
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Table 3 SMEs versus Software Startups in the Thai context

SME Software startup

Definition A business whose products are
purchased, then sold through a
storefront. As SMEs have been
registered, they are obliged to
follow the entire business process

A newly emerged business that is
expected to grow rapidly by
combining the use of science,
technology, and innovation. The
business must grow exponentially
and must be able to expand and
replicate; each startup has a
different business model with a
clear business direction

Establishment Although SMEs are established as
new businesses, they still use
general forms of business
management

Each business is established to find
its particular business model based
on the product that is produced

Using
technology

Some SMEs do not use technology Startups use technology to assist in
more rapidly expanding the
business. This technology is used as
a medium to communicate with
customers through the business’
applications and websites

Investment Investments occur using the SME
owner’s own money, or they must
find their own funds to invest, such
as bank loans with one’s property as
collateral

Investments occur using the owner’s
own money or proposing ideas to
investors in requesting investment
funds. However, software startup
businesses cannot receive loans
from banks, because it is difficult to
guarantee such loans

Growth These SMEs grow organically by
expanding to include multiple store
locations. This requires the same
capital needed to invest in the initial
store, while doubling the amount of
investment money

Exponential growth occurs without
having to start from the beginning.
Global growth is one way to
expand, in that businesses grow
from one country to another by
increasing only 20–30% of their
investment funds

Business
expansion

These SMEs expand by opening
more locations. The same business
process occurs in expanding a
store’s branch from one to two
stores, which in Thailand may
simply involve an expansion from
one province to another

The existing system can be further
adjusted. For instance, a startup in
one country can expand their
business to other countries by
merely converting the old system’s
language into the new country’s
language

Personnel No more than 50 employees A team or group of people operate
startups from the same or different
branches

Culture This factor impacts the software startup ecosystem. For example, some
startups have no new ideas, but it is possible to bring in successful startups from
other countries to Thailand, and refine them for use with the Thai people, who are
also considered successful. In other cases, some startups are well known in other
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countries, but might not be marketable in Thailand due to cultural limitations and
the differences in laws in each country. Therefore, although some startups may not
be able to think of new business models, they can understand a particular country’s
culture and ways of life. Consequently, this kind of startup can also be successful in
certain countries.

Our interviews indicated that the top 3 reasons for choosing Agile methods were
as follows: (1) Agile development handles changes smoothly, even when introduced
to projects late; (2) Agile development results in frequent feedback from the team,
which helps to improve the quality of software by reducing project risk; and (3)
Agile development enables software developers to develop software that meets
customers’ needs and requirements. For example, one interviewee said, “Scrum
helped the team to change the design when we have a new idea.” Four interviewees
agreed, saying, “Agile is a fast way to deliver, adapt to changes.”

Many startups mentioned Agile methods that they adopted to develop their
software products or services. Although many startups had not previously used
Agile methods (e.g., Scrum, eXtreme Programming), they tried to learn how to adapt
these methods to their software projects. We found that 20 startups adopted Agile
methods with their projects. The top choices of Agile methods implemented among
Thai startups were Scrum (65%), eXtreme Programming (20%), Kanban (5%), and
Lean (10%).

Besides Agile methods, all startups used some software engineering practices.
Daily standup practices were adopted by 45% of the Thai startups. Prioritized
backlogs, retrospectives, unit testing, short iterations, iteration planning, task board,
and refactoring were adopted by 20%. Team-based estimation, coding standards,
test-driven development (TDD), iteration reviews, continuous integration, pair
programming, and single team (integrated development and testing) practices
were adopted by 15%. Automated acceptance testing, release planning, continuous
deployment, dedicated product ownership, open work area, story mapping, collec-
tive code ownership, and behavior-driven development (BDD) were adopted by
15%, while Agile game was adopted by only 5%.

4.2 Support Aspects

Currently, Thailand’s software startups are supported by both public and private
sectors. These software startups range from those in the idea-proposal stage to
those that need investment funds to expand their businesses, as well as the various
organizations that assist these startups; the details of each segment are as follows:

Private Sectors This involves companies that are not registered to trade on the
stock market, and can be categorized as follows:

Venture Capital This mutual fund does not use their own company’s funds to
invest, but uses funds from multiple investors. The company later uses the money
received from investors to invest in startups, in which the person investing must be



Thailand’s Software Startup Ecosystem 203

able to accept the risk of investment. Moreover, the objective is to profit from the
investment and return the profit received to those investors. For example, investors
might provide a dollar to give a startup the investment money to grow, with the
hope that the investor will receive 10 dollars back. Most investors would each
have to invest millions of dollars, and the investor would have to follow up with
the startup after investing by measuring the financial return to determine not only
how much the startup has grown, but also the extent of returns it is making for its
investors.

Corporate Venture Capital (CVC) This company uses its own funds to support the
startup process without gathering money from other investors or opening up funds
that receive outside funding. As the company invests its own money in startups, it
aims to support startups associated with the company’s operations. Moreover, the
company may apply what the startup has created within the company. Further, this
investment brings in new technologies to help enhance the business. However, the
startups that joined the program with the leading company do not need to become
the supporting company’s subsidiaries. Startups that are supported by the company
can create their own startups for other companies’ use; these CVC-type companies
will support startups greater than the Series A level, as those startups are already
relatively stable.

Regarding startups’ funding, for example, A002 will support startups in the
financial technology field, as well as those related to financial technology. Moreover,
the company can apply the startup’s application to the company’s queuing system.
Other than supporting the startups directly associated with the company, the
company can also support startups that are commonly useful in other parts of the
business as well. As A002 holds many events, the company was forced to find a
technology to assist in its event management; this application allowed eventgoers to
purchase and pay for tickets.

As another example, A003’s investments consisted of startups still in the idea-
proposal and Series A phases. However, the company currently provides support
only for startups of Series A level and greater, as this is less risky than supporting
startups that aim to profit financially, and bringing in new startups to use within
the company with new technology to enhance the business. Consequently, the
chosen startups that the company prefers to invest in are those in Series A and
above.

Crowdfunding This type of investment brings in investors and startups to meet,
as if setting up a meeting between investors and startups. If the investor wishes to
invest in startups, they can agree on how the former will make such an investment.
Moreover, the crowdfunding company is responsible for finding startups that match
the needs of the target investor group, and the investors can choose from these
businesses. Crowdfunding occurs when startups are so overcrowded in certain
countries, to the extent that investors cannot find their own startups.
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Initial Coin Offering (ICO) This fundraising occurs in a form similar to crowd-
funding, and the practice involves trading exchange rates into tokens for online
trading. The startups that need funds from investors will write to explain what the
startup will do for the business, including the business’ type of startup, and to set a
selling price. If investors are interested, they can buy the startup online with token
coins, which approximates crowdfunding investments. However, ICO investments
are more specialized in their investments than crowdfunding.

Matching Fund This is an investment partially funded by the government. If
the startup wants to expand their business, the government will provide 50% of
the funding for support, and startups can also buy their shares back from the
government, if they prefer. For instance, a startup that wants to expand its businesses
may need 10 million US dollars in investment money. The startup will then have
to find investors to invest 5 million US dollars in the startup, while the government
will fund the remaining 5 million US dollars. Therefore, when the startup is ready to
operate, it can then buy back the treasury, which will also help decrease investment
risks for those who had invested all their money in the startup.

Angel Investor This is a partial group of venture capital investors that uses their
own funds to invest in startups currently working on various ideas. An agreement
is made between the investors and the startup regarding the feedback the Angel
investors will receive in return. Under this condition, the startup must provide some
benefit to the Angel investor, which may be in the form of currency or stock; the
startup can buy the stock back afterward.

Public Sectors The government supports technology startups through its invest-
ment. These investors from government organizations could include banks under the
government’s supervision. Further, the government also provides support through
the investment funds earmarked for various startup projects.

This government project supports startups in various phases, from those that are
still working on their ideas to bring them into an incubator center to those that want
to expand their businesses by funding into the market.

Thailand’s government has established a National Startup Committee composed
of the deputy chief of the Ministry of Finance and committee members from 16
ministries the participants of which have planned to support startups for 5 years.
Further, these members plan to recruit participants annually to join the project from
3000 startups currently in their idea stage.

The goal is to provide startups in the idea stage the support they need until
they reach at least 300 businesses (10%); if any startups need marketing, they
can then ask for financial support from the government. The government will
provide financial support for 75% of the project, or up to 25,000 dollars. Within 1
year, the government’s market was composed of provided funding for 80 startups
annually. Before funding all 80 startups, a list was gathered of startups that
requested supporting funds to allow the committee to analyze them. The committee
scored the startups to determine which can characteristically and effectively garner
funds and use them to their maximum advantage.
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The government plans to support startups from their idea stage to the startup
expansion stage. These projects can be divided as follows:

Startup Club Project The Startup Club Project is a collaborative project that
involves brainstorming ideas from the advisor of the ICT Ministry, the Deputy
Permanent Secretary of the Ministry of Finance, university professors, and groups
of people establishing startups in Thailand. The collaboration in establishing this
project reveals various problems in creating startups in Thailand; specifically,
these employees lack a university education. Universities can teach basic academic
courses, but their students still lack vocational skills. Therefore, the Startup Club
Program, the participants of which are university students, was jointly designed to
collect those with startup experience to help teach in universities.

Taokaenoi Technology Project This government project accepts startup companies
that have only one idea. Basic selections are made based on the startup’s concept,
as startups with possible ideas are selected to join the program and further develop
their business models. When a startup finally develops a decent business model,
the program will then send the startup to other government programs—such as
the National Science and Technology Development Agency (NSTDA) and National
Innovation Agency (NIA)—to let the startup further develop their business model
into actual products.

Coupons of NIA Innovation This government project accepts startups, and wants
to develop their prototype products. Participating startups will be considered by
judging the startup’s concept based on the business model, which indicates whether
the concept can be further developed. The project supports the creation of a
prototype that could be transformed into a real product and can be used in an actual
business. The budget in creating a product prototype is approximately 31,000–
80,000 dollars per startup. Moreover, the startup must be able to create an actual
product from the prototype. If the startup can do so, it can ask for financial support
after the program ends from the NSTDA’s startup voucher program to raise the funds
to publicize their startup in the market.

Startup Voucher This government program accepts startups that must be publi-
cized in the market. The startups that join this program must have a product that
can actually be used and a solid customer base, and must already have both sales
and earnings. The program was established to help accelerate startups’ growth rate
by marketing through various channels. For startups to participate in the program,
there is a condition in receiving financial support, in that the program support is 75%
of the startup’s necessary funding, or does not exceed 25,000 dollars. Moreover,
startups must pay the 75% of money that it needs the program to support first and
bring the payment receipt to receive funds back from the program afterward. The
program’s selection process will be judged from the startup’s qualifications, as the
startup must have been established for no more than 7 years, has registered capital,
and must only be technology related. After passing the initial selection process,
the startup has to present their products to the committee. The committee will then
judge the startup using selection criteria from the A001 agency, which includes an
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analysis of the startup’s investment market and business management; the potential
to establish an actual business will also be considered.

Thai organizations that support and encourage software startups are gov-
ernment agencies, trade associations, or accelerators. Government agencies
play an important role in providing support mostly to startups.

4.3 Problems and Future Changes in Thailand Affecting
Startups

Our interviews reveal the respondents’ opinions on software startups in Thailand,
which can be divided into the following subtopics: (1) Groups of people who have
established startups in Thailand, (2) The startup company’s objective in joining the
organization’s project that supports software startups, (3) The problems encountered
in Thailand’s software startups, and (4) The future of technology startup businesses.
Each subtopic is noted in detail below.

Groups of People Who Have Established Startups in Thailand The groups of
people establishing software startups range from groups of high school students to
those at retirement age. We found that regarding the groups of people establishing
startups, students interested in this process are university students in the fields
of science, information technology, and engineering. Startup groups composed
of university students include groups with new, innovative ideas, although most
of them cannot create their own business models. Moreover, they will encounter
problems when their startup expands, as they cannot manage and arrange their
organizations. Regarding startup groups composed of people with work experience,
they can think of a business model and gain a deeper understanding in these startups;
they can also manage their work better than groups of university students.

Thai startup evolves in three ways. First, startups that fully develop are
no longer considered startups, and have been incorporated into the stock
market. Second, other companies can acquire or purchase startups to use
them in the parent company or to develop the startup as a subsidiary.
Third, the startup may have a lower growth rate than usual, or its growth
may stabilize.

The Startup Company’s Aim in Joining the Organization’s Project that Supports
Software Startups The startups that participate in the project have an objective to
seek advice from experts in startups that are developing, and to also find networks
in the startup’s ecosystem. Moreover, and on the one hand, they aim to seek a
customer base for the startup from the various companies that have joined the
program. On the other hand, some startups have joined the program to find sources
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of financial support. However, it was found that the objectives in finding financial
support are the least valued among the startups that participate in the program.

Problems Encountered in Thai Software Startups We found that, of the problems
encountered in software startups and in supporting software startups in Thailand,
a conflicting understanding exists regarding software startups’ features. It was also
found that some business operators want to join the software startup program to
ask the government for financial support and further develop their applications
or websites within their businesses. For example, a clothes-selling business is
requesting financial support from the program to establish their own clothing
website to sell clothes online. Another problem technology startups encounter is
the scarce technology and innovation in Thailand, which makes companies unable
to withstand rapid market changes. Further, a lack of human resources who are
startup developers, such as software developers, are scarce. In particular, some
startups reported that they lacked sufficient knowledge of software testing. One
participant said, “There was a lack of knowledge regarding how to test the software,
especially good testing was time-consuming.” Another participant agreed, stating,
“Unfortunately testing techniques tend to be a set of software engineering skills and
practices that is often absent.” Unfortunately, they indicated that they could not hire
experienced engineers due to budget constraints.

The Future of Software Startup Businesses The future of software startup busi-
nesses in terms of new software startup development demonstrates that such
businesses should be able to meet the needs of users in Thailand. The need to support
software startups can be divided into the following groups:

1. Developing software startup. Currently, startup trends in Thailand still involve
the development of startups for smartphone applications, and thus, startups in
the form of applications will decrease the startup’s sustainability.

Advice has been offered from groups of investors and supporters, in that
startups should develop to use advanced technology. Further, these groups have
recommended suitable types of software startups that may suit the needs of the
Thai people: a startup group in the tourism technology field. As Thailand is a
land of tourism, any startup that develops according to tourists’ needs may as
well help to promote tourism. For instance, an application could be created that
responds to the needs of Chinese tourists in Thailand.

Currently, tourism technology startups merely involve e-commerce, such
as applications that sell tours. However, startups have yet to be found that
enhance Thai tourism. The second necessary startup group involves medical
innovations and public health (medical technology), and the last group involves
agricultural and food technology. Agricultural startups are rarely seen, although
agriculture is an important practice in Thailand and large companies control the
market, making agricultural startups rare. The interviews have led to various
recommendations, such as how to handle one square meter of land to be able
to cultivate good crops.
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2. Educating those who want to establish startups by opening an incubator. This
is due to insufficient incubators and the requirement that incubators must be
monitored by experts in consultations, and forcing startups to properly prepare
themselves for their public presentation. Further, advice and recommendations
are provided regarding technology promotion as well as knowledge in different
aspects of the business. Moreover, the public sector must promote startups to
easily register and help them by making laws that support them. For example,
laws for investors can compel them to invest easier and implement more
incorporated taxes paid during investments. Further, changes can be made, such
as the government in the present day will exempt investors from taxes who only
invest in domestic startups only. Changes should be implemented regarding tax
exemptions for investors in domestic startups, while other foreign investments
are taxed normally. Moreover, the need exists for the government to support
human resources among software development, investments, and management
knowledge. Finally, startups’ knowledge is necessary; if the startup expands, for
example, the startup must have additional knowledge in managing its people.

3. Funding and partners. According to the study, 90% of interviewed startups said
that their most pressing concern was finding funding sources. Approximately
80% of startups said they want to collaborate with big companies because
big businesses have more money to spend on startups. The study also found
that startups require a long-term partner instead of short-term business deals.
Approximately 90% of startups indicated that they look for long-term strategic
partners.

5 Discussion and Recommendations

Results from the latter part of the study indicate support for software startup
development from Thailand’s public and private sectors, which provide support in
the form of investors and incubator centers. It was also discovered that demands
were made in opening the incubator center as a source for newly launched startups
to seek counsel and a source of knowledge in different areas of the startup. These
include: giving advice on the initial stage in establishing software startups, providing
counsel regarding the steps to find investors, and educating startups about how to
manage their businesses when their startup is fully grown.

By comparing the startup ecosystem in Thailand to the ecosystems studied by
previous works [5, 12], we found that some elements differ. Figure 1 illustrates
Thailand’s software startup ecosystems, as well as previous work. The gray box
presents the elements that only exist in the Thai context. The blue box denotes the
element as existing in both Thai and previous work. The white box presents the
element that existed in previous work, but that does not exist in the Thai context.
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This study of software startups in Thailand reveals issues that can be summarized
to provide recommendations for those involved in software startups, as follows:

1. The study reveals the difficulty in understanding software startups’ significance,
which indicates conflicting aspects of the features of software startups. There-
fore, the scope of software startups should be clearly defined to provide the same
understanding for those who want to work or invest in software startups.

2. Regarding software startups’ development, the study demonstrates that the
startups of interest that meet the needs of users in Thailand are software
startups in the tourism technology, medical technology, agricultural, and food
technology genres, as well as software startups that use advanced technology in
which external research can be applied in developing new software startups.

3. Regarding those who influence the internal software startup ecosystem, this study
discovered that universities cannot organize their courses to guide students in
developing their own software startups. Consequently, a group of students who
establish startup businesses do not have the expertise to consider a business
model. However, the university plays an important role in developing techno-
logically advanced startups, and startups that bring in external research to apply
in creating software startups.

4. The study reveals a lack of resources in developing software startups, or specif-
ically, such human resources as those with software development knowledge
and business and management expertise. This can cause the startup to lose
growth opportunities, and therefore, knowledge should be provided in terms
of preparation and the importance of personnel within the software startup
organization.

5. Supporting software startups reveals the different aspects of support between the
public and private sectors in the incubator center project for software startup
producers. The first issue is the project participants’ thought process toward a
business model, as public sector projects will bring in actual business models for
the group of newly established startups. In contrast, the private sector’s project
allows startup initiators to think of their own business models, and the project’s
staff will find groups of people who are actual users to talk with the startup group.
Investors in Thailand are mostly venture capital or corporate venture capital
(CVC) companies. Angel investors have smaller amounts of capital, possibly
because Thai business owners do not yet understand this business model. Some
venture capital businesses will not invest during the early phases in case the
startup does not succeed. However, many big companies established CVCs in
the year 2017. This rise in large company investments could be due to increased
confidence in the enterprise potential of startups in Thailand. Companies that
established CVCs during the past year came from various types of business
groups, including AddVentures, Digital Ventures, Beacon, Bualuang Ventures,
Krunsri Finnovate, Invent, Ascend Capital, Central Online, Benchachinda, PTT,
J Ventures, Dusit Thani, SCAble, Ananda, Siri Ventures, MFEC, Fuchsia14, and
more.
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6. The study has demonstrated that people who establish software startups faced
different problems in terms of technology, the knowledge in creating startups,
asking for support funds, and in terms of management when startups are fully
grown. Therefore, an incubator center that specializes in software startups should
be open to acting as a main source not only for those who are interested in
creating startups, but also for startups that need more information to expand
their business. This will also serve as a main source for linking software
startup ecosystems together to transmit news among these entities. Moreover,
software startups’ technological development could be standardized to promote
movement in the same direction. Additionally, the study reveals that people who
establish software startups want to participate in startup supporters’ projects;
ultimately, people can find networks and connections with those familiar with
the topics that are of interest to startups. A customer base among the startup
supporters can also be ascertained.

Based on software startup recommendations, we summarized the type of support
that the Thai government should provide:

– The government must set up special state agency to support startups, allowing
them easier to do business.

– The government must provide the marketing channel for foreign markets, such
as business-to-government (B2G) and business-to-business (B2B).

– The government must groom new talents by providing financial incentives to new
startups.

– The government needs to prescribe more and better policies and laws conducive
to technology and innovation.

In addition to government assistance, we recommend that other success factors
be adopted by Thai startups, including:

– A follow-up to the software startup in each stage
– The startup’s internal structure
– The organization’s internal regulations and policy arrangements
– The startup’s economic background

6 Conclusion

This research involved interviews with those involved in software startups, from the
perspective of software startups and investors. This is one approach to help foster
the software startup ecosystem in Thailand. Further, this may compel the software
startup ecosystem to adjust to better meet the needs of the software startup’s
organizer, investors, and those involved in other parts of the business. This research
will also help increase the empirical evidence that benefits those software startup
researchers interested in studying software startup-related topics.
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In the future, this research can guide educational studies in applying software
engineering methods in developing software startups. This can be accomplished
using an empirical software engineering method that consists of field research. A
sample group of software startup developers can be surveyed using questionnaires
to collect data, which can be used to analyze the startups’ quantity and quality.
These surveys can also be used to analyze the results in using software engineering
methods in developing software startups.
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Part IV
Software Startup Education



Software Startup Education:
A Transition from Theory to Practice

Rafael Chanin, Afonso Sales, and Rafael Prikladnicki

Abstract New software startups are born every day around the globe. Dropbox
and Netflix are examples of successful startups. However, failure is the fate of
most of them. Several facts, such as market competition or lack of resources, can
impact the destiny of a startup. Nonetheless, little has been explored in terms
of the impact of software startup education on the success or failure of startups.
Even though universities are adapting their curriculum in order to embrace such
important subject, the challenge relies on how to provide real-world experiences
for students to develop relevant startups. Hence, this chapter intends to present the
main contributions, initiatives, and lessons learned found in the literature regarding
software startup education.

Keywords Software startup education · Software startup · Entrepreneurship

1 Introduction

In past years, we have observed amazing advances in technology. The Internet
is probably the most remarkable of them. Nowadays, anyone can learn software
development and create systems that can impact the lives of millions of people.
Facebook and Dropbox, to name a few, are examples of such endeavors. When
these organizations are in their first years of life, they are called startups [4]. Most
startups follow the lean startup methodology [55], which combines short software
development cycles with constant interaction with potential users/customers. By
learning from these interactions, a startup can reduce its risks [13].

Startups run against the clock; if they do not find a sustainable business model
before running out of resources, they will fail. In this scenario, startups must find
how to make money. This is done by running experiments until a business model is
tested and found [17]. Unfortunately, most startups do not succeed [29]. Although
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there are many factors that could lead to the failure of a startup, bad software
engineering practices is known as being a key reason [16, 29, 36].

Several publications concerning software development processes in the context
of a startup can be found in the most important database sources [27–29, 43, 47].
However, there are not so many studies focused on how software startup processes
are taught to students in an academic environment.

Companies and the academic community started to pay attention to
startup-related content. However, studies on how to deliver this content
in the classroom are still scarce.

Nonetheless, there are studies describing how computer-related courses and
programs have included entrepreneurship content into their contexts [19, 31, 41, 51].
One of the biggest challenges reported is the lack of a realistic environment for
students to work on these type of projects [52]. Since the main goal of a startup
is to solve real-world problems, faculty must find strategies to provide the right
environment to students.

In addition, these studies also pointed out that being technically competent is
really important, but it is not enough. Knowing how to develop, market, and sell
products and services is crucial to become a real entrepreneur. Several institutions
are already providing programs and courses focused on entrepreneurship in order to
fulfill this need [11].

In this context, the goal of this chapter is to present the main contributions found
in the literature regarding software startup education. This information was gathered
by running a systematic mapping process on this content. This work is an extension
of a preview paper already published in the scientific community [12]. Since this
topic is new and it is growing, we understood that it would make sense to update the
information.

2 Research Method

In order to collect the aforementioned information, we carried out a systematic
mapping following the recommendation of the most influential researchers in this
area [8, 39, 50]. Figure 1 presents the process undertaken to perform the systematic
mapping study. The remainder of this section depicts the planning of each step of
this study.

Studies were identified by running the search string presented in Table 1. This
process was performed by following the guidelines proposed by Kitchenham and
Charters [38].
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Fig. 1 Systematic mapping process (adapted from Petersen et al. [50])

Table 1 Search string

Population (Software Engineering OR Software Development)

AND

Intervention (Software Startup OR Startup OR Entrepreneurship)

AND

Outcome (Education OR Undergraduate OR Graduate OR

Teaching OR Educating OR Training)

Table 2 Search strategy

Databases searched ACM Digital Library

IEEExplore

Scopus

El Compendex

Science@Direct

Selection Criteria Available online

Written in English

From 1998 to May 2018

In: Journals/Conferences/Workshops/Symposiums

4 pages minimum

Search applied to Title

Abstract

Keywords

The search strategy is depicted in Table 2. The database sources were chosen
based on the list proposed by Kitchenham and Charters [38]. Two databases (Cite-
seer library and Inspec) were left out of this research due to technical difficulties in
using these platforms. In regard to the publication period, we decided to begin in
1998 since this is the time in which the concept of software startup, as defined by
Ries [55], started to be formed and studied.

Moreover, we only included papers that were accepted in journals, conferences,
workshops, and symposiums. Extended abstracts, keynote presentations, and papers
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Table 3 Retrieved papers

Database Papers

ACM Digital Library (http://dl.acm.org/) 58

IEEExplore (http://ieeexplore.ieee.org/) 56

Scopus (https://www.scopus.com/) 67

El Compendex (https://www.engineeringvillage.com/) 85

Science@Direct (http://www.sciencedirect.com/) 2

Total 268

Table 4 Studies’ basic information

Information retrieved Explanation

Database ACM, Science@Direct, Scopus, IEEExplore, El Compendex

Title Paper title

Year Year published

Authors List of all authors

Type of forum Journal, conference, workshop, symposium

Abstract Paper abstract

Keywords Paper keywords

Status 1 Duplicate

Status 2 Do not fit into criteria

Status 3 Is relevant

with less than 4 pages were also excluded from the research criteria since they
usually do not present in-depth analysis. The focus was to identify papers that could
present at least some preliminary studies on the topic. After running this process,
we came across 268 papers. Table 3 presents the number of publication retrieved
from each database.

Once papers were retrieved, a spreadsheet was created in order to organize the
information for the screening process. Table 4 summarizes the information gathered
from each selected study.

The screening process started by excluding duplicates, which accounted for
76 studies, leaving the spreadsheet with 192 papers. After that, we followed the
exclusion criteria (as defined in Table 2), leaving the spreadsheet with 115 papers.
Finally, in the last step of the screening process, we read the title, abstract, and
keywords in order to verify whether the paper is relevant in regard to our research
goal. At the end, our screening process led to 39 primary studies to be fully analyzed.

The key-wording process, which is illustrated in Fig. 2, was done following
the guidelines from Petersen et al. [50]. It starts by reading abstracts in order to
look for keywords that identify the main contributions of the paper. The goal is to
create a set of categories in which papers can be grouped. If meaningful keywords
cannot be found by reading the abstracts, researchers may look for them in the
introduction and conclusion sections of the papers. It is worth mentioning that
the classification scheme can evolve and change during the systematic mapping

http://dl.acm.org/
http://ieeexplore.ieee.org/
https://www.scopus.com/
https://www.engineeringvillage.com/
http://www.sciencedirect.com/
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Fig. 2 Classification scheme workflow (adapted from Petersen et al. [50])

process. As researchers read the papers thoroughly, new categories/classifications
may appear and others might merge or disappear.

In addition to the information mentioned in Table 4, we added the following
information to the spreadsheet:

– Focus Facet: the categories created during the classification scheme process
– Contribution Facet: type of contribution. Based on a work from Shaw [63], and

from Paternoster et al. [47]
– Research Method: method used on the research (case study, survey, etc.)
– Research Type: type of research (adapted from Wieringa et al. [66])
– Paper Quality: a grade from 0 to 10, based on the work from Salleh et al. [59]

Table 5 presents the systematic map overview after performing all steps afore-
mentioned. The codes for our classification are depicted as follows:

• Research Method:

– Experiment (EX);
– Empirical Study (ES);
– Case Study (CS);
– Survey (SU).

• Research Type:

– Experience Paper (EP);
– Philosophical Paper (PP);
– Evaluation Research (ER);
– Validation Research (VR);
– Solution Proposal (SP);
– Opinion Paper (OP).
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Table 5 Systematic map overview

1st author (year) Research method Research type Contribution Focus Paper quality

Fagerholm (2017) [24] EX EP LL TH 9.5

Génova (2016) [26] ES PP ML TH 9.5

Järvi (2015) [34] CS ER LL TH 9.5

Schilling (2010) [61] CS ER GL TH 9.5

Adorjan (2017) [1] SU ER LL TH 9.0

Buffardi (2017) [9] EX ER GL MD 9.0

Izurieta (2016) [33] CS EP FM RP 9.0

Zaina (2015) [67] CS ER FM TH 9.0

Chesney (2014) [15] CS ER GL RP 9.0

Currie (2011) [18] CS EP FM RP 9.0

Salas (2017) [58] SU EP LL TH 8.5

de Lange (2016) [21] CS VR FM EV 8.5

Zhang (2015) [68] EX SP ML TH 8.5

Daimi (2008) [20] ES SP GL TH 8.5

Joseph (2006) [35] CS ER LL MD 8.5

Boutell (2017) [5] SU ER LL RP 8.0

Devadiga (2017) [22] SU EP GL TH 8.0

Ribeiro (2016) [54] CS EP LL EV 8.0

Vitolo (2016) [65] EX ER LL MD 8.0

McMahon (2014) [42] CS EP LL TH 8.0

Kaltenecker (2013) [37] ES PP LL TH 8.0

Chenoweth (2008) [14] SU EP GL TH 8.0

Buffardi (2017) [10] CS SP FM MD 7.5

Porter (2015) [51] CS SP LL MD 7.5

Nguyen-Duc (2016) [44] CS ER ML TH 7.5

Bharadwaj (2014) [3] EX EP FM TH 7.5

Breytenbach (2013) [6] CS EP LL EV 7.5

Ko (2017) [40] ES EP AI EV 6.5

Heintz(2014) [32] CS EP LL TH 6.5

Pauca (2012) [48] CS SP FM RP 6.5

Ford (2004) [25] CS EP LL MD 6.5

Barbe (2010) [2] ES EP ML EV 6.5

Gross (2000) [30] SU ER LL TH 6.5

Q.-Sarmiento (2018) [53] CS SP ML TH 6.0

Sun (2009) [64] ES PP ML EV 5.0

Sarraipa (2016) [60] CS SP AI EV 4.5

Engelsma (2014) [23] CS EP LL RP 4.5

Rioja Del Rio (2014) [56] ES OP TL TH 4.5

Pauli (2008) [49] CS EP LL RP 2.0
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• Contribution:

– Lessons Learned (LL);
– Model (ML);
– Guidelines (GL);
– Framework/Method (FM);
– Advice/Implication (AI);
– Tool (TL).

• Focus:

– Teaching (TH);
– Multidiscipline (MD);
– Real Projects (RP);
– Environment (EV).

2.1 Threats to Validity

There are several threats that could invalidate the systematic mapping. If the search
strategy is not performed correctly, the retrieved papers may not account for all
studies that could answer the research questions. Moreover, data extraction and
paper classification are also important steps that should be done carefully by all
researchers involved. Finally, it is important to pay attention to researchers’ bias. In
order to mitigate these threats, we followed the recommendations from Petersen et
al. [50] during the whole systematic mapping process.

Aside from the systematic mapping process itself, we understand there are two
important threats that require attention. The first one is related to the publication
bias. We are more likely to find papers reporting positive experiments regarding
software startup education rather than failure ones. It is very difficult to mitigate this
risk since we only have access to published data, naturally. The second threat, and
most important one, has to do with the interdisciplinary aspect of software startups.
Since this topic overlaps with entrepreneurial education, this work could be missing
relevant sources from the business area. Even though we are aware of this issue, we
decided to focus only on computer-related sources. As future work, we understand
it is worth developing a cross-area research in order to verify whether new insights
may arise.

Another important point worth mentioning is the rationale behind choosing to
run a systematic mapping review rather than a systematic literature review. We chose
the former because software startup education has just started to be explored by the
scientific community. Therefore, we wanted to draw an overview of this topic in
order to identify the main contributions that have been made.
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3 Results

We divided our results into two parts. The first one is related to tools, models,
methodologies, and frameworks applied in a software startup education context.
The second one depicts best practices found in the literature.

3.1 Tools, Models, Methodologies, and Frameworks

Regarding methods and methodologies, Zaina and Álvaro [67] proposal combines
lean startup [55] user-centered design [57]. The idea is to foster entrepreneurial
and innovation behavior in a software engineering course. The authors claim that
computer-related courses focus mostly on technical issues, such as programming,
setting aside important soft skills, such as creativity, problem-solving, and conflict
resolution. In this study, two case studies were conducted in order to verify the
effectiveness of the proposed methodology. According to the authors, bringing lean
startup and user-centered design into the classroom stimulate students into learning
important business concepts. Perhaps the most relevant one is the idea of keeping
users in the center of the process, making students understand their real problems
and needs.

Main areas of contribution:

� Business Model Canvas
� Customer Development
� Design Thinking
� Agile Methodology

In another study, Buffardi et al. [10] claims that it is very difficult to emulate real-
world situations in an academic context. Working with “toy” projects is interesting
and good when learning technical skills, but it does not bring real challenges that
a real project presents. For instance, it is hard to emulate market competition and
customer relationships. Even if instructors create scenarios to challenge students,
there are several limitations. In addition, this study brings interesting insights (taken
from Nurkkala and Brandle [45]) regarding the gaps between industrial software
engineers’ and software engineering students’ experiences. They are sixfold:

1. Real product versus a project
2. Long duration versus short duration
3. Low turnover versus high turnover
4. High complexity versus low complexity
5. Needs maintenance versus no maintenance
6. Real customers versus no customers
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Hence, Buffardi et al. [10] proposed a methodology in an attempt to minimize
these issues. The idea is to create a collaboration environment that connects software
engineering and entrepreneurship students. The latter would act as customers.
Although engineering students have reported that the experience was interesting
and relevant to them, this process still mimics a real-world context. Even though the
authors understand this is not ideal, at least it gives students a taste about the process
of creating and developing a startup. It important to point out that instructors need
to analyze the trade-offs. Depending on the context in which the course is offered,
it may not be possible to actually work with real-world projects.

Pauca and Guy [48] also highlight the difference between working in an
academic context versus developing a real-world project. According to the authors,
most of the software projects developed in a classroom are uninteresting, trivial,
or not meaningful to students. Engagement and excitement increase only when
students work with real problems and challenges that can affect society positively.
This concept was labeled socially relevant computing [7]. In this sense, the method-
ology proposed by the authors consists of combining software development, agile
methods [62], and social relevant projects. Results from a case study indicate that
this approach stimulates the development of startups. Moreover, several students
continued to work on their projects after the end of the course, proving they were
really connected to problems they were trying to solve.

In regard to models, Génova and González [26] argue that there are three stages
in a complete engineering education process:

1. Instruction: traditional education environment, with exams and projects
2. Training: when students receive a problem and choose the mean to solve it
3. Mentoring: when students can self-propose their own learning objectives

The authors claim that “education is incomplete if the third stage is not reached.”
However, there are some challenges that educational institutions must overcome
in order to achieve the third stage. One of the most important ones is related to
assessment. If students define their own learning objectives, it can be very hard
for faculty to fairly evaluate students. Even though the authors understand there
are several challenges in this process, they argue that if computer-related programs
do not provide opportunities for students to achieve the third stage, they will not
become real engineers; they will just be “programmed machines.” From a startup
perspective, it is crucial to achieve the third stage. Soft skills are a must when it
comes to developing real businesses.

In another interesting study, Zhang [68] proposes a model that combines
business, environment, and technology. The idea is that these three components play
a key role in the process of teaching startup-related concepts. As already mentioned
in this chapter, business and technology form the foundation for this learning
process. However, it is important to point out that it can be challenging to deliver
both contents in the same context. There is a need to coordinate efforts between
two different schools/departments (business and technology), and this is not always
easy. In regard to the environment component, Zhang argues that students might
and should take advantage of resources and events that the university provides. Just
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to name a few, several universities offer incubation process, mentoring, connections,
and networking events. By connecting these assets with the course, the whole
process can be enhanced.

Barbe [2] proposes a model that intends to connect all aspects of a software
startup development process. It starts from the basic technical knowledge, and goes
all the way to business acceleration and funding. The rationale behind this approach
is that even though startups can be created by technical founders, most of them
lack business and soft skills. Hence, they will either fail or will need to hire people
with the skills they do not have. Therefore, students not only learn the technical
foundations for developing a startup, but they are also exposed to the business side
of a software startup development process.

When it comes to tools, Rioja Del Rio et al. [56] suggest the use of the Business
Model Canvas (BMC) [46] so students can oversee the big picture of the process.
The idea is that the BMC helps students into analyzing all aspects of a given business
model and not only the technical parts. The BMC entails the value proposition of the
business, the customer segment, the channels to reach customers, the relationships
established with customers, key resources, key activities, key partners, revenue
streams, and cost structure.

As far as we are aware of, there is no single approach when it comes to
models, tools, frameworks, and methodologies applied in software startup educa-
tion. As we presented, several strategies have been applied in order to address
software startup-related content. Some of them are focused on encouraging critical
thinking, big-picture thinking, and creativity, while others focus on attention to
detail, method, technical issues, and in-depth analysis. Since courses have limited
resources and different focus, faculty need to evaluate the trade-offs associated with
each approach.

We can summarize our findings in this section in the following four points:

– Business Model Canvas: very useful since it helps students create a vision for
their business model. It is especially appropriate when teaching to technology
students, since this tool goes beyond the technical product and also focuses on
other aspects of the business model.

– Customer Development Process: this methodology helps students understand
that the customer should be in the center of the process. By running experiments,
students can take actionable steps in order to validate business hypothesis.

– Design Thinking: creativity is a key to a software startup development process.
This approach helps students in developing creative experiments and solutions in
order to get to a product or service that matters to users.

– Agile Methodology: when it comes to software development, agile is the
preferred approach. This is no surprise since the software development process
should be flexible and open to constant change due to the characteristics of a
startup.
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3.2 Best Practices in Software Startup Education

The best practices found in the literature were grouped and organized in the
following four categories:

1. Real Projects: Faculty should avoid at all cost to work with “toy” projects. As
already mentioned in this chapter, when this is the case, learning is limited to
technical aspects, and only a few soft skills, such as teamwork and conflict
resolution, are explored. Students should work on projects that matter to them
and that are connected to real problems. Therefore, the best approach is to leave
the floor open to students to define their projects. However, this is not always
simple, since students might have a hard time finding a meaningful project
to work on. In this situation, a good alternative is to connect students outside
stakeholders from the industry in order to look for problems worth solving.
When this happens, students not only gain the opportunity to connect themselves
with corporate managers and executives, but it also helps them in finding real
problems. One important remark is that faculty should never force students to
pick a given problem to solve; if there is no excitement and engagement, it is
very likely that students will not fully learn the process.

2. Multidiscipline: Whenever possible, faculty should aim at cross-discipline
collaboration. For instance, technology and business students should participate
in the same course, working together on their projects. Although this idea may
require collaboration and coordination among faculty from different colleges,
it is definitely a great opportunity for students to take different perspectives
on projects and ideas. In this scenario, students probably learn more from one
another than from the instructors.
Naturally, faculty should pay attention to form groups with students with
different backgrounds. One important point here is that this kind of situation
may require patience and ability to solve conflicts by faculty members. The
recommendation is to set the ground rules right at the beginning of the semester
and reinforce them along the way. In addition, students should also develop their
own guidelines in order to address decision-making and conflict resolution.

3. Environment: The connection with outside stakeholders also plays a key role
in the software startup educational process. To begin with, we have the real
customers and users that must be found by students. In this sense, faculty
should create opportunities for students to connect to them. If students do not
succeed in this process, faculty may look for partners, such as startup founders
and executives, in order to help students in getting outside feedback. This
gives students the opportunity to discuss their projects with more experienced
entrepreneurs.
Moreover, students should also take advantage of the university ecosystem.
Connecting the course with networking events, hackathons, and even with
incubators and accelerators gives students another perspective on the startup
context. There are several cases reported in which students pitch their project
ideas in real startup events.
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4. Teaching: Several insights were found regarding teaching strategies. In regard
to team formation, the ideal number suggested is four or five. Working with less
than four members may lead to a poor team composition. On the other hand, big
teams may require a lot of coordination, not to mention the chance of having
students not getting completely involved in the projects.
All teams should have a leader, who acts as team liaison. Aside from that, teams
and instructors should meet on a regular basis in order to present the work being
done as well as to receive general guidance on the projects. In addition, it is very
important the teams present their work to one another several times during the
semester. This approach not only helps students in improving and developing
their presentation skills, but it is also a great opportunity to collect feedback.
Regarding assessment and course evaluation, several authors argue that startup
courses should not have final exams without the reflection of explicit learning
goals. Since “anything can happen” during the development of a startup, the
learning happens throughout the process, especially when students are running
experiments. For instance, when students talk to potential customers, they may
learn a lot about the problem they are trying to solve. Therefore, assessment is
done by analyzing students’ project progress, as well as by asking for team and
personal reports. In this sense, students should get used to documenting every
step they take, from ideation to the final presentation. Since this assessment
process is not usual for students, it is important for instructors to set the ground
rules and explain the assessment process very clearly in the beginning of the
semester.
As one can imagine, traditional lectures are not the best approach for this type of
content; a flipped classroom is ideal in this scenario. The process of developing a
startup is way more important than the end result. Therefore, instructors should
focus on giving students the opportunity to experience the ups and downs of
startup. Focusing only on a final deliverable or in an exam does not make sense
in this context.
When it comes to software development processes and tools, the authors claim
that students should use the same programming language. The idea is that
it becomes easier for instructors and students to help each other when a
common language is defined. The downside of this approach is that the defined
language/technology may not be the ideal one for a given project. In this
sense, faculty should analyze the trade-offs of going with a single programming
language.
Finally, it is important to point out that product development is different from
innovation development. The former follows a straightforward path, while the
latter is chaotic and unpredictable. In order to add structure to the innovation
process, it is important to add tools and methodologies, such as the Business
Model Canvas and the Customer Development process.

As already pointed out in this chapter, when it comes to software startup
education, it is not easy to provide a realistic setting for students. It usually comes
at the expense of processes, practices, and goals. Even when connections with real-
world problems are possible, in most cases students do not keep working on their
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project after the end of the semester. Nonetheless, there are several interesting cases
reported with great insights and lessons learned. For instance, when faculty is able
to connect the course with the university ecosystem, especially incubators, there is
a higher chance for projects to actually become real startups.

”Greenfield” areas for improving software startup education

� Real Projects
� Multidiscipline
� Environment
� Teaching Methodology

A final note worth mentioning is related to courses ordering and organization.
Heintz and Klein [32] suggest that computer-related programs should begin by
showing students the “big picture” rather than going straight to fundamental courses,
such as math. The idea behind it is that students do not get engaged if they do not
understand the purpose of a given content. By the time students oversee the whole
process, there is a higher chance they will understand the value of certain contents.

4 Conclusion

In this chapter we presented the main contributions on software startups education
found in the literature by running a systematic mapping review. The takeaway
lessons from these studies were divided into two main points:

1. Tools, models, frameworks, and methodologies applied in software startup
education

2. Best practices in software startup education

In regard to the first point, we concluded that there is no unique approach
applied in software startup education. It seems that several variables account for
this matter. For instance, if the course focuses more on business modeling, instructor
tends to get deeper on big-picture thinking and creativity. On the other hand, when
the course focuses on software development, technical issues arise the most. We
believe that regardless of the course approach, there is room for a more consolidated
approach when it comes to software startup education. Students should be exposed
to all aspects of a startup lifecycle; from ideation and business modeling, to software
development and customer interactions.

Our second point, which was divided into four categories—real projects, multi-
discipline, environment, and teaching—brought us insights that are consistent with
the information found in the literature about software startups [27, 29, 43, 47]:
the goal of a startup is to solve a real-world problem. This is done by combining
a multidisciplinary team and the right environment. In the educational context,
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however, addressing real-world problems is still a challenge. Moreover, it is not
always possible to have students with different backgrounds in the same course.

It is important to point out that this work, which is an extension of a preview
paper already published [12], did not bring new tools, methodologies, or practices.
However, we could observe that not only the academia, but also the scientific
community is paying more attention to this topic. Although research in this area
is still in its first steps, we understand that there is a lot of opportunities to improve
the experience for students when learning about software startups.
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Teaching “Through” Entrepreneurship:
An Experience Report

Xiaofeng Wang , Dron Khanna, and Marco Mondini

Abstract Entrepreneurship education varies from theoretical courses that take a
“teacher-centered” perspective to more hands-on, “learning by doing” ones that put
students to the center of the attention and engage them in acquiring entrepreneurship
competencies through experience. In this chapter, we present our experience of
teaching the Lean Startup methodology to university students from diversified
academic background. Rather than describing our teaching experience in the past
years as a whole, we focus on a particular interesting part of our experience,
which is, while we teach students Lean Startup and guide them to work on real
startup projects during the course, we were also developing our own startup idea
related to the course—Startuppuccino, a startup education platform to support active
entrepreneurial learning. Through this unique experience, we reflect on how to
better organize the course and enhance the active learning of the students using a
supportive platform.

Keywords Entrepreneurship education · Lean startup · Learning by doing ·
Unique value proposition

1 Introduction to Entrepreneurship Education

Entrepreneurship is important for the process of value creation, job creation, and
general economic development [1]. Higher education institutions are expected
to teach entrepreneurship and produce graduates with a broad set of enterpris-
ing competencies and skills, and ambitions to become entrepreneurs [2]. Teach-
ing entrepreneurship at the university level can also stimulate the research on
entrepreneurship [3].

However, entrepreneurship education is a deep, diversified, broad, and interdis-
ciplinary field about which we just started to apprehend as software engineering
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researchers. Entrepreneurship is taught from various theoretical viewpoints. More-
over, educating objectives during the course and teaching approaches differ notably.
This is due to the fact that entrepreneurship is taught within various faculties
by academic with different backgrounds and skills, to students with all kinds of
educational backgrounds [1].

With the increasing appreciation for the significance of entrepreneurship edu-
cation and interest in teaching entrepreneurship, various questions also emerge:
Could entrepreneurship be taught? Who are the students? Why are the students
taking the course? What is the expected learning outcome? and How could the
entrepreneurship courses be taught effectively? [4, 5] A broad variety of practices
and studies provide various responses. Based on a systematic literature review,
Sirelkhatim and Gangi [6] summarize three generic themes of entrepreneurship
education provision:

1. Teach “about” entrepreneurship: courses that are theory oriented and aim to
increase awareness about entrepreneurship and instill various entrepreneurship
knowledge to students

2. Teach “for” entrepreneurship: practical courses that aim to encourage students
and enhance their intentions to be entrepreneurs in future. They generally take
skill-based approaches where they seek to train students about the mechanisms
of running a business

3. Teach “through” entrepreneurship: practical courses which aim to graduate
entrepreneurs, support new venture creation, and develop entrepreneurial com-
petencies. Even though the curricula content for this theme may be similar to
teaching “for” entrepreneurship, it suggests learning “with” and “through” real-
life entrepreneurship, to enable students to experience “being” entrepreneurs
rather than “pretending” to be ones and to have a real taste of market forces.

In the past 7 years, we have been teaching the Lean Startup methodology
to university students from diversified academic background. The Lean Startup
approach was inspired by Lean concepts of focusing on the efforts that create value
to customers and eliminating waste during entrepreneurial processes [7]. However,
since the customers are often unknown, what customers could perceive as value is
also unknown. Therefore, entrepreneurs should “get out of the building” to involve
the customers since day one. Lean Startup advocates to build the product iteratively
and deliver to the market for earlier feedback [7]. Therefore, Lean Startup is
essentially a hypothesis-driven approach [8] which bases entrepreneurial decisions
on evidence and validated learning. To capture customer value, an entrepreneur
should start a feedback loop that turns an idea into a product and then learn whether
to pivot or persevere. This can be done by developing a minimum viable product
(MVP) using agile methods to collect customer feedback on the product [7]. The
feedback becomes the input to improve the product and validate the hypotheses. As
the result, the startup might pursue a new direction of the business or continue and
scale it.

The experience presented in this chapter is an example of the application of the
teaching “through” entrepreneurship method. What makes this experience unique
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is that the method was applied in double senses: the participating students worked
on real startup projects during the course, learning the Lean Startup knowledge by
doing, and the teaching team, apart from teaching, was also developing our own
startup idea related to the course—Startuppuccino, a startup education platform,
using the same Lean Startup methodology that we are teaching. This chapter is a
recount of this interesting journey, and the reflection on how to better organize the
course and enhance the active learning of the students using a supportive platform.

2 The Lean Startup Course

The Lean Startup course offered at our university is a semester long course open
to the students from all faculties of the university (computer science, design
and art, economics, science and technology as well as education) at all levels
(undergraduate, master, and PhD). The number of students ranges from 30 to 60.
The teaching team is composed of 2–3 faculty staff. In addition, a group of mentors
are also involved in the course, who are experienced entrepreneurs or work in the
related domains, and volunteer to help the students to develop their ideas. Based on
the number of enrolled students and the manner in which mentors are involved in
the course, the number of mentors could vary from 6 to 14. The course is project
based, problem driven, and mainly learning by doing. The students propose original
business ideas, form project teams based on chosen ideas, and develop them into
a business as far as they can during a semester. There is a minimal amount of
upfront lecturing and on-demand seminars on the topics that students frequently
inquire or request. The topics covered in the theoretical part include the definition
of a startup, ideation, problem/need identification and validation, build-measure-
learn loop, MVP, lean analytics, lean canvas, building entrepreneurial teams, getting
funded, etc.

The structure of the course has stabilized through refinement over the years.
Figure 1 is a representation of the timeline of the student projects.

Each student startup project will go through roughly four phases: (1) Ideation, (2)
Problem Validation, (3) Problem-Solution Fit, and (4) Pitch Preparation. Naturally
the process is more iterative than linear. A student team might go through these
phases multiple times if they pivot their original ideas. Each phase will end with a
corresponding deliverable, which allows the teaching team to analyze the progress
of the projects and provide early and continuous feedback. The feedback sessions
are organized as team retrospectives, which are the meetings that the teaching staff
arrange with each individual student teams.

The most important milestone of the project is the pitch competition event
toward the end of the course. It is not only an event at which the student teams could
present their startup projects to the public audience. It is also considered the final
exam of the course. The final team grades are partially based on the performance of
the teams at the event. The students do not receive individual scores.
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The course ends with a final retrospective session with each project team.
Typically during these final retrospective sessions, we ask the students to recall the
journey they went through. The team would talk about how they feel their project
went. It is an open session with the aid of the so-called “mood chart” to facilitate
the conversations between the teachers and the students (Fig. 2 is an illustration of a
mood chart).

The final retrospectives serve multiple purposes: (a) for the teaching team to
obtain better visibility to the work and effort of each student team; (b) for the
teaching team to collect feedback from the students regarding the course; (c) for
the students to have an opportunity to reflect and enhance the learning; and (d) for
the students to have a sense of closure of the course and their project, as the course
journey can be a “roller coaster” emotionally for the teams if they take the project
sufficiently serious.

3 The Startuppuccino Journey

Over several years of teaching Lean Startup to the university students and interacting
with local startups and entrepreneurs, the teaching team has observed that there
was a lack of support to early-stage startups, especially student startup teams who
badly need guidance and support on how to turn their ideas into concrete business.
The initial idea of the teachers was to recommend good software tools to initiate
and support startups that are missing key skills in their teams (e.g., design and
web development). After the discovery of several first-moving competitors and a
revealing experience by participating in a local Startup Weekend event, the teaching
team discovered that early-stage startups need to acquire basic knowledge about
how to build a startup before they could realize what tools they need and how
they can benefit from them. Based on this realization, the team decided to pivot
to providing direct guidance to entrepreneurs by connecting them to a pool of
mentors. However, the team proceeded very slowly toward this identified direction.
No real development activity commenced. One key reason was that none of the team
members had experience of community building, and the team was not in a position
to do it since it required rich connections with local startup ecosystem players. The
small pool of mentors we built up through the Lean Startup course was far from
sufficient.

After several brainstorming sessions and realignment of the visions of different
members, the team decided to focus on one thing that the team knew well and
knew what potential pain points they could tackle: bring active learning to student
entrepreneurs through better supporting the work of educators. This was the moment
of birth of Startuppuccino, the startup idea that the teaching team pursued using the
very Lean Startup approach we taught to the student teams, and the validation of the
idea was closely tied back to the Lean Startup course.
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Fig. 2 The Mood chart used to conduct final retrospective with the student teams
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3.1 Just-in-Time Development of the Minimum Viable
Platform

In the next several months following the discovery of the new direction, the team
had intensive brainstorming sessions to share the new vision and to figure out how
to start again in a lean manner. Customer journey mapping, a tool from Design
Thinking, has been applied to get the understanding of the scope and initial set
of requirements. However, the project was somehow stagnant, and no significant
and exciting progress has been made. The team needed a push to make significant
progress, and soon realized that there was one coming soon—the teaching team is
going to start teaching the new edition of the Lean Startup course. It would be a
real and optimal opportunity to start the experiment of our idea. At that moment,
the team believed that a “concierge MVP” (Ries [7]) is a correct way to go forward.
The teaching team themselves are the “concierges,” the chosen customers, and the
team would gain a better understanding of the problem that Startuppuccino intends
to tackle as well as the solution it could offer.

To implement the concierge MVP, the team needed to build a minimum viable
platform to be able to gather feedback from the students. The assumption the team
made was that, even though educators were the intended customers, students have
to see value in the platform and be willing to use it before educators can benefit
from it. However, the team had to speed up the initial development of the platform
in order to start the build-measure-learn loops. There were two choices: (1) develop
very intensively during a short period and have a running platform ready to use
in the beginning of the course; or (2) take a more stepwise approach and develop
the application along the course. Partially due to the limited development resources
and time the team had, but more importantly due to the conviction the team had
on developing in an agile and lean manner to avoid waste in developing something
that is not going to be useful for the users, the team decided to go with the second
choice.

Since the course had weekly sessions, the team adopted weekly iterations too.
In order to decide what to be developed in each iteration and to prioritize the tasks,
the argument of developing MVP has been used extensively. The team members
constantly reminded each other that we were developing a minimum viable platform
that should allow us to understand if students would use such a platform with the
support of educators. Any addition of the new functionality was evaluated using the
criteria of minimum and viable.

One decision made purposefully by the team that reflects the team’s understand-
ing of MVP was not to develop the graphical user interface for educators, despite the
shared understanding that they would be the paying customers of Startuppuccino.
The teachers from the team modified database tables directly when certain changes
were needed from the perspective of educators.

This just-in-time but intensive manner of development put much pressure on the
developers to deliver the working functionality needed for each week. However, the
benefit was visible too. We got immediate feedback from the students and other
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intended users (e.g., mentors that supported student projects) on the developed
functionality, and if and what to develop more in the following week.

3.2 Continuous Experimentation Guided by the Unique Value
Proposition

The intensive development of the minimum viable product gave the team a sense of
achievement and satisfaction. However, it also obscured the team’s vision of a more
crucial aspect of the startup: What are the value propositions [9] that the platform
provides to the users and customers? How unique are they? [10] and How are we
different from other existing platforms to support entrepreneurship courses?

In the middle of the course, after the prototype development came into a stable
stage, the team had the opportunity to support another course in another university,
even though it was not an entrepreneurship course per se. The team failed to support
this course due to the limited capacity at that moment. However, a big debate
happened within the team as to whether we should support non-entrepreneurship
courses, which turned out to be crucial for the team to question what were the unique
value propositions (UVPs) of Startuppuccino. Several brainstorming sessions were
dedicated to answer this question. Eventually the team agreed that providing the
visibility of the learning of the student teams to the educators is the unique value
proposition that we should focus on. This UVP became the compass that guided the
subsequent development of Startuppuccino.

With this new understanding, the team realized that we needed to design new
MVPs to find the answers to two key questions: (1) How to capture the learning
from students? and (2) How to make it visible to educators?

Right from the beginning the team knew that, for entrepreneurship courses
which generally have a prevalence of practical activities, a “learning by doing”
style, conventional intermediate and final exams are not the appropriate devices to
capture the true learning that students could achieve. The teachers of the course
borrowed the practice of retrospectives from agile methods. As shown in Fig. 1,
each student team has been required to attend several private retrospective sessions
with the teaching staff during and after the course. Originally the main goal of
the retrospectives was for the teachers to get a clear idea on the status of all
projects. Soon the Startuppuccino team realized that it could be a good occasion
for the teachers to understand if the students have learnt properly. However, several
drawbacks of this approach also emerged. The students tended to forget about the
experience if a retrospective session happens too late. And it was time consuming
and resource intensive for the teachers to run retrospective sessions with all student
teams (10–15 teams). Based on this observation, the Startuppuccino team realized
that a feature that can support continuous retrospectives of student teams by
themselves would achieve the goal of capturing learning more accurately and save
the time and energy of educators.
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In order to act quickly, the team applied the concept of “piecemeal MVP” from
the Lean Startup approach. Rather than developing a native form in the platform,
which takes more time, the team quickly designed a Google form, which allowed us
to test what should be collected from the students and how to collect them. This form
has been our MVP to validate the risky assumptions that “educators can evaluate
the learning of students with the information collected by the form,” and “students
are able to interpret and provide valuable information through the questions asked
in the form.” After being instructed on how to use the form, the students had not
been forced to fill the form. In the end, we collected only few answers, and even
less of them that give a good visibility of the students’ learning to educators. The
experiment result with the Google form MVP was not positive, but it still offered
some validated learning. The team realized that, in order to gather the learning from
students regularly, a form only may not be sufficient.

Meantime, to understand how to visualize the learning has proven to be even
more difficult. The team went back to the retrospective charts drawn by the students
from the previous courses. However, since the teachers have been giving students
instructions on how to draw the retrospective charts (e.g., draw a timeline of what
happened), the team was not sure if this was really the correct way to visualize the
learning. In order to experiment on the visualization part, when the current edition of
the course ended, the teaching team did final retrospectives with each student team
and left open to the students to illustrate their learning on flipcharts. After all charts
were drawn, the team analyzed them collectively to identify common elements and
to evaluate their effectiveness of representing learning. One main validation from
this experiment was that the majority of the student teams did actually follow a
timeline flow even when they were left open to draw their learning in any format.
We also asked the members of the team that were less exposed to the course to
interpret the charts, to see which ones were easier for them to understand the project
and learning points. The charts that followed a timeline were easier to interpret.

At this point, the team started to design the learning chart and its components
that would be eventually implemented in the Startuppuccino platform. In order to
implement this part in a lean manner, we needed new opportunities to experiment
the solution. Since we were running out of time and students, we decided to consider
our own startup experience with Startuppuccino in order to test our design of
“collection and visualization of the learning.” Mockup MVP is the device we used
to experiment the solution. We used flipchart with post-it notes to simulate the
interface of online learning chart. As a result, we created our own learning chart
(see Fig. 3. Post-it notes with green text: What happened; Post-it notes with red text:
What we have learnt).

At the end of this experiment all the team members were satisfied with the
experience and the general feeling was a happy surprise from the work and
achievement we obtained. The feeling of being surprised was due to the memory
of many crucial events forgotten by any single team member. The experiment on
ourselves showed us the value of having a place, in this case the A1-sized flipchart,
to collect all the information, and the need for collaboration of all the team members
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Fig. 3 The learning chart of Startuppuccino produced during a retrospective session

to build the learning chart. It also led us to the realization that the Google form MVP
could be useful only in the context of team retrospectives.

However, we were aware of the limitation of this experiment using our own
experience, and the possibility of biases. Moreover, it was a one-off rather than
continuous retrospective intended by our solution. This was the reason why we
looked for more opportunities to run the full experiment. A new opportunity came
along when two team members were invited to run a 1-week intensive Lean Startup
course in a large Brazilian university. At the end of each day during this intensive
teaching week, the students were asked to conduct the retrospective and provide
the learning using the Mockup MVP we provided. We observed how the students
used the Mockup MVP to create their learning chart, if they followed our instruction,
and collected the feedback from them. The result experience was positive, and
allowed us to learn about more detailed aspects of our solution. One main validation
came from two students who were professors in another institute. They found that
the learning chart was a very good way to understand students’ learning, and told us
that they would go back to try with their students.

Based on the learning from this set of experiments guided by the UVP, the
team came to the realization that the most valuable feature of the Startuppuccino
platform would be the online learning chart, which would be developed in the future
iterations.
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4 Lessons Learnt

Most important lessons learnt:

– The entrepreneurial mentality is a more important learning outcome than
the realisation of a startup idea in entrepreneurship education.

– Teaching by doing enables the educators to better implement learning by
doing for the students.

– A diversified team means more diversified ways of thinking and problem
solving than diversified knowledge and skills.

In this section we reflect on the experience reported in the previous sections and
highlight the key lessons learnt.

4.1 The True Objective of Teaching “Through”
Entrepreneurship

When we started the course, we believed that the main objective of the course was
to help the students to realize their business ideas by instilling the entrepreneurial
knowledge they need and provide the support as much as possible, such as mentor-
ing, missing skills, etc. This is in line with the teaching “through” entrepreneurship
method we adopted.

Correspondingly, the way we evaluated if we were successful in teaching Lean
Startup was how many projects became real startups. However, the number was
disappointing, and we were confused of the role we played in comparison to startup
incubators, and we were not able to distinguish our course from the local incubation
programs and initiatives, such as Startup Weekend events.

With accumulated experience and interaction with students, and our own startup
experience with Startuppuccino, we came to the realization that the true objective
that is more in line with the nature of university course and participating students
should be nurturing the entrepreneurial spirits in the students, which would be
beneficial in many ways in the future no matter what they do and if they are going to
start their companies or work for others. This objective shift is not trivial in the sense
it would affect how the course should be designed, students be guided, and resources
be used. Neither is it in contradiction with the teaching “through” entrepreneurship
method, as the right mentality cannot be formed without real action as well as the
reflection upon the experience.
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4.2 Learning by Doing and Teaching by Doing

Learning by doing is an attractive aspect of the Lean Startup course and the students
generally responded positively to this style, stating during the retrospectives that this
course was completely different as compared to other courses held at the university,
and they have learnt a lot and enjoyed the course. However, the learning outcome
can be quite different for students with different attitudes toward the course. As we
always communicated with the students, the learning outcome of each individual
highly depended on how motivated, committed, and proactive he/she was. Having
said so, we as educators have the responsibility to facilitate the students to obtain
good learning experience.

In this sense, Startuppuccino is our attempt as teachers to ensure and improve
the learning that the students can obtain from learning-by-doing courses. Through
the engagement with the course and classmates using the platform, the students get
properly motivated, timely supported, and encouraged to continuously reflect on
their experience to draw valid learning points.

In addition, we have obtained our own learning by doing through developing
Startuppuccino. Four main points, valuable to us, can be useful to the student
entrepreneurs as well as any early-stage startups.

(1) Focus on what the team knows the best, and acquire the new knowledge along
the way.

Originally we wanted to build a community supported by an online platform,
which could connect early-stage startup companies and entrepreneurs with the
resources and guidance they need. However, community building demands
the expertise that the team did not have and were not familiar with. As a
consequence, the team moved slowly and lacked momentum to make real
progress. After pivoting to the idea of building an active learning environment
to support educators to better serve student entrepreneurs, the team found their
home ground. Two key members of the team are educators themselves. They
run entrepreneurial courses and know what students like and do not like about
the courses. The pain points that the team targets at are the pain points felt by
them directly. Starting with what the team knows best, we could quickly identify
where and how to proceed in a more confident manner.

(2) Need for a strong business driver.
The experience of developing the minimum viable platform described in

Sect. 3 made us realize the need and effectiveness of having a strong business
driver. Even though we decided and started with what we knew the best, the
speed of the development still suffered until we had identified one business
case, which was to support the upcoming entrepreneurship course. The course
provided a sense of real business and urgency, which put the team into
real action and motivated us to produce tangible results. The two educators
acted as super early adopter of the idea and on-site customer of the solution
development, and provided continuous drive for the team to push the idea
forward.
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(3) Obtain unique value proposition along the way.
In retrospect, the main purpose of the concierge MVP we created was to

start the learning loop. It was developed without a good understanding of what
the unique value proposition of our startup was. However, it does not mean the
effort of developing the minimum viable platform was a waste. We would not
have been able to achieve the understanding of our UVP without doing it. In this
sense, unique value propositions are not obtained upfront, but along the way of
continuous experimentation. A clearly identified UVP provides a good target
and guidance for experiments with MVPs. After we understood what our UVP
is, we had been able to utilize all the possible opportunities we could grab to
conduct a set of experiments, with a set of MVPs.

(4) Grab any opportunity or create it to experiment with MVPs.
We utilized different MVPs to conduct the experiments that allow us to

obtain validated learning on our business idea before investing significantly to
develop the full solution. We started with the concierge MVP with the support
of a minimum viable platform that we developed in a just-in-time manner with
the help of several agile practices. We learnt the value in piecemeal delivery
that allowed us to obtain constant feedback and adjust our course accordingly.
In addition, as a small startup with limited resources, we need to seize every
possible opportunity, and even proactively create new opportunities, in order to
conduct the experiments with MVPs that allow us to obtain validated learning.
We need to experiment, reflect, and learn in a continuous manner. Validated
learning is the true measurement of the progress of an early-stage startup, and
one would not be able to obtain validated learning without experimenting and
reflecting constantly.

4.3 Team Formation

We have advocated that an ideal entrepreneurial team should be composed of mem-
bers of different knowledge, skills, and background, based on the understanding
that diversity is a key attribute for innovative ideas [11]. Especially we encouraged
the students to form the team in such a way that the competence such as design,
software development, and marketing is in the team. Especially the important role
of design in the Lean Startup course projects has been demonstrated repeatedly in
various tasks.

However, the diverse skills brought by different team members should not define
the types of contribution they could bring to the development of a startup project.
Too often we saw that the project teams only used the skills of their team members,
but they were not benefiting from different perspectives and ways of thinking
enabled by different disciplines and educational backgrounds. That was why we
kept reminding the student teams that computer science students should contribute
their technical knowledge to their projects rather than just code, and the designers
were part of a team not just because they were good at designing logos. Our own
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Startuppuccino team has a good mix of various types of knowledge and skills, and
we have tried our best to use “the brains” rather than just “the hands” of everyone.

4.4 Mentoring

Mentors and mentoring are one cornerstone of our Lean Startup course. Students
can get direct learning and valuable feedback and guidance through interacting with
different mentors. We have experimented (and failed) various ways of engaging the
mentors and ensuring the quality of mentoring. Following is the solution we found
effective:

– After project teams are formed, a two-way matching between teams and mentors
is conducted to identify which mentor helps which team; mentors can vote up
to three projects that they prefer to help, and teams three mentors based on the
expertise that they need;

– Each mentor takes the ownership of the project team matched to him/her, and
mentor that project during the whole semester; and

– To allow the whole class benefit from the knowledge of different mentors, every
week we appoint at least two “Mentors of the Week” and for that week the
appointed mentors have the responsibility to mentor all the projects and answer
all the questions.

This arrangement got positive reaction from the students. However, one issue
we are still struggling with is how to handle the situations where different mentors
have different levels of commitment and engagement with the course, which affects
directly the learning experience of students.

4.5 Assessment of Student Teams

To grade the Lean Startup projects and students has always been a difficult task for
us the teaching team, both technically and emotionally, even though we made clear
to the students right from the start of the course that each project team would get
one unified score and no different scores would be given to the members of the same
team. Our rationale was that this way of grading would encourage teamwork which
was crucial for project-based courses. It also simulated the real-world situations
where the team would succeed or fail together. However, despite the fact that the
students accepted this way of grading without complaint, we were aware that the
students were not treated fairly from the point of view of the grades they received,
which may affect their academic performance if undeserved low scores were given.

No complete visibility to the effort the teams put into the projects was the main
reason that weakened our confidence with the scores we gave to the project teams.
We have used the regular retrospective meetings with the student teams to gain the



Teaching “Through” Entrepreneurship: An Experience Report 249

visibility to their project progress and efforts. We have also used Startuppuccino to
further improve and document the project work of the students. However, to achieve
complete visibility desired by the teaching team is time and effort consuming, given
the diverse nature of the ideas that the student teams are working on and their
different teamwork styles and learning path. This is a challenge that the teaching
team need to confront with better theoretical knowledge and practical tool support.

5 Conclusion

Lean Startup has become a prevailing approach applied by many startups in the past
years. At the core of the approach is using build-measure-learn loops that allow
a startup to quickly validate its business idea and to test different aspects of their
business models, in order to acquire validated learning. As Ries argues [7], validated
learning is the true measurement of the progress a startup makes, especially at its
early stage.

In this chapter, we described a Lean Startup course taught at our university,
together with our own experience of implementing a startup idea implemented as
Startuppuccino. Especially our Startuppuccino experience reveals that MVPs play
crucial and multiple roles in a startup life. To develop right MVPs to get validated
learning, a startup needs to understand its unique value proposition. Neither could be
achieved without continuous experimenting, reflecting, and learning from the team.

This learning could be incorporated in the courses that employ the teaching
“through” entrepreneurship method. We hope that our lessons learnt can be valid
input for those who would set up Lean Startup teaching in their institutions, and for
those who follow the Lean Startup approach in developing their business ideas.
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Lean Internal Startups: Challenges
and Lessons Learned

Henry Edison

Abstract To compete in this age of disruption, large and established organizations
cannot rely on the traditional way of advancement, which focuses on cost efficiency,
lead time reduction, or quality improvement. They are now looking for new ways to
innovate like startups. With greater resource in-house, they hope that they can bring
innovative products to market with new customer value as startups do. Along with
it, the awareness and adoption of the Lean startup approach have grown rapidly
amongst large and established organizations in recent years. While Lean startup
method is originated from the software startup community, the core ideas behind
Lean startup can offer benefits for large companies as well. If the obstacles can be
minimized, the opportunities can be very beneficial to leverage software product
innovation. This chapter illustrates some of the typical challenges that were met
during real-world new Lean internal startups, and how they were solved.

Keywords Lean startup · Internal startup · Lean internal startup · Large
organization

1 Introduction

Today, software startups have become one of the key drivers of economy and
innovation. Research shows that high-growth startups account for 50% of new jobs
created [14]. They differentiate themselves from other organizations by expanding
both in size and number of new locations, thus creating new opportunities in diverse
geographic areas [1] and encouraging subsequent employment growth in their
related industries [10]. Uber, Spotify and Airbnb, to name just a few, are examples of
software startups that have grown rapidly. Their products are disrupting traditional
markets and are putting well-established actors under pressure.
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To compete in this age of disruption, large and established organizations cannot
rely on traditional ways of advancement, which focus on cost efficiency, lead time
reduction, or quality improvement [33]. Corporate management is now looking
for new ways to keep their leading positions in a fast moving market, and to
innovate like startups. With greater resource in-house, they hope that they can
bring innovative products with new customer values to market as startups do.

To increase the chances of radical product innovation success, Ries [34] proposed
a set of critical innovation activities in what he called the Lean startup method. To
capture customer value, an entrepreneur starts a feedback loop that turns an idea
into a product quickly and then learn whether the underneath business hypotheses
are valid or not. As the result, an entrepreneur might pivot to pursue a new direction
of the business or continue and scale the proven business model. Pivot is common
to most startups. It could prevent a startup from bankruptcy if time between pivots
is minimized.

Even though the Lean startup approach is originated in software startups, it has
also gained interest from large companies as General Electric, 3M, Intuit, Tieto,
Supercell, etc. [23, 26]. More and more large and established organizations adopted
the Lean startup approach, hoping that it will help them to generate successful
software product innovation. A survey on 170 corporate executives reveals that
more than 80% of them are deploying some elements of Lean startup approach in
the Research and Development (R&D) activities. For example, they build minimum
viable product (MVP) and test to the customers before making any investment,
iterate based on their feedback, and measure and learn based on the data.

Definition: Lean internal startups share the character-
istics of internal corporate venture (ICV) structure and
Lean startup process.

The other way to adopt Lean startup approach in large organization is to
establish what I called as Lean internal startups. Lean internal startups share
the characteristics of internal corporate venture (ICV) structure and Lean startup
process. As an ICV, Lean internal startups are a separate and dedicated entity within
the organization and have access to its resources. Teams are responsible from end
to end, from ideation to commercialization of a new software product. Moreover,
the new product is targeted at external users or customers. Lean internal startups
aim for radical product innovation and its business model which is different with
the existing ones. In addition, Lean internal startups adopt the core principles of
Lean startup: validated learning, build-measure-learn and innovation accounting.
This will make a difference between Lean internal startups and ICVs.

Based on the experience of five new product innovation projects, in this chapter
I will explore some challenges and pitfalls which we met during the concrete
execution of Lean internal startups, their consequences and which action mitigated
them and what was the final outcome.
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2 Lean Startup, Internal Corporate Ventures and Lean
Internal Startups

This section provides a discussion of the key concepts of Lean startup, ICVs and
Lean internal startups and their relationship.

2.1 Lean Startup Approach

Inspired by Lean manufacturing principles from Toyota, Ries [34] introduced a
scientific approach to manage successful product innovation in an extreme situation,
in which the problem and solution are unknown. The Lean startup approach is built
upon the Customer Development Model [8] which consists of four steps: customer
discovery, customer validation, customer creation, and organization building. The
first two steps are concerned with identifying what customers value the most. The
last two steps aim to create a market for the product and scale the business. The
model teaches to focus on and scale something that has been proven to work.

Principles of Lean Startup [34]:

– Entrepreneurs are everywhere
– Entrepreneurship is management
– Validated learning
– Build-Measure-Learn
– Innovation accounting

Lean startup is a structured process to validate business hypotheses through an
engineering approach. Gilb and Gilb [21] refer Lean startup approach as a more
“extreme” agile approach than extreme programming (XP) or Scrum to manage
system building processes. Agile seems able to prescribe on how to develop a
working software faster, but is still unable to give answer what product should be
developed [11]. Although agile also advocates to build the software iteratively, it
only works when the problem is known to the stakeholders. Figure 1 presents the
key processes of the Lean startup approach.

Lean startup has five principles [34], as follows:

– Entrepreneurs are everywhere. Anyone can be an entrepreneur without owning a
business, either a student or an employee within a corporation.

– Entrepreneurship is management. Startup is not only about product development
but also business development.

– Validated learning. Startups are not to build new product or generate money,
but to build a sustainable business. Hence, entrepreneurs should run experiments
frequently and validate the hypotheses about the business model.
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Envision Build Measure Learn

Pivot

Persevere Scaling

re-vision: change in strategy
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Hypothesis rejected, 
adjust vision

Hypothesis validated

Fig. 1 Lean startup process steps [16]

– Build-Measure-Learn (BML). This is the fundamental activity of a startup: build
an MVP, test it to market, measure customers’ reaction and behavior, learn from
it and use it to build a better product. An MVP is a smallest set of features or
activities needed to test a hypothesis.

– Innovation accounting. To improve the outcomes, entrepreneurs must empiri-
cally measure and communicate the real progress of innovation.

Startups are not small versions of large organizations, as they are different
in various aspects, e.g., goals, measurements, and culture [8]. For example, in
terms of the goal, startups are to build a sustainable business model, while large
organizations already have one. The first step is to identify the most riskiest business
model hypothesis and then developing a minimum viable product (MVP) to begin
the process of learning as quickly as possible. This requires actionable metrics that
can demonstrate the cause and effect question. Based on the learning, entrepreneurs
learn whether to persevere on the proposed business models or to pivot to a new
direction, or to perish—renounce the business and the product [18, 34]. The key
practices of Lean startup are summarized in Table 1.

2.2 Internal Corporate Ventures (ICVs)

In the literature, ICVs are commonly referred to as autonomous corporate startups
[39] or internal startups [42] or innovation hubs [31] or spin-offs. ICVs are corporate
entrepreneurial efforts that originate within a corporation and are intended from
inception as new business for the corporation [24]. The introduction of a new
internal venture may be the consequence of following or leading to product or
market innovation [9, 38]. The degree of newness is defined by being new in
the world and new in the industry [24]. New business can be established as an
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Table 1 Key practices of Lean startup approach (adapted from [34])

Key practice Description

Get-out-of-building Confirm through face-to-face interaction with customers specifically
what the problem is and whether it is worth solving. The purpose of
early contact with customer is to understand the potential customers
and their real problems

MVP To validate the leap-of-faith assumptions, a version of product with
minimum amount of effort should be released as quickly as possible.
If MVP seems to have dangerous branding risk, launch MVP under
different brand name

B-M-L loop A feedback loop, which in order to turn ideas into products, measures
how customers respond and learns whether to pivot or persevere

Use actionable metrics Metrics that demonstrate clear cause and effect to evaluate the
progress

Small batches Engineers and designers work side by side on one feature at a time.
Whenever that feature is ready to be tested with customers, they
release to a small number of people

Pivot Change in course or strategy. There are ten types of pivot proposed in
[34]: zoom-in pivot, zoom-out pivot, customer segment pivot,
customer need pivot, platform pivot, business architecture pivot, value
capture pivot, engine of growth pivot, channel pivot, and technology
pivot. A recent study [5] identified several new pivot types, including
side-project pivot and complete pivot

Continuous
deployment

The code written for an application is immediately deployed into
production

instrument to pursue incremental innovation (a new product in a current market
or a new market for a current product) or radical innovation (a new product for a
new market). Innovation is generated through a separate and dedicated entity which
is operated within an established company, using resources that are solely under the
control of the company [30, 35].

The introduction of new internal ventures is also seen as a core process to create
new capabilities for parent company [6, 28, 29]. ICVs need a great freedom to do
experimentation [39, 41]. As a learning process, therefore, failure is inevitable. To
minimize the cost and risk occurring with the entrepreneurial process, e.g., lack of
track records, lack of familiarity with ICV’s structure [9, 39], corporate management
needs to balance between giving independency and monitoring [19].

Research on ICVs has no consensus on operation independence [19]. Some
scholars advocate the structural separation of the venture from its parent. The
bureaucracy and hierarchy that run corporation’s main business do not support
entrepreneurial effort [15]. Several empirical research find that the structural
separation shows a positive impact on its performance (e.g., [7, 12]). Moreover,
having this separate division with its own resources will not generate more impact to
the companies [13]. On the other hand, other scholars argue that the parent company
does not benefit from the separation. The nature of parent company could nurture
the startup process, and at the end support the health of main business reciprocally
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[29]. In addition, a quantitative study by Kuratko et al. [24] shows that its operation
autonomy has no significant effect of ICV performance.

In the context of large software companies, a study by Raatikainen et al.
[32] investigates how internal startups are used for new product development.
The study finds that in each phase of a new product development life cycle,
companies can apply different structures, e.g., internal startup, company subsidiary,
incubating, etc. Another study by Selig et al. [36] investigates the role of corporate
entrepreneurs in internal startup. The study finds that corporate entrepreneurs share
the same characteristics as independent entrepreneurs. To further pursue innovation,
corporate entrepreneurs need a guarantee of minimum salary and autonomy to
experiment.

2.3 Lean Internal Startups

Current research on the Lean startup approach is centered on applying the approach
in a software startup context to develop new product (e.g., [17, 20, 22, 27]). Very
few studies investigate how the Lean startup approach supports software product
innovation in large companies. In addition, research interest in applying Lean
startup approach in non-startup context has emerged during the past years [40]. One
of the Lean startup principles claims that entrepreneurs are everywhere, and that
entrepreneurial spirits and approaches may be applied in any size company, in any
sector or industry [34]. Therefore, applying startup concepts in non-startup contexts
seems a promising avenue for established organizations to improve their innovation
potential.

More and more large organizations such as General Electric, 3M, Intuit, Tieto,
Supercell, etc. have shown their interest on Lean startup approach to leverage their
product innovativeness [23, 26]. A survey on 170 corporate executives reveals that
more than 80% of them are deploying some elements of Lean startup approach in
the Research and Development (R&D) activities. For example, they build minimum
viable product (MVP) and test to the customers before making any investment,
iterate based on their feedback, and measure and learn based on the data.

Another way to adopt Lean startup approach in large organization is to establish
Lean internal startup. Lean internal startups share the characteristics of ICV’s
structure and Lean startup process. As an ICV, Lean internal startups are a separate
and dedicated entity within the organization and have access to its resources. Lean
internal startups aim for radical product innovation and its business model which
is different with the existing ones. Lean internal startups adopt the core principles
of Lean startup: validated learning, build-measure-learn and innovation accounting,
which differentiate them with traditional ICVs.
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3 Cases Overview

3.1 Introduction

This chapter is based on five Lean internal startups, which were established in
four different large organizations1: Lokki (F-Secure), FastCafé (CallBook), SeeSay
(CallTech), SmallAds and CarAds (SellnBuy). The profiles of the case organizations
and the teams are sufficiently diverse, which are illustrated in Tables 2 and 3.

To be qualified as Lean internal startups, projects need to show that they share the
characteristics of ICV: separate and dedicated entity within an organization and have
access to its resources, aim for radical innovation. Teams are responsible from end
to end, from ideation to commercialization of a new software product. Moreover, the
new product is targeted at external users or customers. In addition to this, projects
also need to show that they adopt two or more key practises of Lean startup in
their development process: validated learning, build-measure-learn, and innovation
accounting.

3.2 Lean Internal Startup Activities

Lokki Case (F-Secure) Over the years, F-Secure has a long experience in var-
ious internal innovation initiatives, e.g., ground-up innovation, 10% free time,
hackathons. In 2012, F-Secure was running a growth strategy exercise to explore
a new opportunity area, which was people protection, develop a concrete product
and release the product in Summer 2013. The top management decided to run the
exercise inside F-Secure and called it an internal startup. It is different than Research
and Development unit, as the business target has been set up for them.

To find a concrete idea, the team was brainstorming a number of family
protection concepts and exploring consumer security products available on the
market. Several product concepts were generated and validated through multiple
online surveys to identify which concepts were more interesting to users. Then the
survey was distributed through social media and the discussion boards in the USA
and Europe where family-oriented people were discussing about kids and families.
The survey results showed that there was a big interest for family location sharing
applications.

The concept ideas were pitched to the top management in December 2012. Later
on, it was decided in March 2013 that the key performance indicators (KPIs) of
the internal startup were the schedule and net promoter score (NPS). The product

1Except Lokki (F-Secure), the name of the product and organizations are changed due to
confidentiality reasons.
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Table 2 Profiles of the four case organizations

Lokki FastCafé SeeSay SmallAds and
CarAds

Organization
name

F-Secure CallBook CallTech SellnBuy

Domain Cyber security
and privacy

Print directory
publisher

Telecommunication Online classified
advertisement

Total number
of employees

>1000 >2000 >35,000 >450

Total revenue
(million)

e 146 (2015) e352 (2015) e14,000 (2015) e163 (2015)

Table 3 Profiles of the five Lean internal startups

Lokki FastCafé SeeSay SmallAds CarAds

Size 6–7 7–15 4–20 5–6 5–7

Composition Team lead,
architect, UX
designer, 3–4
developers

Team lead, UX
designer, 3
developers, 2
part-time
members at start
and now has 15
members

Team lead, 3
developers
(interns) at
start and now
has 20
members

Team lead, 3
developers,
part-time
consultant,
part-time UX
designer

Team lead,
UX designer,
3 developers,
2 part-time
business
developer

Product type Family
location
sharing

Online
prepayment
platform

Audio and
video
conversation
platform

Online
payment
solution

Online ads
platform for
used cars

Timeframe 2013–2014 2014–now 2013–now 2016–now 2014–2016

must be launched by mid of August 2013 and reach a certain of NPS by the end of
September 2013.

Lokki 1.0, the first MVP was built using HyperText Markup Language (HTML)
5 technology because it was the standard technology for developing mobile
applications. However, the result was not good enough because Lokki 1.0 had
performance problems. Hence, in Lokki 2.0, the team pivoted to use native Android
and iOS technology. Based on the Lokki experience, later on HTML5 is no longer
a mandatory technology for mobile applications in the company.

The MVP was demoed to the management in May 2013. The main features were
inviting users to a closed group and showing/hiding their locations. Then the team
did a survey in some primary schools in Helsinki to test the product and gather
feedback from parents and their children. The first version was released for iTunes
and internal users in June 2013, and then for Google Play in August 2013, and
finally for Windows Store in January 2014.

In Summer 2013, the organization’s strategy was updated toward privacy. The
people protection area was no longer inside the boundary of the strategy. A new
emphasis became more prominent in the organization’s strategy. Early 2014, the
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corporate management decided to release Lokki as an open source software project
collaborated with two universities in Europe and the USA.

FastCafé (CallBook) CallBook is one of the leading marketing organizations
and one of the largest print directory publishers. The initiative for new product
development was part of the company strategy to shift from print directory business
to digital business. Revenues at its print-based business are declining at an average
15% a year. In 2012, CallBook invested in innovation skills by bringing in a design
consultant, to kickstart a design thinking ability for its new product.

The first MVP of FastCafé was using short message service (SMS) where people
could send an SMS for ordering a coffee. The solution was tested with the people
in the company to see how it could work. The team got around 20 orders in 1 week.
To test with a broader audience, the second MVP was developed—an HTML-based
mobile application using which customers could select the coffee, the café, and
the pickup time. Once the order was received, the team would go to the café and
place the actual order. As the customers came and picked up the coffee, the team
interviewed them about their experience. The MVP was tested for 3 days. The team
generated 700 dollars worth of orders and collaborated with 4 cafés.

After the meeting with the CEO, in October 2013, the team decided to focus on
the development of FastCafé. The team prioritized to develop the order and payment
processing. They worked together with the café owners to cocreate processes that
fit into their current processes seamlessly. However, it was still unclear how the
business model would be. At the first launch in February 2014, the team ran 1
month pilot program to see how the payment system could work. The pilot program
collaborated with 20 cafés. It was extended for another 3 months for stress test of
the system.

It took 10 weeks after its launch for the team to get the first revenue from
the customers. Only a few customers signed up FastCafé and started paying after
the pilot program. FastCafé was able to generate 20–30 dollars a week. The team
learned that customers were willing to explore a new way of payment if it was
convenient. For example, customers asked for PayPal to handle the online payment.
However, the team considered that it was not financially viable as PayPal charged 4
dollars per transaction. Hence, the team had to find a new way to secure the payment
process.

After the pilot program, the team started charging the cafés if they kept using
FastCafé. The business model was the subscriptions model, which is based on the
volume of transactions. The café would pay the weekly fee and a percentage of
revenue earned through FastCafé. For electronic payment system, FastCafé used
electronic funds transfer at point of sale (EFTPOS). The payment from customer is
directly deposited to the café’s bank account.

SeeSay (CallBook) SeeSay is an ongoing internal startup at CallTech, one of the
leading telecommunication companies. CallTech is considered as a hierarchical and
bureaucratic organization by the interviewees. Traditionally, as a telco, CallTech
is providing a good infrastructure and technology for telecommunication network,
including Internet connection. CallTech is looking for product innovation beyond
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the existing technology and launches an intrapreneurship initiative in-house. SeeSay
was born internally in the initiative and established by one of the employees, who
has now become the VP of SeeSay.

Over the years, CallTech has used to outsource any software development to
external companies. Later on, there is an increasing understanding of having internal
software development to seek an opportunity from the existing technology. It was
the Team Lead vision to develop a new audio and video communication tool when
he was working on another project. The existing video conference solutions were
not able to solve their problems.

Three internship students were recruited to work on this project. In 2013, the
first MVP was released and demoed internally. When the internship period was
over, the development was taken by a group of internal engineers. The team spent
a long time to establish a solid team. At the beginning, they got to know each other
and find each role in the team. Everyone had a lot of ideas and wanted their idea
to win. Hence, most of the time, they were discussing and figuring out what should
be in the product. Once agreement was made about the roles, the team started being
more productive.

All the users’ feedback were put into the product backlog and the Team Lead
prioritized and decided which stories would be implemented. The tasks were
assigned by considering their scopes. However, each feature was implemented by
the same person, from end to end. Every new feature was launched to the service and
tested through an experimentation with real users. The team also evaluated existing
features that had been in the service. Features that were no longer working anymore
or least used by users were removed from the service.

At the time of investigation, the team was developing a premium feature, a
paid version of SeeSay. The co-founder was taking responsibility to lead the
development of premium features. At the same time, the size of the team was getting
bigger. More new members with sales and marketing background joined the team to
create a market for the product.

SmallAds (SellnBuy) SellnBuy is one of the largest online marketplaces. SellnBuy
owns one of the largest newspapers nationally in the country. In product department
there are 40–50 business developers who are responsible for managing different
verticals, e.g., real estate and car. Each vertical has one or two business developers.
Business developer searches for a business opportunity by talking to sellers (the ones
who put ads on the online marketplace), understanding their needs and translating
them into a new product idea.

The idea of SmallAds came as the result of competitor analysis in August 2015.
As a business developer, the team lead realized that there was a trend that the
number of professional sellers was decreasing. At the same time, a number of
online marketplace companies, e.g., Amazon, Shopify, etc. have provided their own
payment solution and APIs that could be used by customers to integrate and push
their products into their marketplace. Hence, the sales is easily made in the same
marketplace. In addition, the price to subscribe to this service is cheaper and the
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API is easier to implement. There is a potential threat that their professional seller
would switch to a different platform to increase their sales.

The concept of payment solution was presented to product director at the end
of October 2015, and pitched to the CEO in November 2015. In February 2016,
new presentation was conducted to the management team, but without any decision.
The decision was made in April 2016. The approved business model is that the
customers must pay a fee from every sales made through the platform. Since then,
a formal recruitment was set up for internal employees. Some of the members were
not fully dedicated to the team, for example, UX designers or consultants who had
more knowledge about the existing product in the market.

The development was started in June 2016. The team were not developing from
scratch but using component off the shelves (COTS) as much as they can. In July
2016, the agreement had been made for the front-end of SmallAds. The team
started working on the back-end to allow the integration with partners’ website.
SmallAds will take care of all transactions made in the SellnBuy marketplace.
Hence, customers would pay a small percentage of the sale. If they do not sell
anything, then they do not pay anything. It is different with the existing business
model in SellnBuy, where customers pay a subscription fee annually. The proposed
business model was tested with existing users.

The first MVP was launched in October 2016. The main KPI of the team is
how much sales are going through the new market place at the end of 2016.
With this KPI, the main challenge to generate revenue is to convert users from
existing verticals to the new marketplace. At the time of investigation, the team
was preparing for the year end evaluation based on the KPI.

CarAds (SellnBuy) In 2014, corporate management wanted to explore a new way
to sell and buy used vehicles for private people. Two employees worked on this
project part time to explore this project. To identify the current problem with the
car dealing, the team conducted user and customer analysis. With the help of an
external consultant company, they interviewed 8 private car sellers and launched
a survey to 1300 users of CallTech car vertical. The external consultant company
selected respondents who bought or sold used cars in the last 6 months, either
privately or through dealership. The results showed that even though there are high
risk, insecurity, and hassle in the private car dealing, there is a willingness to pay for
a solution that solves those problems.

To find a solution, the team looked at similar offers in the market and compared
how these companies deliver customer value in the different steps of the selling and
buying process. As the result, the team came up with new hypotheses about end-to-
end car dealing process: the car will be sold within 60 days, otherwise it is bought
by them.

It took half a year for them to identify the main problem and develop a product
concept to solve that problem. The product concept was pitched to the corporate
management. The management gave another half a year for the team to explore the
possibility of having collaboration with car dealers. The concept was approved in
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mid-2015. On February 1, 2016, the full team was established and they got their
own room to work on this product concept.

An experiment was set up to validate if the concept gained interest from the
existing customers. An MVP was built to estimate the conversion rate they got in
order to be more confident on what they should expect when it came to revenue and
handling of the cars.

Even though the result was positive, the car dealers still did not believe in the
concept and did not want to involve in the project anymore. They still considered
the product as a threat. In June 2016, there was a new corporate strategy and
the corporate management decided to focus the business further on the existing
verticals and the project was terminated.

4 The Experience

This section discusses and summarizes the key challenges faced during the journey
and some recommendations to address them.

4.1 Sponsorship

All cases show that Lean internal startup initiatives may come top down (driven by
the top management) or bottom up (driven by the employees), or in other terms, as
a planned initiative (Lokki, FastCafé, and CarAds) or an autonomous/opportunistic
initiative (SeeSay and SmallAds) [24]. At their inceptions, the planned initiatives
are considered as “strategically legitimate” since their initiations are purposeful
and desirable. Their legitimacy increases the likelihood of the internal startups to
receive resources from the company. On the other hand, for autonomous initiatives,
the employees are responsible for initiating the Lean internal startup including the
generation and implementation of ideas.

Challenge The case of Lokki, FastCafé, and CarAds reveals that since the orga-
nization strategy may change over time, it may also affect their legitimacy.
Strategy and objective on innovation define how resources, product, and process
are configured to support innovation [3]. As long as it can accommodate, the new
strategy may not influence the legitimacy of the internal startups. However, the
worst case happens when the internal startups are no longer within the new strategy.
In such a situation, there is a high chance that the initiative will lead to a termination,
despite whatever the results they bring.

The essence of top management support relates to effective decision-making to
manage business risk that is outside the authority of the project team [43]. In the case
of CarAds, the top management did not authorize the proposed business model, as
it bore risk to the ongoing business. During the earlier phase of Lokki, the team had
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a champion sitting in the board of management. However, he did not have authority
to influence his peer to protect the internal startup when there was a change in the
organization’s strategy.

In this critical time, to maintain the legitimacy, the initiatives should gain top
management support or championship. The support from top management is crucial
to protect the initiative, to mobilize resources, to empower and to inspire employees
to innovate that whatever they are doing has impact on the organization [2]. As
shown in the case of FastCafé, the support from CEO made a difference with other
cases. Similar to Lokki, there was a change in strategic level as new management
came in. However, the full support from the CEO enabled them to achieve their
target and grow.

Lessons Learned The most obvious lesson is that top management support is criti-
cal to gain legitimacy. The team should be able to convince that the idea is important
for the organization and then ask the legitimacy from the top management. From
Lokki case, we can also learn that necessary changes should be made to ensure that
the idea is still within the organization strategy.

Lean internal startups need to balance the need of their “customers”: external
customers and top management. Focusing on external customers enables them to
build the right product, while focusing on top management secures their legitimacy
in the organization.

4.2 Autonomy to Experiment and Pivot

In product innovation, where the target is the emerging or untapped market,
traditional business and market analysis do not lead to profitability because of the
inefficiency and inaccuracy of the business and market learning [4, 25]. Therefore,
when Lean internal startups attempt to generate product innovation, they require
to some extent freedom to learn through experimentation and gain new knowledge
about products, technologies, markets, and organization routines [19].

Challenge Having autonomy to experiment and pivot means that Lean internal
startups do not need to follow the existing rules in an organization. Some internal
processes do not allow them to build and learn faster. In the case of Lokki, breaking
the rules enabled them to speed up the process. They can choose any processes,
tools, or platform that work for them. They do not depend on other units to solve
particular problem. However, on the other side, in large organizations, people have
already their own job descriptions. Breaking the rules is considered a violation to
their territory and could raise an internal conflict among the employees themselves.

We observe a common pattern that Lean internal startups are not allowed to do
business model-type of pivots. One of the reasons is, first, as shown in FastCafé
during the envision phase, the idea that has been presented to and approved by top
management has shown the biggest potential to generate revenue. Second, with the
approved business model, the revenue has been set as one of the KPIs for the team,
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e.g., in the case of SmallAds. When the management evaluates that the product does
not bring a significant value to the company, there is a chance that the startup would
be terminated. Third, the top management sets out the boundaries for the team to
experiment in business model, as shown in the Lokki case and echoed by CarAds.

Lessons Learned The adoption of a new method raises organizational tensions
that play either constructive or destructive role. Tensions can lead to a detrimental
effect on the organizational performance or be beneficial by fostering competition
and challenges with management involved in the process of continually resolving
tensions. Thus, management needs to find strategies to better manage and ensure
that tensions align with organizational roles. A new culture and cooperative mode
needs to be built for internal startups to work efficiently and coexist with existing
business.

While innovation is critical for organizations to grow, it is also unpredictable
and challenging to manage. Moreover, the essence of innovation is to find and
learn about customers and their problems. Internal startups may fail to achieve their
target, but they learn something. Acknowledge this and allow them to pivot, even in
the business model.

Similar as external startups, the true product of Lean internal startups is the
business model, not the solution itself. For large organizations, there may be a
fear that the new product will hamper their existing business. However, there is
no revenue without a business model. A practical tip to address these issues is not
to have a risky business model or unique value proposition. It means that the new
business model should not be targeted at the existing customer or market segment
as it can adversely affect the overall performance of existing business.

Another tip is to have a clear mandate for the team on their mission and minimize
the disturbance of work. Collaboration with various experts inside the organization
is invaluable for the team; however, it should be done in a way that allows for faster
development speed and faster learning.

4.3 Team Dynamics and Motivation

Based on the origin of the idea, startups can be divided into “idea-first startup”
and “team-first startup” [37]. Our cases suggest that a planned internal startups
share similar characteristics as team-first startups, while an autonomous internal
startups as idea-first startups. In an autonomous initiative, the person who owns and
develops the idea becomes the team lead. On the contrary, in a planned initiative, the
team lead is selected from middle management. As compared to standalone startups,
Lean internal startups enjoy security and less pressure.

Challenge In the case of Lokki, it was not easy to build an entrepreneurial team
internally. It means that the team has core competence to build the product. Even
when it was a planned initiative, not everyone in the organization is exciting about
entrepreneurship. For example, it was not clear what happened if they failed to
develop new product. Also, it was not clear what they would gain if it was a success.
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Some people would prefer stability and predictability rather than working in an
uncertainty.

This situation became worst in the case of idea-first startup such as SeeSay and
SmallAds. The team lead had to recruit interns to work on the initial idea during
the early phase. The idea of internal startup did not get interest from employees.
In SeeSay case, the team lead had to compete with other teams to get resources,
including the members.

Building a solid team takes time, especially if it is an idea-first startup where the
idea is owned by the team lead. The vision should be shared among the members, so
that they can work in harmony. In the case of SeeSay, they made an agreement about
the roles and responsibilities and the development process. Moreover, in all cases,
there was no incentive to get the startups succeed. As part of a large organization,
they had a specific KPI as the basis for a pay raise or bonus. There was no additional
reward given to the team.

Lessons Learned The general lesson in this case is to provide an incentive for
people who are willing to initiate or join the internal startup so that each member has
personal stake in the outcome. It is not necessarily related to financial benefits, such
as bonus, pay raise, or stocks. As shown in the case of FastCafé, the decision to join
the team was driven by intrinsic motivation rather than extrinsic motivation. Having
new experience is the biggest motivation to involve in this innovation initiative.
Some of the members had to demote from their positions before joining the team
but working together with the experts seemed a good opportunity.

Having cross-functional team is necessary for Lean internal startups. It can be a
mix of experts and fresh graduates. We can learn from the case of FastCafé, which
the members were selected based on the skills and attitude. The team members
were individuals who had deep knowledge in one or two areas but still had adequate
knowledge across all areas more broadly so that they were able to interweave with
other disciplines to fill in any gaps.

Employees are not liable, they are assets. Thus, investing in employees is always
good to improve their capabilities and competence, which at the end will increase
the likelihood of internal startup success. Moreover, trust your employees by giving
them autonomy and freedom to be fast but expect responsibility.

5 Conclusion

Lean startup approach has gained interest from large and established organizations
as a vehicle to pursue radical innovation. Ries [34] argues that the core ideas behind
Lean startup can offer benefits for large and established companies as well. If the
obstacles can be minimized, the opportunities can be very beneficial to support
software product innovation. Lean internal startup is one way of Lean startup
adoption in large and establish organizations, which is aiming for radical innovation.
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The main challenges of Lean internal startups are due to the main characteristics
of large organizations. They already have successful ongoing business in the market
and they are backed up by strong bureaucracy, policies, and procedures to maintain
the business. FastCafé is a testimonial of how large organizations can innovate like
startups with full support from top management. SeeSay and SmallAds are examples
of how large organizations nurture autonomous Lean internal startup in a controlled
environment. From Lokki and CarAds we learn things to be considered carefully
when deciding to run Lean internal startups. Even if the lessons we have drawn from
these cases will need further validation and will certainly be improved or surpassed,
we hope sharing them will contribute to further successes in similar endeavors.
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Abstract Marketing is a vital activity for software startups as they seek high
growth. A specific type of digital marketing, growth hacking, in particular has
attracted a lot of attention in software startups. Growth hacking is about utilizing
low-cost marketing practices and existing platforms to rapidly increase the user
count of a service. Though topics related to growth hacking such as marketing on
a general level have been extensively studied in the past, growth hacking has not
seen much direct interest in the academia thus far. As a result, we currently have
few tools to teach growth hacking in startup education. In this chapter, we present
two board games intended to serve as an introduction to growth hacking.

Keywords Growth hacking · Startup education · Startup gamification · Software
startup

1 Introduction

Though most companies are concerned with growth, for startups growth is typically
far more vital than it is for more mature organizations. Strategies for growth are
various. In terms of growing through user or customer acquisition, marketing is
a key activity. Marketing strategies range from, e.g., digital viral marketing to
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traditional forms of display advertising done through television advertisements. As
startups operate under a notable lack of resources this usually limits their marketing
options compared to more mature businesses.

Growth hacking is a marketing strategy [1] that focuses on low-cost practices
and using existing platforms in creative ways. This makes it well suited for startups,
and indeed, growth hacking as a construct was originally discussed in relation to
startups. Currently, few academic studies directly related to growth hacking exist,
even if software startups are keenly studied by academics [2]. Though marketing
is a long-standing area of research in economic disciplines, and search engine
optimization (SEO) and other areas of research closely related to growth hacking
have been extensively studied in the field of information technology, growth hacking
has not been directly studied academically.

Indeed, one of the goals of the original version of this paper was to spark interest
in growth hacking in the academia, while also presenting two board games for
teaching growth hacking. In this chapter, we present those two board games for
teaching growth hacking. These games can help those involved in teaching startup
entrepreneurship, as well as aspiring startuppers. The games can be downloaded
using the links provided at the end of this chapter.

2 What Is Growth Hacking?

The construct growth hacking was popularized by Sean Ellis [3] in his blog
about startup marketing.1 Growth hacking is a marketing strategy according to
Herttua et al. [1]. As the name implies, it is about using various growth hacking
techniques or practices to “hack” the growth of a company, often a startup. To
this end, we consider growth hacking a process of rapid experimentation across
marketing funnel, sales segments and other areas of the business including the
product development, to identify the most efficient ways to grow a business.

In practice, growth hacking is technology oriented and relies on using technical
practices, with one of the main tasks of a so-called growth hacker in fact being
(software) development [1]. This, Herttua et al. [1] underline, is one of the main
differences between growth hacking and other marketing strategies such as viral
marketing or guerilla marketing.

In academic literature thus far, the following characteristics have been associated
with growth hacking [1, 3, 22]:

• Use of data in the form of metrics
• Changing the service based on data
• Low-cost practices
• “Pulling” users to the service as opposed to

1www.startup-marketing.com

http://www.startup-marketing.com
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• “Pushing” the service to them
• Using existing platforms in creative ways
• A/B testing

Growth hacking is typically discussed by focusing on various growth hacking
techniques often referred to as growth hacks [4–6]. Growth hacking techniques
are numerous (see e.g. [4]). They range from social media practices such as
following individuals or organizations in hopes of gaining followers in return to
sales-related practices such as offering free software trials or downselling upon
subscription cancelation. These practices are seldom exclusive and can be combined
and experimented with at will by software startups.

A famous example of growth hacking in practice is the story of Hotmail. To
tackle their growth issues early on, Hotmail implemented the signature text “PS. I
Love You. Get your free e-mail at Hotmail” into all e-mails sent from their service.
Having tried various other forms of marketing, this proved to be far more effective.
Following the campaign, Hotmail quickly grew from a few thousand to a few million
users and sold its service to Microsoft. In this fashion, growth hackers aim to “hack”
growth by both being creative with existing platforms and using low-cost practices
to drive growth.

3 Two Board Games for Learning or Teaching the Basics
of Growth Hacking

In order to teach growth hacking in a fun and engaging way, we have developed two
board games focused on growth hacking and various growth hacking techniques
recommended by practitioners [4–19]. Aside from providing an overview of the
categories of growth hacking techniques, the board games also offer practical
examples of the use of individual growth hacking practices. Both of the games can
be downloaded from FigShare, the link to which is in the final section.

One of the board games, the Growthopoly, focuses on teaching different types
of growth hacking (e.g., social media marketing), taking on an overview approach.
The second game, Game of Growth, then focuses on individual growth hacking
techniques. The contents of the two games thus complement each other. Both games
are available on FigShare via the following link: http://bit.ly/gh-board-games.

3.1 Growthopoly

Growthopoly (Fig. 1) is a Monopoly-inspired board game on growth hacking. In
Growthopoly, the players compete against each other with the objective of gaining
5000 followers, and the player to reach that milestone first is the winner.

http://bit.ly/gh-board-games
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Fig. 1 The Growthopoly game board

At the beginning of the game, each player: (1) Chooses a player character; (2)
Chooses an additional marker, in addition to their game character, for displaying the
number of followers in the middle of the board; and (3) Receives a certain amount
of game money. Money is expended (and gained) over the course of the game by
landing in the various squares on the game board.

The player character is used as a game marker for moving on the board according
to the die rolls (and other events). Each player character specializes in one of
eight areas of specialty in growth hacking: (1) Search Engine Optimization, (2)
Email Marketing, (3) Social Media Marketing, (4) Public Relations, (5) Product
Development, (6) Display Advertising, (7) Content Marketing, and (8) Search
Engine Marketing. Learning different growth hacking strategies is a central part
of the game, akin to purchasing properties in monopoly, and these specialties help
the character learn certain strategies faster.

The game then proceeds in turns, one player at a time. During their turn, the
player throws two dice and advances the number of spaces denoted by the dice
with their game character. What happens then depends on which type of space the
player lands on. Sometimes the player has to act, while sometimes they can choose
(not) to act. The game board contains six types of spaces:

• Growth hacking skill space. Whenever a player lands on a growth hacking skill
space, the player may pay game money to study that skill for a number of turns:
one turn for level one, two for level two, and three for level three skills. When
the player has learned the skill, they gain the number of followers on the space.
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• Bonus space. Upon arriving in a bonus space, the player draws a bonus card.
Bonus cards are always positive and grant either money, followers, or both.

• Trade fair space. In this space, the player may pay a certain sum of money to
gain a number of followers.

• Problem and Solution (prob and solve) space. The player draws a card, which
may be either a problem or a solution. Solution cards are used to tackle problems
and may be stored for later use, while problems cause immediate, negative effects
when drawn unless countered with a solution. Players may trade solutions.

• The Slush space. The player spends a maximum of three turns at Slush. At the
start of each turn, the player rolls a die to determine whether they stay or leave
Slush.

• The Start space. Upon arriving in (or simply passing by) the start space after
looping around the game board once, the player gains customers and game
money.

By learning the different growth hacking techniques for their characters and by
landing on the various spaces, players can gain more followers and/or more money.
If a player lands on a growth hacking skill already learned (owned) by another
player, the owner gains the number of followers listed on the space. If the player
lands on the growth hacking skill that is also their player character’s specialty, they
get twice the number of followers and learning the skill takes one turn less than
specified on the space. The game proceeds until one of the players reaches the goal
of 5000 followers.

Growthopoly is intended to serve as a general introduction to growth hacking.
It teaches the players about various types of growth hacking (e.g., Search Engine
Optimization). It does not contain much educative content as far as microlevel
growth hacking techniques go, however. The other game, which we present next,
on the other hand focuses specifically on individual growth hacking techniques.

3.2 The Game of Growth

The Game of Growth (Fig. 2) is a cooperative board game. In the Game of Growth,
the players form a team that is intended to emulate a startup organization. Rather
than competing against each other, the team then aims to win the game together as
a team while playing against the game board. The goal is to get 5000 followers for
the team’s hypothetical software service.

Before the game starts, the players choose what type of startup they want to be:
tech, service, or entertainment. The team then starts the game with 5000 dollars
in (game) money. Using the 5000 dollars, the players have 10 turns to reach 5000
followers. Each turn represents 1 week. Each turn has three phases, each of which
is denoted by drawing a different type of card.

1. First, at the start of the turn, the team draws an event card. The event card applies
special rules for that turn. For example, the event card might have a beneficial
effect such as making hiring a new employee during that turn cheaper, or a
negative one.
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Fig. 2 Students playing the Game of Growth

2. Secondly, after the event card is drawn, the team draws three hack cards. Hack
cards contain ways to increase the number of followers of the service. For
example, a hack card may require the team to pay a few hundred dollars for a
chance to gain a few hundred followers by rolling the die favorably. The team
may either use or ignore the hack cards, but they are all discarded at the end of
the turn either way.

3. Finally, at the end of the turn, the team reveals an employee card at the end of the
turn. The team then either hires or refuses to hire the employee, concluding the
turn. Any employees hired by the team will have to be paid a salary at the start
of each turn until the end of the game, or until fired. The employees offer various
ways for the team to gain more followers.

The game then continues in this fashion until the team either wins or loses. The
game automatically concludes after ten turns have passed, at which point the team
loses if they have not reached the 5000 follower milestone. Otherwise, the team
either loses by running out of money on the way or gains 5000 followers before the
time limit is reached.

The educational value of the game is mainly in the hack cards. Each hack card
contains descriptions of individual growth hacks. The cards cover techniques such
as asking Internet celebrities to promote your service or sending personalized emails
to targeted prospects (“cold emailing”) as a very early-stage startup looking to gain
its first users or customers. The Game of Growth, in other words, takes on a more
microlevel approach to teaching growth hacking, whereas Growthopoly focused on
the big picture.
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4 Methodology: How the Board Games Were Designed

The board games presented in this chapter were created during the course
“TJTS5792 Advanced Lean Startups” in the University of Jyväskylä. The games
were developed by two teams of Information Systems (IS) students, under the
supervision of the teaching staff of the course. For creating the board games, we
conducted a multivocal literature review on growth hacking prior to the start of the
course.

The board games were based on the contents of various books written by
startup experts, which we discovered by means of a multivocal literature review
(i.e., a literature review that included both peer-reviewed academic literature and
unreviewed “gray” literature such as books by practitioner experts). Due to the lack
of academic research on growth hacking, we focused on gray literature. Moreover,
we limited the literature reviewed to books. As this was part of a university course,
we wished to provide the students with clear reading materials.

The results were filtered based on the context “growth hacking” was discussed
in in the books, using researcher judgment. The focus was on confirming that
the book discussed growth hacking themes (user acquisition by means that could
be considered growth hacking). After confirming relevance, we performed quality
appraisal by checking the reviews of each book on either Good Reads or Amazon
Reviews. Only books rated 3.5 or higher (on a scale of 0–5) were included into the
reading materials.

The books were then read by the students during the first week of the aforemen-
tioned course, one per student. Afterward, the students presented the contents of
their book to the other students in the course during the following lecture. After
this, the students split into two teams, each tasked with creating a board game they
felt taught the most important things about growth hacking, based on the readings.
The creation process was supervised by the course staff who provided assistance
when (if) needed.

Once the games were completed, the course participants and the teaching staff
played both games during the third lecture. Though the games were not formally
evaluated, the game session was considered enjoyable by the participants. The
games were revised and further improved based on the feedback from the session.
Afterward, the students utilized the content of the games (the categories of growth
hacking from the Growthopoly, as well as any techniques from the Game of Growth
where applicable) to split into groups and utilize growth hacking techniques from
these categories.

Using student-created content in this fashion is not a novel discourse in the field
of scientific education. It has increased in recent years due to Wiki-technologies
[20]. Moreover, our recent empirical, scientifically reported experiences from
student created board games in SE education have also been positive [21].
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5 Conclusions: Managerial Implications

Growth is vital for startups and marketing is key in achieving it. Growth hacking
is a type of digital marketing that focuses on innovative, low-cost practices, and is
generally discussed primarily in relation to startups. Little academic research into
growth hacking currently exists, although marketing in general and fields such as
Search Engine Optimization closely related to growth hacking have been extensively
studied in the past. We therefore presented two board games for teaching growth
hacking.

The two board games presented in this chapter should primarily be of interest to
those who teach startup entrepreneurship or work in startup ecosystems, as well as
new startuppers. The games serve as an introduction into growth hacking. However,
for those seeking to learn more about growth hacking techniques, we recommend
the books used as source material for these games [4–19].

For educators, we also underline the educational value of having had the students
utilize the growth hacking practices in a real setting. Based on our experiences,
utilizing growth hacking techniques in practice resulted in lessons learned not
covered in the books. For example, during a course on growth hacking, students
who used growth hacking learned that (1) if the platform sells display advertising
by view count, views by bots also eat up the count. (2) Therefore, limiting ads to
certain geographic locations can help not only to reach the right audience but also
to avoid bots. (3) When advertising, e.g., a YouTube channel, it can be beneficial to
have the traffic pass through a redirect link in order to collect more data about the
incoming traffic.

Key Takeaways

Game of Growth can be useful for teaching (or learning about) 

growth hacking techniques.

Growthopoly can be useful for teaching (or learning about) growth 

hacking strategies.

Both games can be downloaded from: http://bit.ly/gh-board-
games

References

1. Herttua, T., Jakob, E., Nave, S., Gupta, R., Zylka, M.P.: Growth hacking: exploring the meaning
of an internet-born digital marketing buzzword. In: Zylka, M., Fuehres, H., Fronzetti Colladon,
A., Gloor, P. (eds.) Designing Networks for Innovation and Improvisation, pp. 151–161.
Springer, Cham (2016)

2. Unterkalmsteiner, M., et al.: Software startups – a research agenda. e-Informatica. Softw. Eng.
J. 10(1), 89–123 (2016)

3. Geru, M., Rusu, E., Capatina, A.: Growth hacking practices in a start-up: a case study on
thecon.ro. In: Proceedings of the 2014 International Conference on Risk in Contemporary
Economy (2014)



Software Startup Education: Gamifying Growth Hacking 277

4. Happy, A.: How I Create Growth Hacking Plans for Startups for $10,000: + TOP 300 Growth
Hacks You Can Put into Practice Right Away. CreateSpace Independent Publishing Platform,
Scotts Valley (2016)

5. Patel, S., Wormley, R.: 100 Days of Growth Book – 100 Actionable Tips to Grow Your Startup
Faster. E-Book

6. Peters, R.: Growth Hacking Techniques, Disruptive Technology – How 40 Companies Made It
BIG – Online Growth Hacker Marketing Strategy. Blep, Malden (2014)

7. Berger, J.: Contagious – Why Things Catch On. Simon & Schuster, New York (2013)
8. Berger, J.: How Ideas Spread. The Teaching Company, Chantilly (2014)
9. Berger, J.: The Hidden Forces that Shape Behavior. Simon & Schuster, New York (2016)

10. Covel, S.: Marketing Your Startup – The Inc. Guide to Getting Customers, Gaining Traction,
and Growing Your Business. AMACOM, New York (2018)

11. Ellis, S., Brown, M.: Hacking Growth: How Today’s Fastest-Growing Companies Drive
Breakout Success. Crown Business, New York (2017)

12. Eyal, N., Hoover, R.: Hooked – How to Build Habit-Forming Products. Penguin, New York
(2014)

13. Fong, R., Riddersen, C.: Growth Hacking: Silicon Valley’s Best Kept Secret. Lioncrest (2017)
14. Fried, J., Heinemeier-Hansson, D.: Rework. Crown Business, New York (2010)
15. Holiday, R.: Growth Hacker Marketing – A Primer on the Future of PR, Marketing and

Advertising. Portfolio, New York (2013)
16. Linkner, J.: Hacking Innovation. The New Growth Model from the Sinister World of Hackers.

Fastpencil, Campbell (2017)
17. Snow, S.: Smartcuts – How Hackers, Innovators, and Icons Accelerate Success. Harper

Business, New York (2014)
18. Walsh, R.: The Web Startup Success Guide. Apress, Berlin (2009)
19. Weinberg, W., Mares, J.: Traction – A Startup Guide to Getting Customers. S-curves, Los

Angeles (2014)
20. Wheeler, S., Yeomans, P., Wheeler, D.: The good, the bad, and the wiki: evaluating student-

generated content for collaborative learning. Br. J. Educ. Technol. 39(6), 987–995 (2008)
21. Kemell, K.K., Risku, J., Evensen, A., Abrahamsson, P., Dahl, A.M., Grytten, L.H., Jedryszek,

A., Rostrup, P., Nguyen-Duc, A.: Gamifying the escape from the engineering method prison –
an innovative board game to teach the essence theory to future project managers and software
engineers. In: Proceedings of the 2018 IEEE International Conference on Engineering,
Technology and Innovation (ICE/ITMC) (2018). https://doi.org/10.1109/ICE.2018.8436340

22. Kemell, K.K., Wang, X., Ngueyn-Duc, A., Grendus, J., Tuunanen, T., Abrahamsson, P.: 100+
Metrics for software startups – a multi-vocal literature review. In: Proceedings of the 1st
Software-intensive Business Workshop on Start-ups, Platforms and Ecosystems (SiBW 2018),
Espoo, December 3rd, 2018 (2018)

http://dx.doi.org/10.1109/ICE.2018.8436340


Part V
Startup Stories Worldwide



Key Influencing Factors in Early-Stage
Hardware Startups: A Trilateral Model
of Speed, Resource, and Quality

Vebjørn Berg, Jørgen Birkeland, Anh Nguyen-Duc , Khan Khalid,
Ilias Pappas, and Letizia Jaccheri

Abstract Hardware startups, i.e., wearable devices, robotics, and Internet of
Things, are a significant sector of technology startups, in which software devel-
opment is relevant and needed. Compared to pure software startups, hardware
development in startup contexts lacks a systematic approach and guidelines. This
chapter describes an empirical model that captures common elements in product
development approaches among many hardware startups. Grounded from insights
of 18 active hardware startups, we constructed a trilateral model of resource, speed,
and quality in early-stage product development. For startups with relevant contexts,
the work suggests the preparation of internal, external resources, and good practices
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1 Introduction

The barriers to starting a hardware company have never been lower, a result
of the rising hardware ecosystem. Technological advances, rapid prototyping,
decreased component costs, small-batch manufacturing, and fundraising platforms
have renewed the interest for hardware startups [1]. With the Industry 4.0 revolution
[2], the adoption and development of hardware-related technologies, for instance,
the Internet-of-Things (IoT), cyber-physical systems, and robotics are becoming
mainstream. According to Gartner’s hype cycle, by 2020, hardware technologies
will be in 95% of electronics for new product designs. The number of connected
hardware devices available in the worldwide market is approaching 15 billion
devices [3].

In July 2017, hardware device maker Jawbone became one of the most spectacu-
lar failures in the history of startups [4]. Jawbone is known for wireless technology,
i.e., Bluetooth headset, wireless speaker, and lately fitness tracker. Despite grabbing
almost 1 billion dollars during 10 years of its life span, Jawbone failed to hold
on to significant market share for its product line. Their final key product, UP3
fitness tracker bands, faced various production problems, insufficient customer
satisfaction, and stiff competitions from Fitbit and Apple in the same market. In
2016, the company stopped making and then selling their fitness trackers before
eventually selling off their remaining inventory to a reseller [4]. Soon after, Jawbone
discontinued its relationship with its outside customer service agency.

Startups of any kind are a challenge, and startups wherein hardware is involved
are particularly challenging. Hardware startup context poses several challenges to
traditional product development and innovation methods [5]. With recent advances
in hardware prototyping (i.e., 3D printing and hardware development kits), the
development of hardware-related products can be more agile and iterative [6].
For instance, a higher development pace and greater flexibility are reported to
be facilitated by using Agile methodologies in hardware projects at Ericsson [3].
However, in general, the complex nature of hardware products imposes many depen-
dencies and constraints such as competitors, vendor, platform, and competence
dependency [7].

The development of a hardware product is difficult, as it consists of complex
processes. It requires a merger of various types of hardware components with
versatile software products and processes. Due to this complexity, it is really difficult
to expect someone to get hold of all the issues and hence a set of guidelines
would shed light on common steps, practices, and pitfalls during early stage of
hardware startups. These guidelines should be simple but effective, for example,
focusing on the delivery of minimal viable product as compared to developing a
comprehensive product can help the startup in capturing the market share. In this
chapter, we will not only introduce a new hardware startup model but will also
propose recommendations for early-stage startups.
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2 Hardware Product Development

Hardware startups are those startups that develop products with mixed hardware and
software parts, including embedded systems, sensor devices, and advanced robotics
[1, 2, 7]. As stated earlier as well as depicted in Fig. 1, hardware product is a merger
of various software and hardware components. At the bottom end lie the actual
hardware components which are the core of the product. These are small devices
that hold the working of all other hardware components at one place. The sensors
are used to get the input from the environment and systems-on-chip is the new
dimension of information processing. Connectors are used for the information flow.
On top of the hardware components, we need a middleware that would provide a
layer of abstraction for wrapper applications such as cloud and mobile applications.
These applications provide the user interface to the users and provide accessibility
and ease of understanding.

Hardware product development is distinct from software development, as they
need to handle hardware design and development, and manufacturing in addition to
software development. They also have to deal with production and logistics issues

Fig. 1 Elements of startup hardware product
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Table 1 Similarities among hardware and software development

Software development Hardware development

Similarity Software relevant. Software is normally included in a hardware product
User interaction with products in various ways
Including design, implementation, testing, deployment, and maintenance
Considering both functional and nonfunctional requirements

Difference Tangible product
Software is easier to change
refactoring and extension is common after
a release
Some nonfunctional requirements can be
relaxed
Various way of implementing software

Both tangible and non-tangible
Cost of change is much more
Physical component cannot be
refactored
Nonfunctional requirements are
critical
Expected significant design upfront
Heavy testing in various operational
environment is expected

like packaging, shipping, and customs [1]. Table 1 summarizes key differences
between a typical software development and hardware development process.

Even though it is a popular perception that hardware systems are associated with
waterfall development methodologies, research has shown several positive experi-
ences using Agile methodologies in embedded systems [5, 8–10]. Greene reported
a positive experience of applying Agile approaches in firmware development at
Intel [8]. Adopting XP practices, Santos et al. showed a successful software version
created for control of a satellite camera [9]. Kaisti et al. conducted a systematic
mapping study about the adoption of Agile methodology in embedded systems
development [10]. The authors suggested that Agile practices can be used in the
embedded domain, but the practices need to be adapted to fit the strictly constrained
field of embedded system development. Compared to Agile software projects, some
adjustment might need to be implemented, as shown by Ronkainen et al. when
dealing with challenges of hard real-time requirements, prototyping, documentation,
and test-driven development in Agile hardware development [5].

3 Study Method

3.1 Theoretical Framework

Researchers have proposed many software startup frameworks in the literature
such as authors have discussed the issue of software process improvement in the
context of achieving specific goals such as development speed, production cost, and
product quality by using Grounded Theory approach [11], whereas a discussion
of the current era of the digital economy is carried out in [12]. The paper states
that companies are expected to develop high-quality software systems at “Internet
speed” which means that the customer will get continuous value at a faster pace.
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Work has been carried out in the direction of behavioral science and a framework
is developed that has identified an inconsistency between managerial strategies and
execution that can lead to failure. It was found that it is more important to understand
the problem/solution fit before verifying product/market fit [13]. Authors have also
discussed that the actual implementation of well-known practices such as Agile and
Lean are not easy in a software startup because of the vagueness and imprecise
implementation steps [14].

Early-age startups are counted as a separate discipline and Greenfield Startup
Model (GSM) captures the underlying phenomenon of software development in
early-stage startups [15]. The paper argues that product restructuring in light of
customer requirement is more important as compared to quick product delivery
to the market. The model illustrates that quick development is important due to a
severe lack of resources, where low attention to quality leads to the accumulation of
technical debt. The initial growth hinders the performance and future growth of the
company. We selected GSM model as a starting point because of two reasons: first
is the holistic coverage of almost all the process areas offered by the GSM model
and second is its focus of the early stage of startups which is also our concern in this
chapter.

3.2 Data Collection and Analysis

The study is of exploratory nature as we seek to create knowledge by investigating
events and actions of those who experience them [16]. Semi-structured interviews
of selected participants fitted both the time constraints and availability of hardware
startups and are considered suitable for qualitative data analysis [16]. Interviews
allowed for a discoverable approach, as interviewees could express themselves
more freely and provide their own perspectives on personal experiences related
to the research topics. Before the interviews, we looked into the cases’ business
background, through either their company websites or other relevant incubator or
accelerator websites. Additionally, most participants answered a simple question-
naire prior to interviews where they pulled out basic information about themselves
and the company. These measures allowed for efficient interviews as the first and
second authors possessed more knowledge about the case and could use less time
on initial formalities. Initial company analysis allowed for a holistic understanding
of each case and provided stronger evidence for the conclusions drawn from the
interviews. We applied the thematic synthesis process, which is a codes-to-theory
model for qualitative research [17]. The first step of the analysis process was to read
through the transcribed interviews (61 A4 pages of text) to generate initial ideas and
identify possible patterns in the data. All interviews were transcribed shortly after
they were conducted to ensure the actual meaning of interviewees’ answers.

To validate the model’s compliance with the hardware startup context, we
performed a validation with the participating startups. We selected five Pakistani
startups for model validation and each participant received the model with the
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Table 2 Case demographics

Case ID Product Year # people Country Current stage Role

Case 1 Smart Gloves 2016 18 Norway Early stage C
Case 2 Medtech Biosensor 2017 5 Norway Early stage C
Case 3 Physical Exercise Game 2016 5 Norway Later stage C
Case 4 Unmmaned Aircraft System 2016 7 Norway Early stage C
Case 5 Advanced Noise Cancellation 2017 5 Norway Early stage C
Case 6 Medtech Hydration Monitoring 2016 10 Norway Early stage C
Case 7 LPG Management System 2016 8 Norway Early stage C
Case 8 Cable Cam System 2016 10 Norway Early stage C
Case 9 Digital Piggy Bank 2017 5 Norway Early stage C
Case 10 Collaborative Camera 2014 50 Norway Later stage C
Case 11 Interactive Children’s Toy 2015 8 Netherlands Early stage C
Case 12 3D Printer Board 2009 1 Norway Early stage C
Case 13 Sensors for IoT 2007 25 Italy Later stage C
Case 14 Clique 2015 8 Pakistan Later stage V
Case 15 Electroid 2015 14 Pakistan Early stage V
Case 16 Eye Automate 2016 10 Pakistan Later stage V
Case 17 Car Chabi 2016 18 Pakistan Later stage V
Case 18 Xgear 2014 15 Pakistan Early stage V

Notation: In Role column, C means Construction and V means Validation

corresponding description and was asked to explain to what extent they found the
model useful, and how the model contributed to describing the hardware startup
context.

3.3 Case Description

Our case description, from Case 1 to Case 18, is summarized in Table 2. Our sample
consists of startups in Norway, the Netherlands, Italy, and Pakistan. Most of the
companies have less than 5 years of operation, are composed of 5–25 people, have
launched their products, and acquired certain sale volumes.

4 The Trilateral Hardware Startup Model

Based on the thematic synthesis, we have created a model describing the context and
overall engineering approach of hardware startups. The interview base of 61 pages
of text allowed us to identify three higher order themes unique to hardware startups,
before compiling the Trilateral Hardware Startup Model constituting a total of nine
thematic elements.
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4.1 Model Overview

From the collected data, we identified connections to quality, speed, and resources,
operating as core elements of the trilateral model. Depending on the objective of a
project, quality, speed, and resources are factors influencing product development.
There may exist other elements that can contribute to describing the engineering
activities in hardware startups (i.e., the scope of work); however, we found
resources, quality, and speed to be the most prominent to the startup context.

As shown in Fig. 2, resources is the major element affecting hardware startups’
ability to achieve both rapid development and high product quality. Experienced
by most startups is that resources are restricted in most areas of the business, be it
time, money, team capabilities, etc. For software startups, lack of resources is the
most significant factor operating their context [18]. Limited access to resources set
restrictions and boundaries to product development in both software and hardware
startups.

Operating in competitive business environments characterized by extreme uncer-
tainty, hardware startups must strive to obtain speed. Through evolutionary proto-

Fig. 2 The trilateral model of speed, resource, and quality in early-stage hardware startups
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typing, rapid development, and simplified solutions, they continuously experiment
to identify markets and customers. The importance of speed in startups has been
emphasized by The Lean Startup method where the main objective is to grow the
business with maximum acceleration [19]. In pursuing development speed, product
quality tends to be less prioritized.

In the model, speed and quality are connected by a two-way arrow, illustrating a
trade-off. Hardware startups are to a larger extent dependent on the quality of their
products. Speed is achieved through simplified solutions on the software side while
spending more time on the quality of hardware. The nine higher order themes can
be seen as factors operating the hardware startup context. They impact each of the
three elements or relations between them in various ways and extent. The following
subsections will introduce each of the factors in greater detail.

4.2 Model Detail

4.2.1 Restricted Resources

Startup companies typically have a general lack of human, physical, and economic
resources in their early stages [18]. These factors imply several constraints both as
to how they manage and aim to grow their business and how they develop their prod-
ucts in extremely uncertain and dynamic market conditions [20]. Hardware startups
experience similar restricted resources, evermore severe and harmful than software
startups. Since they rarely have the capacity to develop prototypes themselves, they
greatly depend on third parties to deliver ready-made or customized components
in time. The resource intensity and complexity of embedded systems development
leave immense demands to the capability of development teams; however, there is
restricted access to dedicated people with both technical and entrepreneurial skills.
As shown in Fig. 3, most of the hardware startups compose of software, hardware,
and business competence. However, the level of competence and readiness of the
teams for the developed products vary.

Poor economic conditions make recruitment challenging to perform. Lack of
financial resources can be more severe for hardware startups as they require more
initial capital due to the costs associated with rapid prototyping of hardware.
This includes material costs and manufacturing fees, as compared to software
development which is mainly associated with labor costs [21]. Access to prototyp-
ing equipment can help hardware startups perform more rapid prototyping; however,
their lack of capital and facilities (e.g., labs or proper testing environments) hampers
their prototyping capacity.

The insufficiency of human resources, finance, technical elements, and 

tools are major barriers to the process of prototyping. 
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Fig. 3 A common set of human resources in hardware startups

4.2.2 Team Proactivity

The proactivity of the team significantly affects speed in the context of restricted
resources. Anticipatory, change-oriented, and self-initiated team members are a
necessity in the fast-changing, high-risk environment of startups. Hardware startups
need team members dedicated to all aspects of the development process, including
knowledge within the application domain, systematic development, software and
hardware development, mechanical engineering, and experience of working with
third-party companies. Working with several technology domains and external
partners increases the complexity and lengthens the prototyping stage, and leaves
higher demands to skillful teams and entrepreneurial capabilities. Members should
have experience from working with bigger product companies as stringent financial
resources and small production batches make it hard for startups to find manufac-
turers invested in the startups’ success. Attracting experienced and knowledgeable
people is hard as startups rarely can provide good salaries; hence, startups often
consist of students with little or no experience from high-tech product development.
Distributed development across big geographical distances and different cultures
and languages can challenge the communication capabilities of the team. Commu-
nication is important to increase efficiency, reach goals, and avoid conflicts from
misunderstandings. Since formal documentation practices imply documentation
must be updated every time software is changed, documentation extensively relies
on tacit knowledge to increasingly facilitate for rapid prototyping and implementa-
tion of new features. Effort and time can be spared when relying on the knowledge
of team members.
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Anticipatory, change-oriented, and self-initiated team members 

positively impact the prototyping process. Hardware startups demand 

more boundary spanning capabilities of their team members than what 

is required for software startups.

4.2.3 Twofolded Product Quality Trade-Off

Being able to prototype fast for testing new ideas and product features is crucial
to learn faster than competitors. Business experimentation to build new features
is performed in small iterative cycles with minimal effort on product quality to
achieve speed. Since software can be changed and modified quickly, shortcuts and
workarounds are more easily taken on the software side of hardware startups’
products. Software testing is not systematically performed, rather the responsi-
bility of each developer. While pursuing speed for the software development of
the prototype, the nature of hardware development inhibits hardware startups in
achieving rapid prototyping. The importance of nonfunctional requirements and the
dependability on third parties are factors greatly affecting their ability to perform
frequent releases. Whereas product quality has low priority in software startups,
product quality in hardware startups can be seen as a twofolded trade-off between
the quality of software and hardware. Hardware quality is often necessary to meet
nonfunctional requirements and dependency toward third parties. Although the
software and hardware contexts share many of the same characteristics, the specific
hardware tasks and dependencies imply that speed sometimes is achieved through
quality-adding activities. Shortcuts are mainly taken on the flexible software side.
Hardware changes are kept to a minimum, hence requiring greater quality focus in
early stages.

There is a need of synchronizing the quality level of software and hardware 

parts in hardware startups.

4.2.4 Third-Party Dependency

Without industry knowledge and the ability to mass-produce prototypes, hardware
startups need external competence. Hardware startups depend on third parties
for hardware production and physical components. Third-party dependency is the
most prominent factor influencing product development in hardware startups. Long
production and shipping times, manufacturing defects, end-of-life components, cost
of rework, communication, and culture differences are some central issues affecting
hardware startups’ ability to perform rapid prototyping and business experimenta-
tion. Because of limited financial resources and small production batches, it can be
difficult to find manufacturers invested in the startups’ success. Working with local
vendors producing components of high quality at an affordable cost is advantageous.



Key Influencing Factors in Early-Stage Hardware Startups: A Trilateral Model. . . 291

Long-term relationships with professional actors can enhance product quality and
reduce the degree of dependencies. Access to prototyping equipment can reduce
dependency on external partners, and have a positive effect on development time and
prototyping costs, enabling faster problem space testing. Hardware development is
a time-consuming process, and so minimizing necessary work for experimenting
business ideas is essential.

Third-party dependency is not only an influencer in manufacturing, but 

also one of the most important factors determining the speed of hardware 

prototyping.

4.2.5 Hardware–Software Integration

Hardware startups’ dependability on third parties for components and manufactur-
ing inhibits both their flexible development approach and their ability to quickly
develop prototypes. To achieve rapid prototyping for testing new ideas and product
features, they facilitate changes in software. The software can be modified quickly
according to changing customer demands, allowing for frequent releases. A flexible
interface between hardware and software can enable more parallel and independent
development of hardware and software and promote work on multiple solution
methods. Another important asset provided by a flexible interface is the increased
ability to handle product complexity, by allowing for parallel work and informal
workflow. Documentation is to a large extent based on informal communication
among the team members. The complex nature of hardware development and the
numerous interaction points require information exchange to be explicit; however,
too much documentation is not feasible in early development stages. Formal meet-
ings consolidating efforts in hardware and software development are unavoidable,
synchronizing and prioritizing new tasks.

4.2.6 Evolutionary Prototyping

Hardware startups usually start building a physical prototype to elicit requirements
and achieve fast business experimentation. They extensively try to reuse software
components, as physical components are easier to reuse with more refined pro-
totypes. This is similar to an evolutionary approach, as they perform incremental
improvements on an early low-resolution prototype. The approach can help them
demonstrate problem/solution fit through discovering the needs of early customers,
enhancing the effectiveness of the product, and prevent exhaustion of their severely
limited resources. As in hardware development, we differentiate between works-
like prototypes and looks-like prototypes. As seen in Table 3, the evolutionary
approaches for these types are different. Regarding works-like prototypes, evolu-
tionary prototyping promotes flexibility and reactiveness; however, hardware and
hardware-related code are sensitive to frequent changes and refactoring due to
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Table 3 Evolutionary prototyping approaches

Works-like prototype Looks-like prototypes

Examples Ardunio+Raspberry Pi
Replacement of wifi receivers to 5G receivers

Wireframes, foam, 3D
printed layouts, etc.

Reuse approach Reuse physical components
Modular codes/components with clear interfaces

Reuse layout designs
Clean, modifiable,
extendable designs

the hard real-time requirements and third-party dependencies. Frequent changes
might unconsciously change system behavior, and so rapid prototyping depends on
predevelopment system design and planning activities beyond the purpose of the
evolutionary approach.

There are different evolutionary approaches for works-like and looks-

like prototypes.

4.2.7 Rapid Development

The most important priority of hardware startups is to achieve quick development
speed. Testing and quality assurance practices are usually inferior to speed-related
activities. The importance of testing new ideas and features on customers is crucial
to learn faster than competitors, but achieving this in environments of severely
restricted resources and third-party dependencies can be somewhat of a challenge.
Hardware startups generally minimize any degree of process, preferring ad hoc
development approaches customized to their own needs. They seek to utilize a small,
flexible team without any bureaucracy, capable of responding quickly to changes.
Informal communication and workflows are favored to formal documentation
practices. Having a skilled, boundary-spanning team often counter-balances the lack
of process. The same relates to testing practices which highly depend on individual
efforts, manual smoke tests, and simulations in early phases. By following an
evolutionary prototyping approach, hardware startups aim to test an initial prototype
to elicit requirements. Problem space testing is a resource-intensive activity since
each prototype involves individual production costs, emphasizing the importance
of maximizing valuable learning from each. Having a professional local vendor
can help decrease delivery times and manufacturing defects. Access to prototyping
equipment can decrease development time and costs as third-party dependencies
are reduced, further enhancing the ability to perform problem space testing. A
flexible hardware–software interface increases the level of parallel and independent
development and can help hardware startups better manage quality concerns in
later stages. Since improvements and changes to software are quicker and easier,
hardware startups should keep software development in-house.
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Rapid development for hardware contains the balance of speed and 

quality. 

4.2.8 Incurred Technical Debt

As hardware startups accept that time to market is a more important objective
than product quality, development teams take shortcuts and workarounds. New
features are implemented in small, iterative cycles to perform rapid business
experimentation, with minimal effort on quality assurance and documentation
practices. In some cases, this phenomenon occurs as “feature creeps,” the excessive
addition of new features for releases. While feature creeps could be as dangerous as
it unnecessarily delays product launches and drives up costs, one common problem
in both hardware and software startups is technical debts. Software features are
implemented with a minimal amount of functionality. As the documentation would
need to be updated for every change made to the code base, developers rely on
their own knowledge instead of updating formal documentation. Since hardware
startups rarely have the capacity to produce many prototypes, problem space testing
becomes a challenging endeavor. The evolutionary approach increases the chance
of feature creeps. Restricted resources and the need for rapid development lead to
the accumulation of technical debt.

Compared to throwaway prototyping, evolutionary prototyping 

increases the chance of feature creeps.

4.2.9 Return Effects of Short-Term Benefits

With business growth as the main objective in the early phases, hardware startups
will eventually have to slow down development to meet the ever-increasing needs of
established customers. The evolutionary approach promoting reuse of components
will lead to components holding too low quality or features not contributing to
the core-delivered value of the product. The numerous interaction points between
software and hardware components are vulnerable to later changes. Updating or
removing code base can potentially change the entire system behavior, as failing to
meet timing and performance constraints can jeopardize the system operation. This
means that refactoring quickly becomes an immensely complex endeavor. Hardware
startups favor informal communication and simple workflows. Shortcuts can speed
up development in early phases, but might cause a severe amount of rework in
the long run. In the worst case, lack of documentation and quality can put all
development on hold. When scaling the business to a larger customer base, new
employees are needed. Tacit knowledge makes it hard to integrate new people and



294 V. Berg et al.

can inhibit further growth. The introduction of more rigorous processes is necessary
for the long run, but will forcibly deny the initial speed and flexibility of hardware
startups.

Short-term benefits of rapid prototyping scale-up technical and 

organizational challenges in later phases. 

5 Recommendations

Hardware startups develop a wide range of products, including systems that may
cause critical situations if system operation fails. The findings in this chapter were
synthesized from 18 case studies that share commonalities. These conditions could
be thought as criteria to apply the recommendations from this chapter:

• Startups with bootstrap financing models, at their early stages
• Startup teams include both technical and business competence
• Startups operate more than 6 months, have actually launched or sold their

products
• Startups whose business model lies in both hardware and software components

The study is designed and conducted to reduce as many validity threats as
possible; hence, it should be valid to relate the findings in the trilateral model to
hardware startups with the described criteria. The model explains the priorities of
hardware startups in their engineering approach and provides a simple illustration of
the hardware startup context. The model presents the specific needs for the process
of managing the relationship between quality and speed under restricted resources.
It can help practitioners obtain a better understanding and awareness of their
own context. This is useful for hardware startups in understanding the underlying
motivation for introducing specific practices and activities, and why some practices
may counteract the overall objective of startups. The improved understanding will
help practitioners in making technical and business-related decisions of sustainable
character. Particularly, we suggest that:

(a) Find a hardware–software competence to become a co-founder. The core value
proposition of your startup should be done in-house.

(b) Be aware of cost-effective external resources that are usable in the prototyping.
(c) Encourage proactive and boundary-spanning activities of team members during

prototyping. All team members should involve in cross-domain activities,
software–hardware, technology–business.

(d) Plan, store, and document for reuse components. The team stores and reuses
designs of looks-like prototypes while enhances and reuses software/hardware
components of works-like prototypes.
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(e) Focus experimentation with core features, and stay away from feature creeps
in early stages. Experiments on multiple features might delay the development
process, reduce quality on core features, and deviate the business development.

(f) Align human resources and organizational structures according to the product
structure.

(g) Plan for quality, not only speed. Some quality attributes require upfront
specification, experimentation, and designs that are not able to add in during
the later stages of prototyping.

6 Conclusions

Hardware startups develop physical products with mixed hardware and software
components, requiring expertise within a broad range of technological fields. In
addition to software development hardware startups deal with production and
logistics issues, factors implying higher initial financial and human investments
than what is experienced by software startups. With the trilateral model, this study
explains the priorities of hardware startups in their engineering approach, providing
a simple illustration of the hardware startup context. It presents the specific needs for
the process of managing the relationship between quality and speed under restricted
resources, providing practitioners with a better understanding and awareness of
their own context. The improved understanding will help practitioners in making
technical and business-related decisions of sustainable character.

For researchers, the trilateral model provides a first step toward understanding
the context and engineering activities in hardware startups, outlining potential
areas for future research. Future work should verify the model with other startup
companies to find its applicability in other environments, enabling generalization to
a larger startup audience. More investigations should be undertaken to understand
the role of scope in the engineering activities of hardware startups, and how it can
be included in the model. In addition, the three specific factors should be further
explored in later studies. As hardware startups need more attention to hardware
quality to allow for evolutionary prototyping and speed, there should be engineering
approaches describing how hardware startups can manage the relationship between
restricted resources and increased quality demands.

There are several limitations identified to this study. Having based our study
on qualitative measures, results and implications are subject to bias. To mitigate
the risk of misunderstandings or wrong interpretations, both researchers attended
all interviews. Whenever possible, interviews were performed face to face on-site.
Recordings were transcribed and translated shortly after each interview to ensure
that respondents’ meanings were preserved. Another limitation is the insufficient
knowledge on technical decisions and product development challenges provided
by some interviewees (i.e., knowledge of business executives is often based on
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managerial viewpoints). The results would benefit from a greater amount of
participants providing insights into everyday engineering activities of hardware
startups.
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The Rise and Fall
of a Database-as-a-Service Latvian
Unicorn

Didzis Rutitis and Tatjana Volkova

Abstract This chapter presents a postmortem analysis of the collapse of a Latvian
enterprise software company Clusterpoint that attempted to enter the global mar-
ket with a Cloud-based database-as-a-service (DBaaS) offering to compete with
MongoDB and other vendors in the NoSQL database category. The beginning
of Clusterpoint is dated back to 2006 when three co-founders established the
Clusterpoint Ltd. Company in Riga, Latvia. Clusterpoint developed its proprietary,
closed source Clusterpoint database software and sold it in the local Latvian market
using traditional enterprise licensing model. In 2015, Clusterpoint used more than 2
million EUR for launching its Cloud-based DBaaS offering and entering primarily
the US market. In 2016, it was recognized by market research agency Gartner
as one of Cool Vendors in platform-as-a-service (PaaS) segment. However, by
the end of 2017 the company was unable to attract another investment round for
financing its operations and was forced to file for insolvency due to liquidity issues.
Research results suggest that the main reason for company collapse was related to
the inability to achieve product/market fit due to the lack of Clusterpoint integration
with the major Cloud infrastructure vendors (Amazon WS, Microsoft Azure, etc.)
and its focus on closed-source business model. The effect of these two factors
was amplified by premature scaling. The authors use the research method of an
empirical case study and postmortem analysis approach, analyzing the outcome in
the retrospect (doing the “research-in-the-past”) of a completed project. One of the
co-authors has worked as an employee at Clusterpoint during from February 2015
till March 2016.
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1 Introduction

The purpose of this chapter is to analyze the reasons behind the collapse of
Clusterpoint company starting from 2015 when it attempted to enter US market with
a Cloud-based database-as-a-service (DBaaS) using a postmortem analysis method.

1.1 Company Background

Clusterpoint was founded in Latvia on August 21, 2006 by three co-founders
who knew each other from university and worked together at previous jobs.
Initially, the company was developing an on-premises search engine, which was
later transformed into a standard on-premises document database. The company
gradually developed its proprietary, closed-source NoSQL database software and
sold it in the local Latvian market using traditional enterprise licensing model only.

The company has not ever officially disclosed the total amount of raised venture
capital. However, the public records and media releases provide information on the
total amount of the raised capital of at least 5 million EUR since early 2008 until
filing for insolvency in 2017. At least 2 million EUR were raised in 2015, including
a bridge round from the existing investors [1, 2].

In March 2015, the company launched its database-as-a-service (DBaaS) offer-
ing, named Clusterpoint Cloud, and made it available over its corporate website—
www.clusterpoint.com. The company management ambition was to enter initially
in the US market due to NoSQL database popularity in this market and attract
the first Fortune 500 enterprise level customer within the first year of company
operations in the USA. Among biggest competitors in NoSQL category, there were
NoSQL software vendors like MongoDB, Couchbase, IBM Cloudant, Amazon
DynamoDB, and others [3].

Clusterpoint DBaaS service was hosted at Telia company data center in Riga,
Latvia, and it was offered to end customers using subscription model where
customers were charged using pay-as-you-go model only for the actually consumed
amount of computational resources: CPU core time, Storage Space, RAM, and
Outbound traffic, which was similar to Amazon WS and other Cloud-based database
solution provider business models, who provided platform-as-a-service or hosted
database services [4].

Key company facts
Founded in 2006 in Latvia

NoSQL database vendor

In 2015, launched database-as-a-service (DBaaS) offering 

Clusterpoint Cloud

In total, raised over 5 million EUR of venture capital investment 

from 2008 to 2017

Filed for insolvency in November 2017

http://www.clusterpoint.com
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1.2 Company Growth and the Consequent Challenges

In December 2014, Clusterpoint company shareholders hired a new CEO who
brought his technical experience in work within distributed computing environment
and NoSQL type of database solutions, as well as managerial experience from
being a head of engineering team responsible for Google Web Search product
development.

By the end of 2014 Clusterpoint had only ten employees, and the team was grown
to 24 people by the end of 2015 [5]. By this time the company had managed to hire
both experienced managers and technical engineers with outstanding professional
experience from global corporations (e.g., Google, Intel, Oracle, PwC) and aca-
demic background from the global top universities (e.g., MIT, Yale), thus creating
a team with a solid and promising background.

After spending nearly one million EUR of promotional budget in 2015 for
Clusterpoint Cloud DBaaS marketing and generating its product awareness mainly
in the US market using offline and online channels, the company did not succeed
in bringing in any new business from abroad and converting approximately its free
users into paying customers during 2015.

In the early 2016, Clusterpoint shareholders communicated to the company
CEO that there will be no additional venture investment provided for marketing
purposes in 2016 to continue the promotional and marketing activities for entering
foreign markets and supporting DBaaS promotion. This was in contradiction to what
was promised by shareholders to the CEO upon hiring him late 2014 when they
promised to provide sufficient financing for marketing and promotional activities
for at least 2–3 years long period. After receiving an update on such shareholder
decision and feeling of the betrayal, the CEO decided by himself to step down in
early 2016.

Soon after, a part of the remaining management team was laid off within
several months. A new CEO was hired—an enterprise-level executive with previous
experience in traditional telecommunications business from Australia, residing in
London, UK, who hired a new team of foreign executives to support his activities
for Clusterpoint Cloud commercialization and bringing in the first paying customers
for Clusterpoint Cloud from abroad.

Unfortunately, the newly elected CEO and his team also did not succeed to bring
in any new business from abroad, and the company suffered 1.24 million EUR
losses at 0.43 million EUR turnover in 2016, which followed the 1.7 million EUR
losses experienced in 2015 at 0.415 million EUR turnover from local operations and
the enterprise sales in Latvia [5].

As a result, the newly elected CEO and his executive team stepped down by the
end of 2016.

During 2017, Clusterpoint shareholders and management struggled to raise addi-
tional financing round but did not succeed and were forced to submit for insolvency
in November 2017 [5]. The shareholder structure was not fully transparent as
Latvian company has been fully 100% owned by UK-based Clusterpoint Group
Limited, which also filed for insolvency in November 2017 [6]. Company House
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records reflect at least ten different private and legal persons, including original co-
founders, as being Clusterpoint Group Limited shareholders throughout different
periods of time [7].

2 Research Approach

2.1 Postmortem Analysis

The postmortem analysis (PMA) is an empirical study method in software engineer-
ing, commonly used for collecting historical data from completed projects where the
outcome is analyzed in the retrospect. The aim of any PMA is to provide answers to
the following four key questions in order to understand the possible improvements
for the next development round [8]:

1. What did we do well that does not have to be further discussed (the positive
aspects)?

2. What did we learn (the negative aspects)?
3. What should we do differently the next time (the negative aspects that require

improvements)?
4. What still puzzles us (share the things that are confusing or do not make sense)?

In the context of this research paper, postmortem analysis approach and its
key questions are used to describe the reasons behind the failure to achieve
product/market fit by software vendor Clusterpoint in 2015 and subsequent years
until filing for insolvency by the end of 2017. The second and third questions
are combined to reflect those issues that likely caused the failure to achieve
product/market fit in foreign markets for Clusterpoint Cloud DBaaS solution and
should have been implemented differently.

The postmortem analysis was conducted by following the traditional four-step
model (see Fig. 1) for small and medium enterprises (where the number of team
members directly involved in the software development project ranged from 2 to
50) that includes [8]:

1. A project review to identify the most suitable methods for next steps
2. Objective and subjective data collection
3. Analysis of findings prioritized and synthesized as lessons learned
4. Publishing of the summary of the findings.

1. Project 
review

2. Data 
collection

3. Analysis of 
the findings

4. Publishing 
of the results 

and 
experience

Fig. 1 Steps of the postmortem analysis for small- and medium-size companies (Source: Devel-
oped by authors, based on Myllyaho et al. [8])
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After initial review of the available information, the authors decided that data
collection methods should include in-depth interviews with former Clusterpoint
executive-level employees and also an observational method since one of the
authors of this chapter was an employee at Clusterpoint company from February
2015 till March 2016.

The main threat considered to the use of the described methods within the
particular case study was related to the analysis of the findings and the subjective
interpretation by the former employees having no direct intel and insights from the
shareholder and board meetings where the strategic issues were discussed.

Such concern was addressed by interviewing a former company board represen-
tative who has been also a shareholder at the same time and was present in the board
meetings, thus, being able to comment on these aspects.

2.2 What Is a Product/Market Fit?

When talking about product–market fit, it is important to establish a common under-
standing of this concept. According to Rachleff and Andreesen, product/market fit
means being in a good market with a product that can satisfy that market. “You can
always feel when product/market fit isn’t happening. The customers aren’t quite
getting value out of the product, word of mouth isn’t spreading, usage isn’t growing
that fast, press reviews are kind of “blah”, the sales cycle takes too long, and lots of
deals never close” [9].

According to Ellis [10], in terms of measuring if a company or startup has
achieved product/market fit, it is suggested to ask its early customers the most
important question for determining how well its product is resonating with users:
“How would you feel if you could no longer use [product]?” given that possible
answers are: Very disappointed, Somewhat disappointed, Not disappointed (it is not
really that useful), N/A—I no longer use [product]). If most of your respondents
are saying that they would only be “somewhat disappointed” without your product,
they are really telling you that it is only a “nice to have.” If the company finds that
over 40% of users are saying that they would be “very disappointed” without the
respective product, there is a great chance one can build a successful business on
this “must have” product and product–market fit is likely achieved [10].

Therefore, it can also be concluded that a product/market fit is a mandatory
prerequisite for successful scaling of any business model. Otherwise, there is a little
or no chance for achievement of sustainable or any growth in the long term, and its
“nice to have” category solution without much of a competitive advantage.
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2.3 Premature Scaling of a Startup

According to Blank, one of the most common ways due to which startups die is
“premature scaling”—a business is scaling prematurely if it is spending significant
amounts of money on growth before it has discovered and developed product/market
fit [11]. Blank describes why premature scaling can happen: “Ironically, one of the
greatest risks is high pressure expectations to make these first pass forecasts that
subvert an honest Customer Development process. The temptation is to transform
the vision of a large market into a solid corporate revenue forecast before Customer
Development even begins” [11–13].

Therefore, possibility of premature scaling should be examined also in case
of Clusterpoint development, taking into account the symptoms that describe
premature scaling—the fact that 93% of startups that scale prematurely never break
the $100,000 revenue per month threshold, and the team size of startups that scale
prematurely is three times bigger than the consistent startups at the same stage [11].
According to publicly available financial data [5], Clusterpoint did not and was not
even close to breaking this threshold within a time period from January 2015 till
November 2017.

3 The Results of the Postmortem Analysis and the Questions
Still to Be Answered

The journey of Clusterpoint from early 2015 till the end of 2017 can be compared
to the path of a rollercoaster—from promising highs to upsetting lows that ended
with an unfortunate crash. The following sections highlight the positive and the
negative aspects of the rapid growth, indicating the things that were executed
well and contributed to the growth positively in terms of technology development
and marketing efforts for the initially selected marketing strategy, and the main
negative aspects that faced company before facing the inevitable crush related to
unwillingness to implement the necessary pivot and change the business model to
align with the market expectations.

3.1 The Positive Aspects: Things that Were Done Well

Rapid Technology Development and Launch of Clusterpoint 4.0 in 2015
According to both, a previous CEO of Clusterpoint (acting in 2015) and a long-
time CTO of Clusterpoint, the technical team managed to achieve a considerable
technological advancement in terms of Clusterpoint software development, which
resulted in the launch of Clusterpoint 4.0 version in October 2015 and the
consequent, considerable improvement of the database technology algorithm, within
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the remaining year. This was fostered by the growth of Clusterpoint team from 10
to 24 people until the end of 2015, mainly related to the expansion of the technical
team (software developers and system architects). The management team, including
CEO, consisted of 8 people, while technical team, including CTO, comprised
remaining 16 people. Company records show [5] that by the end of 2016 there were
28 employees at Clusterpoint company; however, no info is available if this number
includes also those who left the company in early 2016 after CEO stepped down.
Unfortunately, there is no data available for comparison with similar companies
(e.g., MongoDB in its early days) to determine if the headcount of this size at the
turnover threshold below US$100,000 per month would have served as an early
indicator of premature scaling, according to Blank [11].

Active Promotional Activities and Market Feedback Active offline and online
promotional activities of Clusterpoint Cloud in the USA and local Latvian markets
served as environment for testing both technology offering (product features)
and marketing activities, which essentially meant the testing for the existence
of product/market fit. This was implemented by enabling a feedback loop with
software developer communities and at the same time facilitating Clusterpoint
Cloud trials. Participation at the trade shows along with major NoSQL software
vendors like MongoDB, Amazon WS, and IBM Bluemix helped to understand
the marketing tactics and sales strategy used by the competitors. Clusterpoint
served as one of global supporters (along with Amazon WS, HP, and IBM)
for AngelHack hackathon series that were held in more than 70 different cities
worldwide (including, USA, Europe, and India) from April 2015 till October 2015
[14]. Clusterpoint also supported several hackathon events and developer focused
meetups in other cities and countries (e.g., Database Month in New York, USA;
HackingEDU in San Mateo, San Francisco, USA; Garage48 Big Data hackathon
in Riga, Latvia; and others). During these events it became clear that NoSQL
database marketing is strongly related to relationships with developer communities,
and a vendor-like Clusterpoint needs to maintain short proximity to the end user
of database technology starting from the software trial until providing extensive
documentation resources, online training tools, customer support preferably in the
language of end users, and reconfirming credibility of company stability in the long
run. The promotional activities helped to generate several thousands of free tier
Clusterpoint Cloud user accounts during 2015 and initiate product trials, but none
of them was converted to paying customer afterwards, which was a clear sign of a
missing product/market fit.

Recognition by Gartner The research and advisory company Gartner included
Clusterpoint as a Cool Vendor in platform-as-a-service (PaaS) category in its 2016
report, outlining the vendors that offer new platform opportunities for business and
IT, in response to increasing demand for intelligent business operations with cloud
levels of scale, agility, and responsiveness [15]. It was followed by Clusterpoint’s
inclusion in the Market Guide for Database Platform as a Service (dbPaaS) in the
same year, where Gartner analysts indicated that the database-platform-as-a-service
market continues gaining momentum, driven by maturing products, reports of major
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resource savings, increased product choice, and a general acceptance of the cloud,
suggesting that CIOs and data and analytics leaders should use dbPaaS to address
core business requirements [16]. However, it should be noted that Clusterpoint
became a paid user for Gartner services and a subscriber for Gartner resources in
2015. This was a tactical step after a senior-level Gartner analyst made some ironic
public remarks on his personal Twitter account regarding Clusterpoint’s attempt
to reach out to him directly for briefing on Clusterpoint technology and NoSQL
databases in general. Surely, the recognition by Gartner could not compensate for
the lack of product/market fit, but it would serve as a signal to community about
seriousness of Clusterpoint’s intentions to become a long-term player in the global
NoSQL database market.

3.2 The Negative Aspects: Things That Should Be Done
Differently

Ignorance of Market Feedback or/and Fear of Pivoting Clusterpoint employees
collected customer feedback during trade shows, meetups, hackathons, and tech
conferences where Clusterpoint did product demos and interacted with software
developers from junior-level developers working for startups to senior IT executives
from Fortune 500 companies responsible for developing IT infrastructure at their
multi-billion companies. This feedback was communicated regularly over e-mail
memos to company board of management. They in turn channeled it further to
company shareholders. Already around mid-2015 the customer feedback indicated
that Clusterpoint Cloud offering is not appealing to software developers due to
the following main reasons: it was based on a closed source code algorithm
while majority of competitors, including the leading NoSQL vendor MongoDB,
focused on provision of open source code of their on-premises software and aimed
to monetize software using general support services (billed by hour) or specific
licensing deals for selected enterprise-level customers. Second, the customers were
already used to working within the global Cloud infrastructures and platforms-
as-a-service provided by Amazon, Microsoft, Google, and IBM. Customers were
not interested in locking themselves into a small cloud infrastructure provided by
unknown company from Latvia in the Eastern European region, neighboring with
Russia. For instance, German customers noted that it is against the law in Germany
to keep sensitive data outside their country. Therefore, market and customers
demanded open-source database software being hosted and made available as
another developer tool within large Cloud ecosystems like within Amazon WS,
which was and is used by numerous Fortune 500 level companies and provides
possibility of storing data in any of their numerous data centers worldwide.
However, Clusterpoint shareholders were clearly against such pivot (a change in
strategy without losing the initial vision [17]) and switching from closed source
to open-source software because of apparent willingness to maintain revenue from



The Rise and Fall of a Database-as-a-Service Latvian Unicorn 307

local Latvian market. Next, any attempts to establish relationships and find ways
of including Clusterpoint as a developer tool in either of global Cloud platforms
were unsuccessful. Any initiative to reach out for Amazon, Microsoft, or IBM
representatives during 2015 ended without any response from the global giants.
Also, at that time the platforms did not have such elaborate solutions for automated
listing of new developer tools and microservices in their marketplaces like they
do now for resell to their ecosystem users (e.g., Microsoft Azure Marketplace).
The company shareholders decided to continue promoting Clusterpoint Cloud
DBaaS service in its initial form, but it did not bring any business results and the
only revenue was still coming from enterprise licensing deals of the original on-
premises version of Clusterpoint software in the local Latvian market. In June 2016,
approximately a half year later, Clusterpoint competitors MongoDB came up with
their database-as-a-service offering called Atlas [18], initially available for Amazon
WS users, which they have successfully grown over the consecutive one-and-half-
a-year into a profitable product category contributing more than 11% of its fourth
quarter revenue of US$45 million in 2017 [19].

3.3 Questions for Further Consideration

More Time, More Money During interactions with end customers and software
developers, it became clear that the vendor support to developer community plays
an important role for software developers in decision-making regarding choice
of particular developer tool. Also, the involvement of developer community in
development and improvement of the open-source software, whose development
is basically driven by community activity and engagement. However, it was also
clear that Clusterpoint competitors MongoDB did have a considerable advantage
in the form of established developer community who prefer working with a
supportive vendor and can interact among themselves through online forums and
other platforms targeted to open-source software users (e.g., Github). Therefore, it
is possible only to guess if Clusterpoint would have succeeded had it more cash and
more time for doing another pivot by switching from closed source to open-source
format and trying to build its own community to compete with MongoDB, which
had pretty similar technical feature list at that moment.

A Startup or an Enterprise? Even though Clusterpoint as a legal company was
established in 2006, its co-founders made another large leap of faith with the launch
of Clusterpoint Cloud DBaaS offering in 2015, almost 9 years later. On the one
hand, the company was already making steady cash flow from its software licensing
in the local Latvian market using a tested business model and thus it could be
regarded as a traditional enterprise with its management structure. On the other
hand, along with Clusterpoint Cloud and subscription-based billing launch the
company actually switched to the startup mode, which, according to Blank [20], is
a characteristic of an organization formed to search for a repeatable and scalable
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business model. It is possible that the company management and shareholders
attributed former success with on-premises commercialization in the local market to
the expectations regarding Clusterpoint Cloud success, but without careful testing
of the product/market fit before pouring a substantial amount of venture money into
promotion of the DBaaS service. Also, the decision of company shareholders to
hire the new CEO in May 2016 with a corporate, not startup background, raises a
question about considerations of shareholders and if they did realize that they are
betting on “overnight success” in a tough software market with just marginally better
product, instead of utilizing Lean Startup approach to make the necessary pivots and
arrive to a globally sustainable product/market fit [21].

4 Conclusions

4.1 Implications for Researchers

This case study confirmed the thesis by Rachleff and Andreesen, who stated that
the only thing that matters for a startup (which Clusterpoint essentially was at
the moment of Clusterpoint Cloud launch in 2015 and during subsequent years)
is getting to product/market fit—being in a good market with a product that can
satisfy that market [9].

The outcome of Clusterpoint activities showed that the product/market fit was not
taking place—the customers were not getting value out of the Clusterpoint Cloud
product as only free tier accounts were used; word of mouth was not spreading as
only paid PR created some buzz; usage was not growing organically as only Google
ads generated free tier sign-ups; company got its product press reviews mainly with
the help of its external PR partners; there were no deals closing apart from the
ongoing deals for the standard software version being licensed using the traditional
licensing model for enterprise customers in Latvia.

Consequently, a prompt change of company direction (a pivot) was necessary
instead of trying to push ahead with initially selected strategy and business model.
This is also aligned with findings that software startups frequently find that their
initial product ideas do not pan out commercially and they must be prepared to
change direction in one or more ways implying implementation of a new pivot
during early stage of a new product launch to the market [22, 23].

It was concluded that an existing product/market fit in one market (e.g., local
Latvian market) for Clusterpoint software was not sufficient grounds to assume
existence of product/market fit for slightly different product (Cloud-based DBaaS,
not a traditional enterprise software) in another market (e.g., USA) [12].

Clusterpoint company collapse is partially explained by and confirms Blank’s
theory of “premature scaling.” Blank suggested that a business is “scaling pre-
maturely” if it is spending significant amounts of money on growth before it
has discovered and developed product/market fit [11, 12]. Clusterpoint case study
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confirmed that one of important reasons for premature scaling was related to the
temptation to transform the vision of a large market into a solid corporate revenue
forecast and spending huge promotional budget for facilitating customer base
growth before an actual Customer Development took place. Therefore, the decision
of Clusterpoint management team to jump into entering of new markets with a
new Clusterpoint Cloud product—using a large promotional budget to generate
awareness of the Clusterpoint Cloud DBaaS offering before actually validating the
existence of product/market fit in the new market—can be regarded as a premature
scaling and a partial explanation for failure.

4.2 Implications for Entrepreneurs

This case study showed that it is of utmost importance to actively seek for the market
feedback and implement brave pivots, if necessary, until achieving product/market
fit.

In case of database software commercialization, the case study showed that it was
important to consider brave pivots related to switching from closed to open-source
format and thus fully change the underlying business model.

It was also concluded that it is important to focus on strategic partnerships
with major global Cloud infrastructure providers (Amazon WS, Microsoft Azure,
IBM Cloud, and Google Cloud) instead of trying to build own, proprietary Cloud
infrastructure, which does not integrate with any of the leading Cloud ecosystems
and thus cannot provide any competitive advantages over those database products
that focus on their integration with the leading Cloud platforms (e.g., MongoDB)
in long term.

The offline marketing activities related to engagement with software developer
communities during series of hackathons supported by Clusterpoint were excellent
sources for collecting end user feedback regarding the actual user experience on
software developer level.

Participation at the trade shows and tech conferences in the USA and various
European countries provided an excellent interaction with senior-level IT executives
and decision-makers from Fortune 500 companies to understand their mindset and
approach for database selection for their company needs from business and technical
perspectives.

This was an effective, but comparatively expensive way of collecting valuable
customer feedback and getting to realize existing gaps in product/market fit from
the user and decision-maker (not always the same person) levels.

Finally, it was concluded that one year is too short period for entering an
unknown market and establishing relationships with end customers on Fortune
500 company level for a young startup without prior experience and lack of
“warm intros” in foreign markets like the USA. After an intensive year of doing
offline and online promotional activities in US market, the Clusterpoint company
representatives started to be recognized by USA. IT community members during
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trade shows and tech events by the end of the first year in the region where it
focused its activities (New York and Boston areas). However, it was too early for
Clusterpoint to consider US companies as ready for negotiating any business deal
whatsoever. Therefore, entrepreneurs should be ready and prepared to spend much
longer time doing market research, searching product/market fit, and doing customer
development before starting to scale the business model of its startup, while keeping
in mind the famous quote by IT industry executives that “Nobody ever got fired for
buying IBM” [24].

To conclude, the authors agree with Blank that the inability to achieve prod-
uct/market fit and get sales numbers growing is not simply a responsibility and a
problem of a particular position (e.g., sales or marketing). Rather, it is the challenge
for the entire company [25]. Sales and marketing should be scaled only after the
founders and a small team have found an MVP with a repeatable sales model AND
a product/market fit [26].

4.3 Applicability of Conclusions on Local and Global Levels

The lessons learned from this case study are applicable globally and not only for
database market, but also generally for any software startup aiming to enter the
global software market. The blindness of the startup investors and willingness
to believe their own reasoning instead of carefully listening to the market and
its potential customers leads to an inevitable loss by the company to the market
dynamics in any market and product category. Moreover, taking into account that
technology startups are at the forefront of applying new technologies in practice,
similar findings have been identified by both practitioners and academics [27].

The specifics of the database market and Cloud-based solutions (i.e., any
software provided as-a-service) assume that it is much easier to get attention of
the future customers if your product is aligned or even better, already integrated,
within the platforms by the global Cloud infrastructure vendor like Amazon WS
and Microsoft WS, which have launched their own and the third-party app and
also software developer tool marketplaces for expanding their Cloud ecosystems.
Therefore, the lessons to be learned from this Clusterpoint case study are applicable
also to any database vendor aiming to launch its Cloud-based database offering for
the international customers globally.

Finally, as it was already stated earlier in this section, it is essential to make
sure that the product/market fit is actually achieved for the global market and not
mistaken what product/market fit in a local market only. Clusterpoint success and
business results in the local Latvian market were mistakenly attributed not only to
future success in other markets (primarily, the USA, Europe, and India), but also to
another (new) and slightly different product offering (on-premises vs. Cloud-based),
which eventually led to the entire company business collapse.
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Key takeaways
Timely pivoting and changing of business model is essential for 

the survival of any startup searching for product/market fits and 

furthermore a scalable business model.

It is important for database technology vendors to enable 

integrations with the global cloud ecosystems as soon as possible.

There are initiatives contributing to long-term brand awareness but 

not necessarily generating short-term sales. Do not expect to sell to 

enterprise companies fast if you are only just an ambitious startup.

Do not blame marketing for the faulty product strategy and the 

indecisiveness of the shareholders to approve a new pivot.

Do not hire sales before you have validated an MVP and achieved 

product/market for it.
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Triggers of Business Success of IT
Startup Owners in Russia

Evgeny Tsaplin and Olga Kosova

Abstract Startups in Russia have a very low survival rate. The main sources of
failure are financial and managerial mistakes, as well as the influence of external
factors. The purpose of this study was to find out what are the triggers of business
success for startups that have passed acceleration programs and survived for 3 years
since their launch. We present the results of the case study, which were realized
through a qualitative methodology framework. The target population of the study
was three owners of startups that participated in acceleration programs and whose
startups continued to generate income. The startups researched were located in three
cities of Russia: Moscow, St. Petersburg, and Tomsk. We relied on Raheem and
Akhuemonkhan’s theory of enterprise development as the conceptual framework of
our study. Data collection included semi-structured interviews, review and analysis
of company documents, reflective journal entries, and direct observation of the
business processes in the startups. We analyzed the data using Yin’s five-step
data analysis process. Data analysis revealed four important themes: the evolution
of the entrepreneur, sales strategy, the impact of the acceleration program, and
recommendations for accelerators and incubators. Interpretation of the research
results can contribute to the survivability of startups in Russia, as well as the
development of new successful experiences among entrepreneurs. For those people
who are intending to start a business, this research outlines the skills that are
necessary to launch a startup.
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1 Introduction

The survival rate of startups in Russia is very low; about 70% of them do not survive
even 3 years [1]. The low survivability of startups negatively affects the attitude
of society toward entrepreneurship, while the social perception of business failure
threatens the social identity of the entrepreneur and their chances for successful
employment or return to business in the future [2, 3]. Business accelerators and
business incubators could assist young entrepreneurs in reaching the level of
sustainable development. But in Russia, as of 2018, there was no data on the
effectiveness of accelerators. Business incubators and business accelerators in other
countries have proven to be effective tools for the development of the innovative
ecosystem. However, business incubation and acceleration performance varies in
different countries [4].

From results of literature reviews, we assumed that business accelerators can
have a positive impact on the survival of startups in Russia. One of the main
problems faced by startups in Russia is poor market entry strategies. Owners of
startups often lack organizational skills to make their business processes reliable.
Our research is aimed at technology startups that passed acceleration programs of
the Internet Initiatives Development Fund and stayed on the market for more than
3 years. We used the qualitative multiple case study because it is most suitable for
this study. In the course of the study, we wanted to find out what were the triggers of
the business success of studied startups that have passed acceleration programs and
survived in business beyond 3 years. Furthermore, we wanted to get the answers to
the following research questions:

• Which market entry strategies did startups use?
• Which of the owners’ personal skills have proven important success factors in

the business?
• What sale strategies were efficient?
• How much did accelerators impact on startups’ survival?

The basis of our study was semi-structured interviews with entrepreneurs, but
we also participated in the review and analysis of company documents, reflective
journal entries, and direct observation of the business processes in the startups.

Observations from Russian cases
Startups usually face challenges even before product launching. Early 

strategic planning is one of the key factors for the successes in later 

stages. The startup owners need to choose a marketing strategy, hire a

team, consider a regional context, and decide whether an acceleration 

program will be useful to the businesses.
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2 Findings from the Related Works

We divided the literature review into three groups to investigate the research
problem. We analyzed articles about (a) market entry strategies, (b) factors of
business success and failure, and (c) the role of business accelerators in startups’
successful market entries.

A market entry strategy is set up before the actual product launch. It guides
managers’ decisions to promote a product, choose an organizational structure, and
get the market niche. Having the entry strategy is extremely important to a startup’s
survival—an effective one increases the chance of business success [5]. It ensures
that new ventures find the proper way to reach their goals. The young entrepreneur
should decide what, where, when, why, and how to launch their product. An
entry strategy gives a limited number of strategic and tactical alternatives in future
business operations, so it is important to make the right choice before it begins [6].

From the review of previous studies, we selected three of the most established
theories which may guide startups owners to formulate their market entry strate-
gies:

(a) A traditional theory of industrial organization
(b) A resource-based view
(c) A network theory

The first element is presented by Porter’s “five forces” theory; he focuses on the
market structure in which firms compete and argues that if a firm is looking for a
market entry strategy, it has to first analyze the industry. Porter provides five tools
for pre-entry market analysis which are the following: the threat of new entrants,
intensity of rivalry among existing competitors, threat of substitute products, bar-
gaining power of buyers, and bargaining power of suppliers. Accordingly, the startup
owner should create a protection strategy against these five competitive forces.
This involves identifying the strengths and weaknesses of the startup and building
defenses of its weakness positions [7]. The second theory is vastly different from
Porter’s conception. The resource-based view sees a company as a conglomeration
of valuable, scarce, and firm-specific resources. The approach focuses on the
importance of internal resources to predict the firm’s successful market entry [8].
It should be noted that “resources” are not only physical but intangible assets like
intellectual property, human capital, technology, and brand [9]. So, according to
the resource-based view, deciding on market entry strategy should include the next
three steps: identifying unique resources of the firm, finding markets where those
resources can earn the highest profit, and deciding on the most effective way to
sell a product [6]. The third network theory attempts to combine the two previous
approaches. The theory describes how a company’s external relationships define,
refill, and redistribute a firm’s resources, shape its strategies, and, through this,
impact its productivity. According to this network theory, business relationships are
usually viewed as being comprised of three layers: activity links, resource ties, and
actor bonds. Welch et al. suggest “ideas” as one more layer for the understanding
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of network development [10]. The key analysis element here is interaction. So,
the firm’s network is not static, but dynamic through connection, collaboration,
conflicts, and separation. Later, researchers conclude that combining analytical
elements of all three theories is becoming the most relevant tool for evaluating
startups’ market entry strategies. Specifically, through the complex valuation of the
firm resources, external connections, and market opportunities, experts and venture
capitalists predict the future economic performance of the startup [11].

We did not limit the literature review to articles only about market entry
strategies. We also examined studies about startups’ survival and shutting down in
the post-entry period, as our empirical study involves the analysis of factors for
success after at least 3 years of business operation. Managers and shareholders
of businesses vary the definition of “success” [12]. In our study, “sustainability”
is the appropriate word to describe the success of a technology startup owner in
operating beyond 3 years. Factors of success and failure in business development
are two sides of the same coin. We suppose that knowledge of possible business
troubles may help startup owners predict failure risks and avoid them. There are
some particular methods to precipitate the growth or decline of a firm. Scherger
et al. [13] showed that the following financial indicators are the most significant:
the remuneration of shareholders, the frequency of contributions, budget control,
financial planning, and the search for funding. The evaluation of business processes
included the incidence of the use of objects, macroeconomic changes, shifts in the
regional economy, productivity, and excess capacity. Several causes had even less
impact on possible failures, such as the market reach, advertising and promotion,
lack of planning, and external advice [14].

Rauch and Rijsdijk [14], as well as Amankwah-Amoah [15], rely on the theory
of human capital. Particularly, they found that the more developed the general and
special human capital, the lower the likelihood of failure. Holt [16] examined the
impact of organizational innovation in the prevention of failure and found that
disruptive, incremental, and system innovations can prevent negative influences and,
in turn, prevent a failure.

Regardless, the fact that business failure is not always a bad thing, but a point
to learn from, has already become common knowledge. For an entrepreneur to
maintain a healthy state of mind after a business failure, many factors are significant.
Mandl et al. [3] found that stigmatization from society negatively affected the
social activity of the entrepreneur. The higher it was, the more motivated the
entrepreneur was to create a new company [17]. This might explain the fact that
many entrepreneurs start new businesses even before the actual bankruptcy of their
previous venture [12].

Our review of earlier scientific articles on the topic of incubation showed that
both business accelerators and business incubators help startups in the initial stages
of their development. The main difference is the duration of the programs [18].
Raheem and Akhuemonkhan [14] conducted a thorough research that describes
activities of business incubators, acceleration process, and their ecosystems. More-
over, Raheem and Akhuemonkhan [14] considered the key features of business
incubators, such as their purpose, types, differences, success factors, and, most
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importantly, their impact on the acceleration of startups concerning their successful
development.

Business incubators implement the following functions: support of economic
diversification, marketing of new technologies, entrepreneurship development, job
creation, and the development of living standards and providing acceleration
programs [19]. Jamil et al. [20] argued that business incubators have a huge impact
on the development of the country, as they create jobs, open schools, educate leaders,
accelerate startups, and stimulate the economy in general. The efficiency of the
accelerator is influenced by the regional context as well. Fehder [21] concluded the
higher the networking capabilities and investment activity in the region, the stronger
the benefit for startups that participate in acceleration programs in the region.

Another group of researchers, Roseira et al. [22], researched business incubators
considering benefits for the entrepreneurs themselves, expectations of entrepreneurs
during the choice of incubators, and the level of satisfaction with the outcomes of
incubation processes. Startups are attracted to the developed infrastructure of an
incubator, such as office equipment and buildings, communications, and business-
related and networking services [23]. Each company has its own needs, often
unique, which correspond to the stage of its development and the specifics of the
product. Incubators that seek to focus on the needs of their residents receive a higher
rating [24]. On the other hand, accelerators limit their effectiveness in cases where
their startups need mass customization of the product [25]. Moreover, accelerators
aim for the quick development of high-growth firms. This quickness is caused by
the short-term orientation of accelerators [26]. Accelerators can be less effective for
firms in other investment stages [26].

Lai and Lin [27] described how various system indicators of the business
incubation process—such as intellectual property, capital, networking, facilities,
and equipment—influence the growth of startups. The researchers proposed mea-
surement tools for these system indicators and compared their results with real-life
indicators.

We should also emphasize the regional context of the study. The history of
business incubation in Russia is over three centuries long. Latov and Latova
[28] compared the project with the innovation clusters that existed in Russia in
the eighteenth-century mining industry and the twentieth century in the form of
“naukograd,” meaning science cities, after World War II. Nowadays, the Internet
Initiatives Development Fund is one of the best performing investment funds
and incubation platforms in Russia [29]. The primary objective of the Internet
Initiatives Development Fund is to support small and medium-sized enterprises
[30]. The fund’s activities aimed at supporting startups include three stages: a pre-
accelerator, a distance acceleration course, and face-to-face classes. The participants
are expected to learn how to draw an investor’s attention to their projects [30]. The
fund also provides support to the entrepreneurs after they complete the acceleration
process. The Internet Initiatives Development Fund is part of a startup ecosystem
which, coupled with the development of the Internet, has contributed to the growth
of innovation economics in Russia [30]. However, as of 2018, there was no research
data about the performance of business accelerators in Russia.
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As startups continue to fail at high rates in Russia, research on their market
entry strategies and success triggers makes sense. The purpose of the study is to
understand what skills owners of newly formed enterprises need to succeed in
business and how the business acceleration process contributes to it. Also, the results
of our study seem interesting from the perspective of demonstrating the regional
context, since the indicators of business incubation differ from country to country
[4].

3 Research Method and Design

3.1 Choice of Research Methods

Bryman and Bell [31] stated that research methods, including research design,
are fundamental elements that guide the researcher through the whole process. A
researcher’s decision-making at the initial stage, where they have to choose between
qualitative, quantitative, or mixed-methods, will affect the results [31]. For this
study, we have chosen the qualitative research method to gain a better understanding
of startup market entry strategies. It was not possible to conduct the research using
quantitative or mixed methods, as the researcher has limited access to statistical
information on nonpublic enterprises [32]. We cannot expect to get a complete
picture of market entry strategies, as this requires consideration of larger samples
[33, 34]. Nevertheless, we consider that it is useful and important to study cases of
specific enterprises as the observations for the practical needs of startup owners and
future entrepreneurs.

According to Palinkas et al. [34], a qualitative study can include the following
design methods: (Ã) case study, (b) ethnography, (c) grounded theory, and (d)
phenomenology. While all research designs differ from each other, it is up to the
researcher to decide which one aligns well with the objectives of the study [34]. We
have chosen a case study method as it focuses on a particular situation or a system
[34, 35]. To achieve our main research objective, we collected data combining semi-
structured interviews, review and analysis of company documents, reflective journal
entries, and direct observation of the business processes in the startups. The use of
methodological triangulation allowed us to verify data from other distinct points to
enhance the trustworthiness of the study results and reduce potential researcher’s
bias [36]. The qualitative study design consists of a multiple case study to discover
the triggers of successful market entry of accelerated technology startups that are in
business beyond 3 years.

The target population was startup owners who completed an acceleration pro-
gram from the Internet Initiatives Development Fund. The startup manager had
to be an owner or a shareholder of a company that had successfully graduated
from an Internet Initiatives Development Fund acceleration program. There was
no income limit for the company, but it had to be in operation and generating
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revenue. According to the website of the Internet Initiatives Development Fund
(IIDF), at the time of research design, there were ten rounds of the acceleration
program with a total of 271 participants [37]. We drew our sample of companies
that had successfully been operating for over 3 years from this pool of accelerator
participants utilizing continuous selection methodology.

3.2 Case Selection

The sample size included three startups from three different Russian cities: Moscow,
St. Petersburg, and Tomsk. The sample of our study is not large, but continuous,
i.e., we studied all startups which met the selection criteria. Since each case was
considered comprehensively, we decided on using more research tools instead of
increasing the number of cases. Moreover, our original strategy was to take a more
detailed look at each case rather than increasing the number of interviews. That is
why, besides interviews, we conducted observation and the examination of company
documents and kept the reflective journal. Combining research methods provided us
with an opportunity to collect a full database about all selected startups.

The companies we studied operate in the B2B sector. Startups offer their
customers innovative products, i.e., services to automate and optimize their business
processes to increase sales. Particularly, Startup 1 works on loyalty cards for
distributing facilities, Startup 2 offers services to optimize websites for smartphones
and add widgets, and Startup 3 manages an online trading platform.

3.3 Data Collection and Analysis

The data collection phase was completed in January–February 2018. Analyses of
documents allowed us to prepare for the field research phase: to complete the
interview guide and a list of observations. The study of scientific literature helped
us to focus on the research framework and choose categories of future analyses. The
study of IIDF and participating companies’ websites, open data on the activities of
startups (archival information, statistical, and tax reports), changes in the employee
numbers and managers, and the dynamics of basic economic indicators gave us
information about the companies’ type and structure and allowed us to collect data
on the products that companies offer and to analyze their self-representation in
the public sphere. Interviews were recorded, transcribed, and coded. Observation
forms were structured by subject. Reflective journal entries allowed us to have a
critical approach to data analysis and information structure through a mental map.
Moreover, we used Yin’s [35] five-step data analysis which involved (a) evaluating,
(b) categorizing, (c) organizing, (d) analyzing, and (e) rearranging data to collect
observation-based assumptions.
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A potential limitation of our study can appear in an inability to transfer the
research findings to technology startups in other countries. Additionally, the circum-
stances for technology startups accelerated by the Internet Initiatives Development
Fund may differ from other technology parks, accelerators, and business incubators
depending upon the industry in which they specialize. Moreover, work experience
of the authors in the field of technology entrepreneurship may have caused bias,
allowing them to observe the details that less experienced researchers may miss.

Mixed research methods collect data from
review and analysis of company documents,

semi-structured interviews,

direct observation of the business processes,

reflective journal entries.

Delimitations are constraints that are arranged by the researcher to narrow the
scope of a study [31]. Our population included a small sample of three participants
to represent the acceleration program of the Internet Initiatives Development Fund.
Thus, we did not account for technology startup companies that are less than 3
years old. Our study is specific to the Russian innovation ecosystem because of the
significant number of small technology startups around the world.

4 Case Study Findings

The purpose of this study was to discover the triggers of accelerated startups’
business success and what helped them to survive in the market for 3 years after
the launch. We used a semi-structured interview as well as review and analysis
of company documents, reflective journal entries, and direct observation of the
business processes in the startups. We received lucrative information about the
unique and typical experience of Russian technology startups in the first 3 years on
the market, as seen in Fig. 1. We identified four significant topics participants most
often referred to: (Ã) evolution of the entrepreneur, (b) sales strategy, (c) acceleration
impact, and (d) recommendations for accelerators and incubators.

4.1 Evolution of the Entrepreneur

This section considered (1) the background of the entrepreneurs and (2) the
entrepreneurial skills they perceived to gain during the acceleration process of their
startups. All three participants graduated from college with a degree in physics
or mathematics, with two of them having PhDs in the same field. Moreover, all
participants had work experience before they became entrepreneurs. Participants
started their new ventures in the same business sectors in which they had previously
worked. Such behavior is typical for serial entrepreneurs [38]. In fact, for the
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Fig. 1 Business experience of studied startups

participants, moving toward entrepreneurship meant continuing to develop their
respective careers within the same field. Thus, they can use their knowledge in the
field and proven relationships with technical experts, suppliers, and potential buyers.
This corresponds with the networking theory of market entry strategy.

All of the participants mentioned that the challenging educational curriculum had
provided a platform for the development of qualities that contributed to successful
entrepreneurship, such as analytical and critical thinking, the ability to work
intensively with large datasets, and overcoming difficulties. Still, they stated that
the knowledge their college education had given them was insufficient for starting a
business. They had to develop their managerial skills and ability to work with people
to reach success: “Of course, this is a business advantage to have the people who
can critically assess the situation and test hypotheses. But, it is difficult to retrain. I
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had to change myself so much after this deeply technical education to learn how to
work with people” (Participant 1).

Another important fact was that all of the entrepreneurs exhibited active interests
in their startups and drew inspiration from their work. Startup owners focused
on their projects. Business success means the public acceptance and their self-
evaluation, but it takes a lot of effort to achieve their business goals. Participants
also mentioned diligence and zeal among the key factors that had helped them.
So, Participant 3, speaking about his entrepreneurial experience, remarked: “the
ability to successfully move forward, despite mistakes, is a quality that allows
many companies to survive.” All startup owners are convinced that day-to-day self-
improvement and broadened horizons are necessary for their business success.

Our research revealed that, as a part of the process of expanding their knowledge
of management and in addition to utilizing an accelerator, the startup owners had
begun to implement management tools such as customer development and traction.
Two of them were unconscious of this implementation, as they did not mention
it in the interview. All three startups used customer development concepts [39].
Steve Blank introduced a lean startup customer development methodology, which
is an approach to creating new companies, products, and services [39]. The traction
concept helps assess how well an entrepreneur’s team can implement a project [40].

According to the data analysis, the critical success factor for startups’ survival
at year one is still the personal qualities of the company owner, namely (a)
characteristics, (b) previous experiences, and (c) their abilities to organize their
business better than anyone else on the market. The owner’s personal performance is
the enabler of the initial growth, which allows the startup to launch their products or
services. Participant 2 emotionally mentioned: “A successful, normal businessman,
he is, therefore, a successful, normal businessman, because he doesn’t want to be a
trained little monkey. He decided to build his own life and earn the money.” For
success at the next stages of the startups’ launch hiring, staff development and
marketing strategy become the priority.

4.2 Sales Strategy

The research in this section resulted in three main elements: (1) sales at early stages,
(2) hiring sales professionals, and (3) the sales methods used.

In the early stages of a startup’s development, it is important to have a cofounder
with sales experience in the team—their contacts and reputation facilitate the first
sales and help find the first adopters who will believe in the future of the project,
even if the product is still coarse-grained. Having an established portfolio of clients
from previous workplaces increases confidence in the newly formed company and
products [41]. According to company documents and human resource records,
during the later startup stages, the cofounder supervised key clients and increased
the efficiency of sales.



Triggers of Business Success of IT Startup Owners in Russia 323

However, the first customers often get an early version of the product with a good
discount. Competent customer segmentation played a key role here. All studied
startups focused on a narrow customer segment whose demand could be satisfied
with a minimum viable product (MVP) [18]. Later, with incremental enhancement
of MVPs, companies reached new customer segments. This practice corresponds
to market entry strategies of European software startups [42]. Participant 1 recalled
that “at the beginning the strategy was that, when we do not know anything yet,
we offer consulting. All the risks is on the client’s side. As soon as we had proven
ideas, we offered our clients not only consulting, but also a ready-made solution
with software. As a result, nowadays we have a full range of services—from concept
development to implementation.” A developed and viable product as a result of the
successful first sales allows the hiring of sales professionals in the future—their
work will be more effective if they are confident in the product.

The founding teams of all three startups had to hire the first sales professionals
when the cofounder responsible for sales could no longer cope with all the tasks.
This happened after the first successful sales and receiving feedback on the first
products. One of the participants lacked experience in searching for and hiring
new team members, while the other two had such experience. Review of company
documents showed that after hiring new sellers, the companies’ revenues began to
grow proportionally. The founders were engaged in maintaining an exciting and
motivating atmosphere in the team after more and more people joined it.

It is important to note that startup owners used and refused the sales funnel
strategy, considering it to be wrong and dead-end. Participant 1 noted that they
had used a sales approach based on hype. This approach places a potential client
into a state in which they make a purchasing decision based on the emotions and
psychological tricks of the seller. However, at some points in the startups’ life cycles,
company owners completely discarded this method. Renunciation of the hype
method of sales occurred because startup owners were emotionally disappointed
by this approach and felt guilty. Also, Participant 1 came to an understanding of
the impossibility of creating a sustainable business by selling a product that does
not have value for a client, as well as the potential reputational risks this strategy
entailed. We assume that startup owners learned a lot from the negative wave of
customers’ feedbacks. Perhaps this feedback allowed entrepreneurs to pivot their
businesses to sustainable paths by satisfying consumers and improving products.

According to corporate documents, in the early stages of the startup’s life cycle,
success stories in which a similar solution was put into practice in other companies
helped to find the first buyers. The segmentation of clients also played a significant
role. All the participants actively used the so-called hype method to motivate the
first clients, but later completely discarded this method.

Improving the product and staff development are elements of resource-based
view market entry. However, customer segmentation links to Porter’s “five forces”
theory; the hype method and cofounders’ previous sales experience in the field are
discovered elements of the network theory. Thus, the studied companies used mixed
market entry strategies throughout the first 3 years. However, the observation of
theoretical elements in startups’ approaches was neither complex nor well measured.
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Startups owners did not reflect on this. In the interview they all accepted that
in the beginning startups were led by intuition, not by strategies. They started
using deliberate strategies only after receiving some negative experience. Thus,
we confirm the results of previous Russian studies about startups’ market entry
experience, which pointed to a low level of business planning before product
launch. We think that it is primarily due to the lack of basic business-making and
management knowledge of startup owners. At the same time, many cases of famous
software startups show that owners frequently find that their initial product ideas do
not pan out commercially. Business success is in being prepared to change direction
in one or more ways [43].

4.3 Acceleration Impact

At the stage of creating their startups, the teams were looking for any expert opinions
and investors that would help them develop their businesses. All three considered
Skolkovo Innovation Center as an option but did not use it for various reasons and
resorted to the help of the Internet Initiatives Development Fund.

All participants admitted that the acceleration program itself had only little
impact on the development of their business, but, in its course, they received
new and useful knowledge. Participants noted that they received some common
useful practical tools for product development and marketing, such as testing ideas
with MVPs, HADI cycle, effective sales training, and project management [44].
However, IIDF declares to attract third-party investments for its startups; during
the interview, all startup owners mentioned that they had found funding from other
sources in the process or after the end of the acceleration program without using
the fund support. Moreover, two out of three participants reported that, although
they had gained additional managerial skills during the program, in general, they
had already outgrown most of the recommendations offered by mentors. Thus, all
startup owners noted that they used the knowledge and experience gained from the
acceleration program, but they refer to fund recommendations critically and develop
their business according to their visions of the company’s prospects. This can be
interpreted as a refusal to blindly follow external recommendations in favor of a
more balanced and deliberate management decision.

4.4 Recommendations for Accelerators and Incubators

All interviewed participants suggested recommendations for improving the process
of acceleration and the work of the Internet Initiatives Development Fund to
better develop survival skills in startup owners. The participants suggested that
accelerators and incubators should:
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• Create a club system and a community of like-minded people: an open platform
for a direct interaction between program participants, both residents and grad-
uates, while business and technical experts will allow participants to train their
networking skills, find potential business partners and customers, and test and
improve their products.

• Offer more transparent working procedures and methods. This will increase
the confidence levels of managers, employees, and mentors of the accelerator,
as informants regretted the standardized approach to projects, the insufficient
experience of mentors in startups’ launch, and the subjectivity of recommenda-
tions.

• Create several programs depending on the entrepreneur’s level of development.
Companies which come to IIDF are very different. However, the acceleration
program is the same. The recommendations are usually aimed at companies in the
early stages; our informants came to the IIDF at the later stage and were not satis-
fied by the training, because the program did not meet their needs: “on one hand,
you want people like me, not freshmen. And on the other hand, I come to you, and
you start teaching me how to walk. I don’t need it, I can walk” (Participant 2).

• Create an ecosystem of suppliers. Entrepreneurs need a contact list of certified
and verified suppliers: “infrastructure is needed, good designers, layout design-
ers, lawyers, programmers, marketers, salespeople. The best in their respect
is quality. That will be useful” (Participant 2). This will save them time and
money.

• Provide training and education of entrepreneurial skills. Participants noted the
importance of developing startup owners’ soft skills, such as responsibility,
discipline, self-management, emotional intelligence, critical thinking, effective
communication, and teamwork skills. Participants think that mentors should
pay more attention to the psychological type of startup managers and select an
individual approach for each of them.

5 Conclusions

In our qualitative research, we studied the triggers of business success in technology
startups that have undergone acceleration programs and run their business for more
than 3 years. Our data collection method was a combination of semi-structured
interviews, review and analysis of company documents, reflective journal entries,
and direct observation of the business processes in the startups. During the research,
we collected data from startup owners who participated in the acceleration program
of the Internet Initiatives Development Fund. This study aimed to understand how
technology startups can create a strong, competitive, highly effective market entry
strategy.

The study revealed the tools that startup owners used for sustainable development
during the first years of operation: customer development, problem and solution
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interviews, and special methods of working with data. Also, we discovered that
studied companies used mixed market entry strategies through the first 3 years.
However, usage of the elements of the theoretical approaches in companies’ strate-
gies was not reflected upon, complex, or well measured. Startup owners accepted
that initially their businesses were led by intuition, not by strategic planning. They
started adopting deliberate strategies only after negative experiences. We think that
it is primarily due to the lack of basic business-making and management knowledge
of startup owners.

We found that the researched acceleration program did not have a significant
impact on the survival of startups, their marketing strategies, sales strategies, or
human resource management processes. However, acceleration programs influenced
participants’ worldviews, developing the skills of tactical planning. The overall
results of the research indicate that the critical factors for startup owners’ survival
are (a) personal characteristics, (b) previous experience, and (c) the ability to
conduct their key business activities. These are the key factors that allow a startup
team to successfully launch and reach first paid customers. Marketing tools and
human resource strategy are the second layers around these three core factors that
speed up the growth in later startup stages.

Keeping in mind the fact that Russia has not yet had empirical research conducted
about the effectiveness of business acceleration programs, the results of our work
fill up this niche, reveal the pros and cons of startups, and show points of growth
for accelerators. Business incubators and accelerators may uncover information on
how to adjust and adapt their programs to better develop survival skills among
entrepreneurs. The findings of the study could lead to a positive social change
among startup owners as well. The results could contribute to increasing the
startup survival rate as well as exchanging successful experiences among new
entrepreneurs.

For a generalization validity, the results of our research contribute to the study of
the regional aspects of launching startups on the market by showing Russian cases.
However, the uncertainty of transferring the results of the current study to other
countries leads to a recommendation for further research on accelerated startups
around the world. Research regarding various acceleration and incubation programs
throughout Russia and other countries may uncover valuable information that was
not found in this research.

Common shortages in Russian startups
lack of strategic planning at early stages

lack of fundamental business development and management 

knowledge, 

using sales strategies which is inefficient in the long-term,

participating in the acceleration program at the late stages of

market entry.
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Brazilian Startups and the Current
Software Engineering Challenges:
The Case of Tecnopuc

Leandro Pompermaier and Rafael Prikladnicki

Abstract Brazil is consolidating itself in the world of software startups, both by
the strength of the market and by the innovation ecosystems that help these new
companies to start and grow. In this chapter, we present the technical challenges
that these software startups encounter. We share our experience at Tecnopuc, one
specific STP located in the south of Brazil, with more than 170 organizations,
from which 90 are startups. We present a set of technical challenges that relate
to the following steps in developing an MVP: requirements engineering, product
prototyping, architectural design, and software testing. Based on the analysis of
these challenges, we reflect on how innovation ecosystems such as science and
technology parks (STP) could help startups on addressing the challenges identified.

Keywords Software startups · Software engineering · Software development ·
Innovation ecosystem · Science and technology park · Brazil · Tecnopuc

1 Introduction

Introducing a new product or service to the market is a complicated exercise with
the unknown outcome from customers, as it requires determination, vision, and
resources to push it to the market. Besides, competition with existing products and
being known in the market are some obstacles that new companies face. Companies
need resources such as money to transform a new idea into a product, and it has
been difficult for most organizations to ensure that the scarce resources last longer
and are used effectively.

There are a growing number of new companies called startups. Such companies
develop innovative solutions, and Cooper and Albert first defined startups in 1977 as
new hi-tech enterprises [1]. In their study, they analyzed startups from San Francisco
to understand their success factors. The startup was later defined as a human
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institution designed to deliver a new product or service on extreme uncertainty
conditions [2]. In this sense, Eric Ries defines the lean startup methodology as
being a methodology for managing companies in environments of considerable
uncertainty [2]. A subset of startups that has software-based solutions is defined
as software startups or digital startups. Literature called software startups as
newly created companies with no operational history and as extremely fast in the
development of leading technologies [3].

These software startups are increasingly obsessed with delivering software
products in an extremely short time so that the products can be validated directly by
the end users. For this reason, the use of lean software development methodology
and the experimentation of business models have become popular in software
startups, especially in the design of the minimal viable product (MVP) [4].

Several startups also believe that being located in innovation ecosystems are
among the success factors of their endeavors. Such environments (e.g., clusters
or areas of innovation, science and technology parks, and accelerators) are rich
in networking opportunities such as events, lectures, activities in collaboration
with universities and on connections with partners and possible customers. This
scenario helps in development of new ideas because it increases the opportunities
for innovation. When there is a collaboration, an initial idea can quickly become
more mature and, perhaps, even pivot on a new business model.

In this chapter, we share our experience with software startups in one of such
environments: Tecnopuc, a science and technology park owned by PUCRS, a private
nonprofit university located in the south of Brazil. PUCRS is among the top three
national private nonprofit universities and Tecnopuc was awarded three times the
best STP of Brazil. We also take the opportunity to present an overview of how
Brazil is stimulating the development of such environments and software startups in
general, identifying challenges and opportunities on this topic, including what we
believe is one of the main challenges: how to define a minimum set of Software
Engineering (SE) practices that startups should adopt during the development of
their software products.

2 Software Startups in Brazil: An Overview

As in other parts of the world, software startups have gained attention in the
Brazilian market. A survey conducted in 2019 by the Brazilian Startup Association
(Abstartups) with several Brazilian startups presented an X-ray of these nascent
companies [5, 6]. This study indicates that 77% of Brazilian startups focus on
corporate clients, and just under half (45%) participated in some incubation or
acceleration program. Almost 70% of the surveyed startups either have no billing
(38%) or the annual billing is less than US$50,000 (29%), revealing that the
Brazilian market still lacks tools that help entrepreneurs to provide further traction
to their business [7]. The survey also showed that there are more than 65 startup
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communities in Brazil, divided as follows: Central (7 communities), Northeast (15
communities), North (8 communities), Southeast (14 communities), and South (21
communities).

In addition, Brazil has more than 12,000 startups, and Rio Grande do Sul (the
state where Tecnopuc is located) has experienced a growth of more than 490% in the
number of startups in the last 5 years, ranked as the third place among all Brazilian
states.

This growth is related to the maturity of the existing innovation ecosystems,
the presence of science and technology parks that contribute to innovation and
cooperation between companies and universities, and the location of large and
successful local cases such as the Gerdau Group (industry) and Sicredi (bank), as
well as reference multinationals like Dell Inc., HP Inc., Hewlett Packard Enterprise,
Santander, among others.

Within this scenario of startups growth, science and technology parks (STPs)
are presented as innovation ecosystems that can contribute to the various stages
of the development of a new business. The purpose of an STP is a relationship
between the scientific and the business community, allowing the integration of
specific knowledge and skills in order to provide the following results [8]:

• To develop a culture of innovation and competitiveness of companies and
knowledge-intensive institutions associated with the park

• To facilitate technology transfer and entrepreneurial skills between academia and
the business sector

• To stimulate the creation and development of technology-based companies
through incubators and spin-offs

• To promote the sustainable development of the community and region in which
it is inserted.

There are currently more than 90 STP projects in Brazil at different stages
(conception, development, operation), from which several are already operating.
This scenario shows one of the main characteristics of the country, which is the
creation and development of innovative communities with strong characteristics
that foster business in each region. For example, the technology park located at
the Federal University of Rio de Janeiro—UFRJ (southeast of Brazil) has more than
60 institutions installed, including the research unit of one of the leading Brazilian
multinational companies Petrobras. This unit has the most modern simulator for
drilling oil wells in the country. In the Northeast, Porto Digital is an STP located
in the city of Recife (capital of Pernambuco state) with more than 300 companies
and 8000 people. Porto Digital stands out as the park that houses business in
the areas of games, multimedia, animation, music, and design. Organizations that
decide to be part of such ecosystems usually look for environments that are
intensive in technology and leverage scientific and technical research capacity and
laboratories to build competitive advantage through innovation.

As mentioned earlier, the southern state of Brazil (Rio Grande do Sul) houses
several STPs including Tecnosinos and Tecnopuc that together host more than 250
organizations and 12,000 people. Altogether, these four STPs houses more than
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50% of the companies located at STPs in Brazil, including more than 300 startups.
They also received the award of the best STP in Brazil promoted by the Brazilian
Association of Science Parks and Areas of Innovation—Anprotec (Porto Digital and
Tecnopuc were awarded three times, Tecnosinos twice, and UFRJ STP one time).
The next section illustrates these rich innovation ecosystems by providing more
details about one of awarded Brazilian STPs: Tecnopuc.

3 The Case of Tecnopuc

PUCRS Science and Technology Park (Tecnopuc) is a modern innovation system
that was founded in 2003 and houses businesses of various sizes, associations,
and university labs, thus facilitating joint technological development. It brings
together major companies that act globally through its technological development
as well as startups. The success of Tecnopuc is based on solid factors such as the
political, social, and economic status of the city of Porto Alegre, the capital of Rio
Grande do Sul State. There are 1.5 million inhabitants in Porto Alegre, though in
the metropolitan region this figure rises to 4 million. The city holds a privileged
geographic location in MERCOSUL. The metropolitan area offers great potential
for business and good infrastructure for scientific and technology development,
housing three major universities (PUCRS, UFRGS, and UNISINOS) top ranked
by Brazilian official agencies such as the Coordination of Improvement of Higher
Education Personnel (CAPES). PUCRS currently has a total of 38,000 students and
has graduated over 165,000 students up till now.

The presence of a science and technology park at PUCRS is the result of the
university efforts to increase the number of Research, Development and Innovation
(RD&I) cooperative projects with industry partners, which stimulates innovation
and entrepreneurship. This offers an environment where PUCRS researchers can
work with applied research and stimulates the technology transfer to the market
through patents or startups development. It is an inherent goal of Tecnopuc to
insert PUCRS in the technological, economic, and social development process of
the region and the country. The initiative also aims:

• To attract RD&I companies to work with the university
• To promote startup and spin-off technology-based companies
• To attract technological and developmental research projects
• To encourage business–government–university innovation and interaction
• To generate positive synergy between academia and business
• To act in a coordinated manner with the local, state, and federal governments.

Tecnopuc is spread in three campus sites in a total area of 27 ha with the main
campus locating in PUCRS Central Campus. Tecnopuc is a multi-industry science
and technology park focusing on four main areas: (1) information technology and
communication, (2) energy and the environment; (3) life sciences and biotechnol-
ogy; and (4) creative industry. Tecnopuc is home to more than 170 organizations



Brazilian Startups and the Current Software Engineering Challenges: The Case. . . 335

and 7100 jobs. One of the main focuses of Tecnopuc is startups, and in its strategic
plan updated in 2018 it has defined the intention of generating 1000 startups in
10 years. Therefore, an area dedicated to the development of innovative enterprises
was created and called Tecnopuc Startups.

3.1 Tecnopuc Startups

Since its foundation in 2003, Tecnopuc has helped in the development of almost 400
startups (151 preincubated, 158 incubated, 13 accelerated, and 84 graduated com-
panies). Tecnopuc currently hosts approximately 90 startups at different maturity
levels. One of its main successes is a company called GetNet, one of the largest in
the development and management of electronic payment solutions in the country,
which was sold to the Santander group for over R$2 billion (approximately US$500
MM).

A part of these numbers of startups is based on a constant focus on inte-
grating entrepreneurial education into the university curriculum. As an example,
PUCRS has established an Interdisciplinary Entrepreneurship Laboratory (IDEAR)
which works on entrepreneurship as a competence that involves mobilization of
knowledge, skills, and attitudes, the exercise of creativity, critical thinking, and
the exercise of autonomy. IDEAR helps on developing entrepreneurship skills
into the university curriculum, allowing the emergence of young entrepreneurs
and stimulating them to advance their ideas. An example is a program called
Track Startups PUCRS, executed in partnership between IDEAR and Tecnopuc to
transform undergraduate course projects ideas into entrepreneurship opportunities
and startup creation.

In the context of Tecnopuc, startups are companies based on innovative business
models, services or products with economic, social, or environmental impact.
These companies are not necessarily based on the university’s intellectual property.
Tecnopuc Startups provides the support and conditions necessary for innovative
businesses to enter the market sustainably and competitively. Its primary goals
are to support the startup development process, provide value-added solutions for
startups, empower and develop entrepreneurial skills and attitudes, prospect and
capture new entrepreneurs, potential new ventures, promoting internal and external
connections to the university, and also strategic partners for startups, and stimulate
the entrepreneurial capacity of the PUCRS community. For example, if a PUCRS
student has an idea and want to go further and turn it into startups, Tecnopuc
offers two main programs: Startup Garage (a pre-startup program where one has the
chance to participate in a business modeling program) and the Startup Development
Program (a program composed of five distinct phases: Start, Build, Establish, Scale,
and Consolidate).

Startup Garage The Startup Garage program prepares successful future
entrepreneurs by assisting them in transforming an initial idea into a business with
great potential. Various tools are presented to entrepreneurial teams by a group of
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mentors in a program that includes ideation, validation, and prototyping. The focus
is on the development and instrumentation of new entrepreneurs from modeling
their business. It is a 3-month immersion at Tecnopuc entrepreneurial and innovation
ecosystem, which allows the entrepreneurs to experience the reality of generating
new business, work on their entrepreneurial profiles, relationships with partners and
mentors, and self-knowledge, all the basis for creating an entrepreneurial attitude.
To this end the methodologies of lean startup, customer development, and business
model canvas are combined and used as reference. The Startup Garage culminates
in a pitch day—an event that brings together mentors, potential investors, and
members of the PUCRS entrepreneurship and innovation ecosystem, who assist
and evaluate the business of program participants. For those who want to continue
in their endeavor, they have the opportunity to apply for the startup development
program.

Startup Development Program For up to 30 months this program was structured
to make nascent businesses more sustainable as well as generate higher value
for society. Five distinct phases lasting six months were created to meet the
characteristics of the development of startups and their levels of maturity (Fig. 1).

The start phase is the first moment of an entrepreneur or company in the
Tecnopuc ecosystem. It is believed that the aura of the entrepreneur and his/her
relationship must be assisted so that the profile of the partners can be monitored, the
business model validated, and the company formally constituted. The build phase
intends to enable the company to achieve its fit in the market. If this is not possible,
the company can swing your business, changing its strategy and conducting further
testing and validation. The establish phase allows the validation of the business
model in which the entrepreneur becomes sure of the position that the company will
assume on the market. The scale phase is aimed at helping the company grow so
that its strategy is geared toward scale gains. And the consolidated phase expresses
expansion with higher revenues, more employees, a higher number of products and
services, and business internationalization strategies.

In addition to the Startup Garage and the Startup Development programs,
Tecnopuc also has additional initiatives that help startups in their process, such as:

• The Startup CorpLab program, which seeks to identify and establish a part-
nership between Tecnopuc and large companies or corporations. This program
allows startups and large companies to cocreate solutions to challenges identified
by the latter.

• The Internationalization program, which takes the advantages of Tecnopuc
international network to identify opportunities for startup international growth.
The park has bilateral agreements with several STPs around the world in
countries such as Germany, Canada, China, Colombia, Ecuador, the USA, Italy,
Portugal, and Russia.

• The Acceleration of synergies program, which focuses on the connection and
interaction among all companies located at Tecnopuc. The program aims to iden-
tify the needs and potential of each organization, from startups to consolidated
operations, and provide opportunities for connections and relationships among
all companies.
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Through the continuing
development the company is
able to take international
actions. And strengthen it’s
enterprise.

Development phase. To plan
actions for the company’s
development.
After diagnosing, it will take
about 4 months to execute
the strategy.

Don’t give up due to difficulties
of getting into the market.
Strengthen the
entrepreneurship spirit.

The entrepreneur defines
a market fit business
model.

Is the moment for the
incubator and the
entrepreneur to get to
know each other.
To work at an open place
for a better understanding
of the business.

CONSOLIDATE

SCALEESTABLISH

BUILD

START

STARTUP
GARAGE

STAGES5

Fig. 1 Phases of Tecnopuc Startup development program

4 Software Engineering Challenges for Tecnopuc Startups

Approximately 80% of all startups located at Tecnopuc are software based, that
is, software is in the heart of the company business (software-ubiquity). On
analyzing the software startups created and being developed at the park, one can
identify several challenges that such companies face. The development of the
software product and all activities involved is probably the greatest challenge that
software startup entrepreneurs face. This challenge relates primarily to the software
development process itself.

For this reason, during the startup development program in 2019, we interviewed
a set of 63 entrepreneurs from software startups located at Tecnopuc. We have
asked them about their practices on developing their MVP, including requirements,
prototyping, architecture design, and testing. We also asked questions related to
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Table 1 Startups
interviewed and their industry
domain

Industry domain # startups interviewed %

FinTech 7 11.11
HealthTech 6 9.52
AgriTech 5 7.94
Services 5 7.94
Information technology (IT) 5 7.94
HRTech 4 6.35
Creative industry 4 6.35
Sales and marketing 4 6.35
Management 4 6.35
Logistc 4 6.35
EdTech 4 6.35
PropTech (real state) 3 4.76
Sports 3 4.76
Entertainment 2 3.17
Energy 2 3.17
FoodTech 1 1.59

demographic information of startups (number of jobs created, for example). Our
goal was to capture their perception of the use of software engineering practices
during their product development, focusing on the early stages of product and
company. Within the sample used in these interviews, 48% of the startups use the
Business-To-Business (B2B) business model, that is, one business makes a com-
mercial transaction with another. This typically occurs when a business needs the
services of another for operational reasons or a business resells goods and services
produced by others. Moreover 33% of the startups use the Business-To-Business-
To-Consumer (B2B2C) business model, that is, where usually online businesses
and portals reach new markets and customers by partnering with consumer-oriented
product and service businesses.

In addition, 88% are startups that already have users/clients in their platforms,
and 12% are in the MVP’s validation phase. Table 1 presents the classification of all
startups interviewed ordered by their industry domain. Forty-five percent of the star-
tups interviewed are from five main industry domains—finance (FinTech), health
(HealthTech), agriculture (AgriTech), services, and IT (Information Technology).

Based on these interviews, we have mapped the main challenges that startups
have encountered and still find related to the use of software engineering practices
in the development of their MVPs. The main challenges encountered are related
to the following phases of the software development methodology: requirements
engineering, product prototyping, architectural design, and testing.

Requirements According to Zowghi [9], requirements elicitation is the process of
finding, discovering, acquiring, and elaborating requirements for computer-based
systems. However, in a traditional approach the requirements elicitation seeks
the characteristics of the client’s needs that the solution must contemplate, being



Brazilian Startups and the Current Software Engineering Challenges: The Case. . . 339

critical, and may jeopardize all subsequent steps in case of failure in its activities
(increase in cost and development time, cancelation of the project, etc.) [10].

In a scenario where software startups work on defining the requirements of their
solutions, problems with defining requirements grow exponentially due to the fact
that:

• The customer is not fully defined.
• The problem was not specified and/or defined.

These two essential points for defining software requirements are worked out as
hypotheses within the context of software startups and thus should be validated and
streamlined when necessary.

In this sense, the requirements discovery should be composed of a combination of
the first steps of customer development [11] that consist of the phases of Customer
Discovery and Customer Validation. In our software startup program, these steps are
represented by hypothesis validation. These activities may be supported by different
discovery approaches, such as Design Thinking or Design Sprint. Especially in the
Knowing and Creating phases of Tecnopuc’s startup development program, a mix
of monitoring and mentoring in each interaction with startups helps entrepreneurs
address this hypothesis validation.

Startups may use several tools/methods to help them elicit requirements. Exam-
ples are interview (talking to potential customers and understand their problems),
social media page (generating content in order to drive traffic), blogging (similar to
social media but as a blog), and a landing page (a webpage the explains the value
proposition and tries to collect data).

The decision on which tool/method to use is done by each development team.
According to Melegati [12], software startups do not follow a specific activity
when it comes to requirements engineering and is usually influenced by their
founders, software development managers, developers, business models, market,
and the ecosystem. In addition, the business model is a deciding factor in the choice
of practices for requirements engineering [12].

Therefore, requirements engineering that includes elicitation, analysis, docu-
mentation, and revision must be adapted according to the maturity of the startup
and its team and also aligned with the practices used in the process of Customer
Development. Moreover, by giving and receiving feedback software startups can
increase the chances of understanding who the customers are, what problems they
have, and solutions that may solve their problems.

The survey reported that 63% of startups use Agile practices to manage their
requirements, such as documenting requirements using User Stories. They also
use visual tools to keep track of the requirements. However, most startups do not
set standards in the use of these practices, performing much of the requirements
management verbally and informally.

Main RE concerns with Tecnopuc startups are (1) lack of process 

formality and (2) lack of documentation.
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Product Prototyping All aspects of software development from the earliest stages
to system maintenance involve specifying, developing, managing, and evolving
software systems. Software Engineering is designed to solve software system
problems in order to support development using processes, methods, techniques,
and tools [13]. The reality is no different in startups. A common practice we found
in startups is the development of product prototyping through short cycles of MVP
development.

A prototype is an early sample, model, or release of a product built to test a
concept or process. It is a term used in a variety of contexts, including semantics,
design, electronics, and software programming. System analysts and users generally
use a prototype to evaluate a new design to enhance precision. Prototyping serves
to provide specifications for a real, working system rather than a theoretical one.
In other words, prototypes help on simulating working software much earlier in the
cycle. This can be done in small cycles of MVP development and allows the startup
to have the minimum necessary to achieve its goals of quickly seeking market
feedback [14].

As an example, once the backlog is managed and priorities are defined, the
MPV cycle is planned, including the product prototype that will be delivered for
feedback. Moreover, as mentioned by Nguyen-Duc and Abrahamsson [14, 15],
parts of what was developed in the MVP can be used in the future for other purposes
(communicate with investor, for instance).

Another benefit of developing a prototype through an MVP cycle is the fact
that the team becomes more engaged about the needs and the necessary feedback
in terms of what should be built and what can be built. In other words, product
prototyping reinforces the importance of individuals and interactions over process
and tools, which is part of the principles written in the Agile manifesto [16].
In the context of software startups, the adoption of Agile methodologies has
been a common practice because they present characteristics that can easily be
customized according to the team profile. Agile methodologies are a set of values,
principles, and practices based on an iterative and incremental process [16]. The
four key characteristics of all Agile methodologies are iterative and evolutionary
development, flexible response to change, promoting communication, and the
delivery of added value to the customer in shorter iterations [17].

A study conducted by Yau [18] found that different Agile practices are used in
different software startups. Speed-related practices are used to a greater extent com-
pared to quality-related practices [18]. The communication practices represented by
daily standup meetings are limited adopted because they involve very small teams
working together [18]. The survey reported that most entrepreneurs are building
their first venture and thus have no experience in running a business. We analyzed
the adoption of software development practices, which were used to facilitate and
optimize all work done during the MVP’s development.

Main challenges during the product prototyping are (1) lack of 

knowledge on MVP development process and (2) lack of awareness 

and usages of MVP tools.
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Table 2 Challenges with software structure and architecture

Challenges Description

Coding
language and
associated IDE

The choice of programming language may affect future extensions of the
software and integrations with existing solutions in the market

Database Need to choose a database that has an active user community, allowing a
search for solutions to problems encountered while using MVP

Web host Web hosting is critical for the solutions developed by software startups. It
needs to be an affordable and secure framework

Code
deployment
tool

Always making software changes and the associated implementations that
come with it need to be controlled to increase team productivity and quality

Security
approach

Usually indicated as an important item by the startup team but ignored
during development (using the security solutions offered by the web host)

Architectural Design Software architecture involves defining a structured solution
that meets all technical and operational requirements while optimizing common
quality attributes such as performance, security, and manageability. It involves a
series of decisions based on many factors, and each of these decisions can have
a considerable impact on the quality, performance, ease of maintenance, and the
overall success of the software. Table 2 presents the challenges with software
structure and architecture faced by the surveyed startups.

Software Testing At each cycle, all development carried out by software startups
should be based on responses received by the market, comparing them with the
assumptions made in the early stages. Startups should thus be able to design
and carry out previous activities quickly and effectively releasing MVP as soon
as possible. After that, an analysis of what is happening and how the market is
realizing the MVP should be controlled by the startup in order to generate the
required learning at this stage.

According to Moogk [19], the key principles of the lean startup include
omnipresence of entrepreneurs, uniqueness of the management style of startups,
and learning from product testing against relevant metrics. Some measures that
entrepreneurs can use are:

• Customer interviews
• Usability testing
• Split testing
• Usage monitoring
• Funnel analysis

Analyzing these data and customer- and market-related learning will help
entrepreneurs make important decisions that will lead to a new cycle: increment of
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Fig. 2 Portion of software testing in startups—TecnoPuc case

the MVP with new features or flows, creating a new MVP by changing the customer
or market focus, or making changes to the implemented functionalities.

Relevant architectural challenges are (1) lack of knowledge on the 

deployment environment, (2) lack of built-in quality attributes, and (3) 

limited configurations.

In the early stage, Tecnopuc Startups performed testing in several ways:

• Using a pilot client (adopted by 16% of total startups): It is considered here the
system test performed by a group of end users, prior to deployment, to provide
feedback to the product development team [20].

• Unit tests (adopted by 43% of total startups): a software testing method by
which individual units of source code, sets of one or more computer program
modules together with associated control data, usage procedures, and operating
procedures, are tested to determine whether they are fit for use [20, 21].

• Functional ad hoc tests (adopted by 23% of total startups): software testing
performed without planning and documentation [22].

• Specialist tester (adopted by 18% of total startups): software test performed by a
business specialist associated with the startup.

The portions of each type of testing are summarized in Fig. 2. As much as
startups perform validation and verification activities with their MVPs, only 66%
of the investigated cases use some sort of software testing techniques. If we exclude
the development activities of unit testing, carried out by the developers, the actual
testing on a system level is held by 57% of the respondents, but without any planning
or technical guidance.

Testing concerns are (1) lack of focus on quality assurance and (2) 

insufficient investment on testing.
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5 Conclusions

5.1 Lessons Learnt from Brazilian Startups

There are several lessons that can be learned from this study on software startups,
both from the perspective of software engineering challenges and the existence of
innovation ecosystems that can assist startups in building their solutions. Here we
list all lessons we learned.

Lesson 1: Innovation ecosystems such as Tecnopuc are facilitators of the startup
development process. Innovation ecosystems help new ventures far more than
physical space. It is a catalyst for connections between key players that drive
innovation, including governments, society, and companies. These connections
provide the new entrepreneurs with opportunities that would be hard to achieve
without associating with an ecosystem.

Lesson 2: The MVP’s development process is the main challenge for nascent
ventures. On interacting with startups, it became clear that the lack of a guide
setting minimum standards in the process of developing MVPs leads to technical
debt that can be costly in the startup’s growth stages. In an environment such
as Tecnopuc, professionals from other companies and professors and researchers
from the university can be connected to startups to assist them in using best
software development practices.

Lesson 3: Identifying early adopters is a crucial contribution of innovation ecosys-
tems. Tecnopuc currently has around 7000 professionals working in various
companies, organizations, and startups. This audience can be activated by
startups, who are always looking for validations with customers/users. Besides,
the university where Tecnopuc is located (PUCRS) has around 30,000 people,
including students, professors, researchers, and the community as a whole, which
also helps in finding these first clients.

Lesson 4: Defining software infrastructure for their solutions is dynamic and not
necessarily based on preestablished industry standards. A startup often struggles
to find the right environment for building and validating its MVP. Both Tecnopuc
and PUCRS have laboratories that can be used for such validations, such as
maker’s space, high performance computing lab, among others.

5.2 Final Words

Software startups are at the heart of the new economy of this century, which is based
on high-impact entrepreneurship, transforming intensive knowledge into exponen-
tial innovation. Many startups develop complex software and take advantage of
being connected with innovation ecosystems.
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In this chapter, we presented our view of this movement by sharing some
information about the Brazilian scenario for software startups. We presented the
case of Tecnopuc, a science and technology park that hosts several startups, several
of them being software startups. We also discussed technical challenges that startups
may face from a Software Engineering point of view. We identified a total of nine
challenges relating to four different areas of software development.

We believe that it is necessary to continuously find ways to overcome the techni-
cal challenges identified. Since Tecnopuc is located at PUCRS University campus,
startups can easily connect to SE professors and researchers to better understand and
improve their software development process and work on useful documentation.
Moreover, relationship with other startups and multinational companies can also
contribute to overcoming some of the technical challenges, as companies may
exchange experiences and learn from each other on which development environment
to use and also exchange quality assurance practices. Defining an MVP development
process can also contribute to address challenges related to the lack of knowledge
in this area.

In summary, innovation ecosystems such as Tecnopuc can play an essential role
in helping startups in several aspects of their process. Otherwise, startups may
find an effective way to prototype their solutions and evaluate their market fit, but
technical challenges will not only introduce technical debts but also make it very
hard for them to scale up.
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