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ABSTRACT

University research has become a core driver of innovation. Every year, governments
around the globe invest in new and potentially groundbreaking discoveries. For this
novel research to drive impact, it must be translated from the research setting into the
market. This translation process is complex and challenging, and many hurdles and
roadblocks stand in the way of success. This paper explores the process of translation,
focusing on the process in which academic participants such as students, researchers,
principal investigators, and professors must make a decision to invest their time and
effort to bring a product to market and the steps involved in spinning research out of the
lab and into the market. By examining the variables leading into translation and the
early steps of the process, this research provides a playbook that can be utilized by
these students, researchers, and staff to reduce the friction to entrepreneurship. This
research aims to increase the quantity and success rates of startups out of the
university setting.
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Chapter 1

INTRODUCTION

Overview

Research out of academia is working to push humanity into the future with breakthroughs in
fields such as environmental science, energy creation and storage, healthcare, and more.
These advancements are set to define what the future of humanity looks like, and impacts lives
today. The topic of translating research from the academic setting into a company is not trivial
for me. My father and sister are alive because of technological advances over the last century,
which have made life-saving treatments and therapies. With this lens, | gained the motivation to
pursue this research topic - how can we increase the rate and quality of academic spinouts?
Which insights and structure are needed to navigate the translation process in the hopes of
improving the pace, quality, and impact?

This paper defines translation as the process of transferring research and findings into
application and impact. Generally, this is a new business entity, but it may take other forms,
such as non-profits or open-source solutions. These, however, require alternative approaches to
bring to market, so for this paper, | will focus on translation into businesses. Academic
entrepreneurship is creating a business by utilizing a protected invention from the academic
setting and the deep expertise of individuals involved in the research (Perkmann et al., 2013).
Within the lifecycle of entrepreneurship, this research will focus on the period around the full
maturation of research in the academic setting and the decision to launch into a business

entity.

Focusing on this translation process, this research proposes a playbook and roadmap to
improve this process by supporting founders and founding teams on the entrepreneurial path. It
provides insight into the process with a focused lens around innovation at MIT. While the
concept can be globally applied, local resources and characteristics may change the
entrepreneurial process elsewhere.

The entrepreneurship path is ambiguous and depends on many circumstances surrounding a
new product or service. While there is not a definitive path to entrepreneurial success,
commonalities and examples may provide direction. The pace and quality of fundamental
science have increased over time (Goldstein & Brown, 1997). This improvement has perhaps
been aided by the maturing of the research process, where research goes from question to
outcomes, such as publishing with rigorous expectations and an endpoint. For
entrepreneurship, general steps and guidelines exist on how to bring a new product or service
to market. However, the translation process, which describes the interstitial process between
the academic and business/entrepreneurial steps remains elusive.

Problem Definition

Students, researchers, and faculty are a pool of experts in their field and could be essential
members of founding companies. However, these parties experience a lot of friction taking a
concept from the lab and trying to bring it to market as a new product or service. What does a
win look like for this paper? My earnest hope is that by providing some context around the
entrepreneurial journey focusing on this process of translation from lab to market, we can



reduce the friction to taking this path and that more companies will come out of the university
setting and go further and faster than before.

MIT faculty published an average of 5,300 articles annually from 2009 to 2017 (OA Task Force
& Dunn, 2018). Meanwhile in 2022 MIT was issued 354 patents (Massachusetts Institute of
Technology, Technology Licensing Office, 2022). With the amount of pure and applied research
occurring on campus, there is a gap between what is being discovered and what is being
structured to potentially be brought to market. The problem this paper addresses is how we
might increase the volume and success rate of startups coming from academic institutions. This
naturally involves a study of the barriers to entrepreneurship that exist and mitigating factors. If
we can be successful in this effort, we will work to drive increased societal impact from
research. Helping to provide structure so that future solutions tackling intractable global
challenges has the best opportunity to drive impact.

Methods

This research used a series of twelve semi-structured interviews conducted with current and
former entrepreneurs who have developed businesses out of the research setting and by
stakeholders who support these businesses across various parts of their lifecycle. This includes
MIT professors, entrepreneurial organizations that support translation, venture capitalists, and
the Technology Licensing Office (TLO).

Interviews were semi-structured to provide a framework for the conversation while allowing for
flexibility in the conversation. Conversations were run using a series of predefined topical areas
and questions but provided the flexibility to explore topics and conversation points driven by the
conversation. Notes were reviewed and documented into an affinity map to group critical
thoughts and learnings.

Furthermore, the literature review was completed to share what research has learned about the
entrepreneurial process. Research from across fields of study looking at entrepreneurship and
academic entrepreneurship was reviewed to ascertain any further strategies and data points
that would be helpful for future founders considering this path.

What is Translation

Understanding the type of innovation you are pursuing is helpful in that there are nuances in the
process needed to develop a business around them. One of the approaches to categorizing
innovation is to break it into two types: market pull and technology push.

In market pull innovation, the source of innovation's source is from the market and a specific
market need (Cotter, 2018). This is a focus on the end-user and their need. The market exists
and is well-defined, and the solution is developed to fit that need. This type of innovation is also
called demand-pull or need-pull innovation (Cotter, 2018). Many well-known digital solutions
come from this philosophy, for example, at one point, consumers needed help to quickly request
a taxi or driver to get them to their intended destination, which was a large unmet need from
which Uber and Lyft then came. Starting with an understanding of the need in the market the
teams were able to create a technological solution to solve this problem.



On the other side of the spectrum is technology push innovation. In technology push innovation,
the catalyst for the new product or process comes from research or a novel invention
(Technology Push & Market Pull, 2019). The research may be pure or applied, but the outcome
of the research must be new knowledge that has a real-world application. It is the
commercialization of novel learning. This new technical capability is then brought to the market
to solve a need. In this approach, a technology or solution is defined from the research, and
then a market or user need must be identified, and the technology adapted and applied to fit
that user need. The now well-known biotech company Moderna is a result of a technology
push: a breakthrough on modified RNA technology at a lab at a leading university led to the
realization that there is a large potential impact of bringing this technology to market, which is
why the company was founded.

It can be understood then that university spinouts that come from the setting where novel
research is occurring, solution are being discovered, and then brought to the market to find a
user need, and adapted to solve for that need is push innovation. This is important to
understand because it shapes the path and process that you will follow in trying to develop a
business from this research. You may have a novel solution or breakthrough that you think has
potential, and your job is to figure out how and where it applies and who will pay for it.



Chapter 2

BACKGROUND

History of Translation

The expansion of effort around the process of translation has been attributed to a series of
federal laws that came about starting in the 80s in the United States. Specifically, the 1980
Bayh—Dole Act, the 1980 Stevenson—Wydler Act, and the 1985 Federal Technology Transfer
Act are seen as transformative to the process of translation. These pieces of legislation have led
to a shift in how scientific discovery in universities and in Federal laboratory settings are
commercially used. Since these pieces of legislation passed, the number of American
universities that engage in technology transfer and licensing has increased eight times to more
than 200 (Markman et al., 2005).

The Bayh-Dole Act is a federal law that permits universities, non-profit research institutions, and
small businesses to own, patent, and commercialize inventions developed under federally
funded research programs within their organizations (Bayh-Dole Act, 2022). The Stevenson—
Wydler Technology Innovation Act required federal laboratories to actively participate in and
budget for technology transfer activities (S.1250 - 96th Congress (1979-1980): Stevenson
Wydler Technology Innovation Act of 1980, 1980). Lastly, the Federal Technology Transfer Act
builds on the Stevenson-Wydler Act. The act established the Federal Laboratory Consortium
which empowered federal laboratories to enter into Cooperative Research and Development
Agreements (CRADAS) and to negotiate licenses for patented inventions made at the laboratory
(H.R.3773 - 99th Congress (1985-1986): Federal Technology Transfer Act of 1986., 1986). This
also includes the structure to allow for royalties to be paid to the lab and inventors (US EPA,
2014).

From 1980 to 2017, the number of patents issued to U.S. universities and their faculty has
quadrupled. The number of companies emerging from the university setting has also greatly
increased from virtually zero to roughly 1,000 per year from the 1970’s to the 2013 to 2017 time
period (Cullum Clark et al., 2020). It is the maturing of the body of law around university
research and innovation which has empowered the explosion of research and entrepreneurship
from this setting over the last nearly half century. And from the public's perspective, that is how
it should be. Taxpayer support for research is justified by the return-to-society on the
investment. There exists a natural pressure for universities to show tangible returns for the
grants they receive for their research. There is an increasing viewpoint from universities that
their role is to be the catalyst of new ventures formation (Markman et al., 2005).

The Importance and Magnitude of Translation

MIT's ambitious entrepreneurship educational program has three core principles: Mens et
Manus; teams, not individuals; and cross-disciplinary collaboration. Mens et Manus means
"Mind and Hand," which stems from William Barton Rogers' founding conception of linking
theory and practice. A large and continually growing curriculum focuses on moving ideas to
impact (Roberts et al., 2015).

Academic entrepreneurship and launching spinouts commercializing university research is an
impactful mechanism for the economy, creating new jobs and fueling future innovation. MIT is



part of this impact on the global economy. Its dual emphasis on creating innovative ideas and
using them to solve real problems is at the core of its ability to boost economic activity (Cohan,
2017). There have been 3,300 companies, including 50 unicorns, founded by alumni of MIT.
These companies have attracted over 6,000 investors raising over $112 Billion (Tracxn, 2022).
A 2014 report estimated that MIT alumni-founded startups employ over 4.6 million people and
generate roughly $1.9 Trillion in annual revenues (Matheson, 2015).

The success of entrepreneurship is mirrored in Intellectual Property (IP) statistics. Between
1991 and 2015, there were approximately 11,000 total patent applications from MIT. 4,000 of
these issued patents have value to licensees, and 437 companies licensed MIT owned IP
(Cohan, 2017). In 2022 MIT was awarded over 354 US patents and 474 International patents.
This makes for a combined 3,718 active patents in the US across sectors with 14% Medical
Device, Diagnostics, and Research tools; 26% software; 21% Therapeutics; 36% physical
science and hardware; and three percent other. MIT completed 99 new licensing agreements on
top of the 3,202 completed between 1960 and 2021 (Massachusetts Institute of Technology,
Technology Licensing Office, 2022).

The entrepreneurial environment encourages students to pursue this path. This is shown in the
engagement in entrepreneurship over time. Eleven percent of alumni from the 2010s have
founded companies, compared with eight percent who founded companies within five years of
graduating in the 1990s and four percent in the 1960s (Matheson, 2015). This rate will only
increase as entrepreneurship grows in interest and prestige for students coming out of the
ecosystem. Moreover, if students and alumni are not actively founding companies, they are
joining startups. From 2006 to 2014, the rate of students choosing employment at venture
capital-backed startups grew from 2% to 15% (Roberts et al., 2015).

Student interest is driving more classroom content on the topic. A 2014-2015 academic year
audit showed that entrepreneurial offerings included 63 courses from departments across the
institute and attracted thousands of registrants (Roberts et al., 2015). As students become more
engaged, technology licensing matures, and the impact of university-based startups grows, the
university's role in the process also matures. Historically universities passively licensed their
technologies which have changed to today, where they actively search for ways to channel IP
into entities to maximize royalties and launch new companies (Thursby et al., 2001). The office
of technology transfer at these schools has become ever more integral to this process as
universities have expanded their role, becoming an integral partner to the larger business
community which connects scientists to the market (Markman et al., 2005).

The success of startups from the university ecosystem is essential because they begin to fulfill
the social contract that Universities have with society. Universities are a principal recipient of
public investment for research and have a perceived obligation to support the translation of this
research into societal benefit. Whereas it is easy to think that discovery is the best metric to
gauge academic success, great discovery is measured by its impact (Stamler et al., 2003).

Founders and their startups exert a ripple effect across economies both locally and globally with
the impact of their technology and the expansion of their team as they scale. This is especially
true of push-based innovation, which often defines new markets. Economic data from the US
shows that startups offer a disproportionate effect on job creation and are a primary driver of job
growth, with new and high-growth young firms accounting for approximately 70% of gross job
creation (Roberts et al., 2015). There are further secondary benefits that provide multiples on
return. There is value in bringing together highly talented individuals and engaging them in new
design and development. Also, each startup's success from an academic setting provides a
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further proof point and reduces the friction to future founders in acquiring the capital needed to
fuel future success. Bringing together interdisciplinary teams with the resources and knowledge
to mature research and their focal technology sets the foundation for future research and work.
Furthermore, while it is difficult to quantify the notion, you can see how the innovation from the
institute drives a much broader impact in lives saved, environmental improvement, and the
evolution of humanity.

The growth of interest in entrepreneurship from the academic setting is particularly important. If
we look at, for example, where academics out of MIT are going to work post-graduation, we see
that they are being employed by some of the largest companies in the world (Graduate
Education Statistics, n.d.). This makes sense, given that their knowledge and experience at the
cutting edge of their research fields make them valuable employees. However, could they
perhaps be even more valuable if they brought their novel solutions to market, addressing some
of the biggest problems our society faces by developing their research and work or that of their
colleagues and classmates? When you see the impact that institute startups have had and then
realize how little of the student body and faculty body goes into private companies, you begin to
see how the impact could potentially scale by improving the adoption rates of entrepreneurship
by the students and staff.

Spin-offs can provide a valuable and viable career option for students and researchers,
particularly in the current job market where there is an excess of PhD graduates in the United
States and limited academic employment opportunities. It has been noted recently that in
markets including the United States, highly trained and educated researchers face a shortage of
academic positions (Boh et al., 2015; Cyranoski et al., 2011). Entrepreneurial efforts to
commercialize technologies generated from their research labs would allow students who do not
have the interest or ability to obtain an academic position to pursue a different but viable career
path that builds on their graduate training (Boh et al., 2015). Imagine the impact of
entrepreneurship becoming a preferred choice for those coming from the research setting.

Challenges with translation

Understanding common reasons startups fail, and the challenges they face allows for
remediation and proactive steps to be taken. You can not avoid challenges but knowing that
they are there and what might cause them may help de-risk this process and improve how you
navigate the creation of a new venture. Before we get into the strategies for success, let us
review points of failure and challenges commonly faced. When looking at hardships faced by
translational entrepreneurs, there are two main groups. There are challenges faced by all
entrepreneurs and then challenges specific to translation.

11
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Figure 1. Top reasons startups fail (Why Startups Fail: Top 12 Reasons L CB Insights, 2021)

Figure 1 shows a list of reasons startups fail from a post-mortem analysis of over 110 startups
(Why Startups Fail: Top 12 Reasons L CB Insights, 2021). Multiple reasons could be listed for
each closure which is why the total percentages sum to over 100%. These points of failure may
have many or a single cause. For instance, the number one cause is "Ran out of cash/failed to
raise new capital". That is usually a symptom of some other failures - if the data is not there if
the milestones are not being hit for reasons that are in the control of the team or not (V.
Beranek, personal communication, October 5, 2022). The inability to raise money is the big
death - the standard advice that venture capitalists and advisors tell founders is that your job is
to not run out of money (V. Beranek, personal communication, October 5, 2022).

It is recognized that Academic spin-offs that utilize technology developed at the university
frequently encounter a range of obstacles that can hinder their ability to achieve their economic
goals. These obstacles often include a lack of resources, technological development
uncertainty, market acceptance, and limited entrepreneurial knowledge and skills (Soetanto &
Jack, 2016; Gredel et al., 2012; van Geenhuizen & Soetanto, 2009). This is a blend of
challenges that arise from the nature of market push innovation. When a business starts with
technology and searches for a market, these challenges present themselves. It makes sense
that funding can be difficult for these startups because of the additional complexity. Not only are
there the conventional risks that venture financers have to grapple with, such as market size
and potential product market fit, among others. There are also technological risks with questions
such as will this work outside the lab, can we manufacture this at scale, or is this a heavily
regulated industry (Knockaert et al., 2010).
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Separately, a significant challenge in both the literature and the interviews is the role of the team
and team dynamics in the failure (V. Beranek, personal communication, October 5, 2022). The
point of failure may be team members who cannot get along, teams who do not trust each other,
individuals or multiple people leaving, or team members unable to execute the plan. The status
and characteristics of the team can be a significant component of the fundraising process. While
a VC analyzes the business holistically, looking at the opportunity and risks present in the status
and perception of the founding team is often critical. This point can be pretty extreme, with this
perspective from Harvard Business Review "...if forced to choose, most VCs would favor an
able founder over an attractive opportunity."(Eisenmann, 2021). The following sections will
discuss more what makes for a good team.

Part of the journey that you, your team, and technology will face is the "valley of death." The
valley of death is part of the beginning of the startup lifecycle at the transition between scientific
research and the commercialization of output technology. This can be a critical point in a
startup's lifecycle, as it requires a significant investment of time, resources, and capital to bring
a product or service to market. During this phase, startups may struggle to secure funding, build
a team, and establish partnerships and customers. The risks and challenges associated with
this phase can be significant, and many startups fail to make it through the valley of death. To
overcome these challenges, startups may need additional funding, which can be challenging in
this phase. As academic entrepreneurs in the early phase, you could be more appropriately re-
labeled translational entrepreneurs due to this large and early hurdle, crossing this chasm from
research to application.

Risk and Failure

The valley of death is just the first chasm you need to cross. There are many others, including
going from science to technology, tech to product, product to a business, and small business to
large business (R. Dhanda, personal communication, December 15, 2022). It is important to
note that failure should not be feared. The world of startups is precarious, and success may be
found even in failure.

Consider the healthcare innovation industry. There have been numerous instances in the history
of medical technology where innovations initially considered unimportant were highly
successful. The track record of scientific journals in predicting the future benefits of innovations
in human health could be better. Many technologies abandoned by research teams and
companies have later been revisited and succeeded. This highlights the unpredictable nature of
technological innovation and the importance of persistence and perseverance in pursuing
transformative ideas (Coller & Califf, 2009).

Translational entrepreneurship is fraught with failure, but there is value in going through the
process. Perhaps beyond all else, what is needed are more shepherds of future academic
research. The amount of research coming from research centers is large. Where there exists a
bottleneck is the human capital which can take the basic research and expand upon it
(Goldstein & Brown, 1997; Contopoulos-loannidis et al., 2003). Without sufficient translational
resources, we cannot keep up with the pace of research. As a result, the scientific
advancements and discoveries made by previous and current generations may not be
effectively translated into tangible benefits for humanity (Sung, 2003).

As one tries to launch a company, one acquires a mindset and sKkill set that can be applied to
future companies. Students should view the commercialization of their lab's technology as a

13



valuable learning opportunity, even if the effort ultimately fails. These entrepreneurial
experiences can benefit students at the beginning of their careers and may help them develop
valuable skills and insights that will benefit them in the future. Moreover, if the spin-off
succeeds, the students may pursue entrepreneurship as a career, either by continuing to
manage the growing company or by taking on a new or different role. No matter the case, the
value of these experiences should not be underestimated (Boh et al., 2015).

We need to increase the pace of translation while maintaining the standards of quality that we
expect for new technology. This is a challenging process, and even the most promising findings
of basic science and research can take a long time to reach the market. It is still being
determined what an optimal translation rate from basic research to practical applications would
be, but current rates appear relatively slow. It is crucial to accelerate the process of evaluating
and adopting new research findings to address this issue. In order to be effective and valuable
contributors to future research and innovation, we must work to improve the speed and
efficiency of this process (Contopoulos-loannidis et al., 2003).
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Chapter 3

PROCESS OF TRANSLATION

It is the founder’s job to navigate the process of spinning your research out of the lab and into
the market. The notion of the market may mean different things to different teams or
technologies. Not every technology necessitates starting a for-profit company, nor does it mean
venture capital is the required funding type. There are many paths, including for-profit, not-for-
profit, venture capital funding, angel investment, government grants, and more.

The following sections will provide some context on just some of the dynamics you will need to
consider as you bring your work from the research setting to the market that works for you.

There is a high degree of variability in this process, so while you are reading, please note that
there are many ways to accomplish the goal of bringing a novel solution to market.

Steps of spinning out

STAGES OF
TRANSLATION
1 2 3

RESEARCH SPARK MATURITY IP FUNDING

This process begins with Considering the key factors Having access and
the research happening of maturity central spinning ownership of the intellectual
at the university setting. outa tec\ﬁnology from the property central to this
Whether this researc university setting. Business, business endeavor
has considered Tec)’wnology, and Team
applications or not. Maturity

Is there the spark that Structuring the business: Structuring the business:
begins the conversation setting up the entity and setting up the entity and
around translation? This is working through the worsf(\'ng through the
the initial impetus formalizing of roles and formalizing of roles and
conmderin% the real-world ownership ownership
applications.

Figure 2. Stages of Translation

These first two sections research and spark are the basis of the translation process. Push
innovation, as was reviewed, is taking a technology from the lab and finding a market for it. This
process is heavily self-motivated and requires a person or persons to recognize its potential and
decide to take on the effort of translation. There are many paths to commercialization, but
among these paths, there are commonalities. These milestones can be helpful in thinking
through what roughly needs to be accomplished as you move forward. These are helpful
guideposts or milestones to remember as you consider your commercialization strategy. The
order presented is only a recommendation and success can be found approaching these
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milestones in a different cadence. Details on these topics will be further covered throughout the
following section.

As you work through the progression bringing novel research to market research shows value in
using your time in the university setting as an informal incubator. Universities often serve as
informal incubators for businesses, providing a space for students and faculty to come together,
form teams, and explore the possibility of commercializing technology developed in research
labs. Using their time at university as an informal incubation period, students and faculty have
the opportunity to refine the technology and develop strategic plans, which can help to reduce
the market and technological risks associated with the venture. In this way, universities can play
a crucial role in the success of academic spin-offs (Boh et al., 2015).

While not a formal incubator, attending university, students have the unique opportunity to work
in the early stages of an academic spin-off without having to forgo a paid job. This allows them
to explore their entrepreneurial interests and gain valuable experience without incurring the
opportunity cost of leaving the job market. Using time while still affiliated with the school,
students will have gained sufficient knowledge and information about the venture to make an
informed decision about whether to pursue it full-time. This incubation period allows students to
evaluate the potential risks and rewards of working on the spin-off and make a well-informed
choice about their future career path. Overall, the university environment can provide a
supportive and low-risk environment for students to explore their entrepreneurial ambitions and
make informed decisions about their future careers and the technology they are working on
(Boh et al., 2015). This time in the university setting offers a crucial period not only to mature
and develop a concept but also for a founder to develop the necessary skills and understanding
to undertake this effort.

One of the major uncertainties in launching a business based on university research is
determining the right time to leave the lab and school and start the company. No definitive rule
or clear signal indicates when it is time to make this transition. However, some general
guidelines and considerations can inform this decision and explain the moment of readiness.

The head of MIT Deshpande Center for Technological Innovation explained the challenges of
correctly timing the spinout. The goal is to bring the technology out of the lab as soon as it is
ready, but not before. Finding the right balance and timing is important, as taking it out too early
or leaving it too long can pose problems. If the technology is brought to market too early, it may
not be ready for commercialization and struggle to secure funding or attract the right investors.
On the other hand, if it is left in the lab for too long, it may miss out on growth opportunities and
may be held back by the resources and support available at the university. Ultimately, the goal
is to get the technology to a point where it is ready for funding and can take off on its own, but
this process requires careful planning and evaluation to ensure success (L. Sandler, personal
communication, October 19, 2022).
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Business Maturity Team Maturity Technical Maturity

The expertise, skills, and experience of Business maturity involves Technical maturity reflects the current
the team members will significantly understanding the potential market for a status of the technology but also the
impact the ability of the company to solution and identifying the key players clarity of the path forward.
achieve its goals and reach its potential and resources needed to realize that « Technology Readiness Level
« Right mix of expertise, skills, and potential. « Factors and stakeholders which
experience « Pitch Deck influence readiness
« Solo founding vs. confounding « Type of business structure « Develop proof points and/or
« On campus methods for maturing » Quantify market size and potential milestones
» Team cohesion and commitment impact + Scalability and/or manufacturability
« Interdisciplinary team « Landscape analysis of stakeholders, + Cost side of unit economics
potential partners, competitors
« Unit economics both potential
revenue and costs
« Funding options
« Intellectual property

Figure 3. Three Pillars of Maturity

According to research and interviews, there are three main areas that founders should focus on
to ensure their venture's success. These areas are technical maturity, team maturity, and
business maturity. The level of maturity in each of these areas will significantly impact a
founder's ability to secure funding, meet milestones, and achieve other key objectives. It is
important to note that maturity does not necessarily mean that these areas must be fully
developed from the outset but rather that they should evolve and improve over time. Maintaining
focus on these three areas is crucial for a startup's long-term success.

No one-size-fits-all level of maturity is required across the technical, team, and business areas.
Instead, a company's overall level of maturity should be viewed as an aggregate of its progress
and capabilities in each area. As such, companies can spin out and achieve success with
different levels of maturity in each of these areas. The examples provided in the case studies in
section five demonstrate this point, showing that companies can succeed at various
development stages in these areas.
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Technical Maturity

Technical Maturity

Technical maturity reflects the current
status of the technology but also the
clarity of the path forward.
» Technology Readiness Level
« Factors and stakeholders which
influence readiness
« Develop proof points and/or
milestones
+ Scalability and/or manufacturability
 Cost side of unit economics

Figure 4. Factors of Technical Maturity

Technical maturity or technical readiness can be highly variable, especially as a business spins
out of the lab setting. This is not surprising, given the long-time horizon that academic
entrepreneurship tends to be on. It also requires partnership and collaboration with many
stakeholders across a broad network. Technical maturity reflects the current status of the
technology, but also the clarity of the path forward. To be successful, you do not need to work
alone through this process. There are many resources to help. A considerable body of work
highlights the relevance of collaborative research, contract research, consulting, and informal
relationships for university-to-industry knowledge transfer (Perkmann et al., 2013). Ultimately,
you need to figure out what the path is - what will it take to get to users (R. Langer, personal
communication, November 30, 2022).

Basic research and science are crucial for establishing the technical maturity of a novel solution,
but they are not the only factors to consider. A founding team must also gain confidence in the
solution's technical maturity by achieving milestones and meeting objectives over time. In order
to gain confidence in the technical maturity of a solution, it is essential for a founding team to
consistently progress and demonstrate their progress through specific benchmarks and
achievements. A model that was first developed by NASA, the Technology Readiness Levels
(TRL), offers nine levels which represent the maturity of a technology going from Level 1 having
to do with the basic principles such as the fundamental research observed and reported to a
Level 9 which is having a user ready technology (Tzinis, 2012). Many companies have adopted
and evolved the TRLs to better represent their industry or company, and this can be a great
methodology for thinking about your path to user.
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As you consider technology readiness there are many factors that go into what it means for a
technology to mature. Innovation in the healthcare industry is a good example of the importance
of considering these multiple factors beyond just the scientific rationale of a solution. For a
technology to be successfully translated and commercialized, it is necessary to evaluate a
range of criteria that includes the consistency of data from multiple disciplines, the use of
biologically and medically plausible conditions in assay development, and the potential for off-
target effects based on known mechanisms. Consider these factors early, as they may inform
the need to redesign the technology to achieve greater specificity and effectiveness. Overall, it
is crucial to consider a range of factors beyond just the underlying scientific rationale when
evaluating the translational potential of a technology (Coller & Califf, 2009).

Another aspect of technical maturity is the ability to define key proof points that demonstrate the
progress and potential of the technology. At the early stages of the entrepreneurial journey, the
technology may not fully reflect the final vision. However, it is important to be able to
communicate the path that will be taken to bring the technology to its full potential and how
progress is being measured along the way. This is also important for estimating how much
money it will take to reach those milestones (R. Langer, personal communication, November 30,
2022). This is important for convincing potential investors, stakeholders, partners, and
customers to believe in the vision and invest in the technology. Defining key proof points can
help show the path to technical maturity and may also be used by potential funders to release
additional rounds of investment (a topic discussed further in the next section on Business
Maturity; C. Elkins, personal communication, October 6, 2022). In short, clearly communicating
the path to technical maturity and demonstrating progress along the way is an important aspect
of technical maturity for any startup.

When evaluating the technical maturity of a product, it is important to consider its underlying
scientific basis, scalability, and manufacturability. Can the technology be produced easily and at
a reasonable cost? What will be the costs of bringing the product to end users? These are
important questions as academic investigators may not have the knowledge or expertise to
understand industrial-scale production's scientific and regulatory complexities. Additionally,
some compounds and devices may be more expensive to manufacture than others, which can
significantly impact the project's economic viability. Therefore, it is crucial to consider these
factors from the beginning of the project to ensure the technology's success in the long run
(Coller & Califf, 2009).
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Business Maturity

Business Maturity

The expertise, skills, and experience of
the team members will significantly
impact the ability of the company to
achieve its goals and reach its potential

« Right mix of expertise, skills, and

experience

« Solo founding vs. confounding

« On campus methods for maturing

» Team cohesion and commitment

+ Interdisciplinary team

Figure 5. Factors of Business Maturity

Business maturity involves understanding the potential market for a solution and identifying the
key players and resources needed to realize that potential. An essential part of communicating
the details of a solution and outlining a plan for its operation is the "pitch deck," a presentation
that showcases the business plan for a new venture. A strong pitch deck should include a clear
description of the problem being addressed, a unique solution, a viable business model, and a
strategy for bringing the product or service to market (Krukowska, n.d.). Whether presenting to
investors, partners, customers, or potential team members, effectively communicating these key
elements is crucial for the business's success.

Before you are able to develop valuable business insights you need to understand who your
end user is and who will pay for this. A key limitations of push innovation is the concept of a
solution in search of a problem to solve. As you begin to search for your market you will need to
develop a deep understanding of the stakeholders and their needs. An invaluable resource in
building this understanding is getting out and talking to potential stakeholders. This is a
fundamental component no matter if you are doing push or pull innovation. There are structured
formats that are recommended for this process and resources available to help support teams
such as the NSF iCorps program which a link is provided to in the resource section. Talking to
users and stakeholders allows the team to develop empathy for the role this potential solution
might play in the user journey. It helps the team begin to understand the variables that are
crucial and valuable to the various stakeholders, and how a solution might begin to support their
needs. Doing user interviews should start at the very beginning of the translation process and
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should continue as a consistent part of your business process. The insights you gather will be
key factors in putting together your pitch deck.

A pitch deck will help demonstrate the team's business acumen and completing the pitch deck
will help you understand expectations and requirements if you do not have a business
background. We will not be going into depth on what a pitch deck should consist of because
there are copious amounts of online information to this end; links can be found in the resources
section. We recommend the resources available at the Martin Trust Center or the contenton Y
Combinator or Techstars online toolkits. It is important to note that you do not need to have all
of the answers; instead, use your time in the University setting to begin filling your gaps in
knowledge and build a network that can support your endeavors.

One of the critical early business factors is the potential size of this market and what you are
trying to achieve. Knowing your goals for the entity and your work there will help you make
decisions that impact development and growth. Part of this is what type of business or entity you
are trying to create. You may be trying to build the next fortune 500 company, or you may be
building a non-profit driven by factors other than money. This decision will impact how you raise
funds, by whom, and how you structure your path to market. For the sake of this paper, we will
focus on for-profit entities and businesses aiming to generate revenue as a primary goal,
perhaps in concert with other goals such as impact.

In order to develop your business skills and understanding of the market opportunity for your
product or service, it can be helpful to consider the "total addressable market" (TAM),
"serviceable available market" (SAM), and "serviceable obtainable market" (SOM) as reflected
in your pitch deck. By asking yourself questions about the market's size and potential, you can
better understand your startup concept's economic viability (Chi, 2021). These figures help you
determine whether the size and type of market indicate a high likelihood of economic success
for your venture. Overall, understanding the market potential of your solution is an essential
factor in developing a successful business plan and achieving long-term success (Coller &
Califf, 2009).

It is vital to understand not only the potential market size for your product or service but also to
personally assess whether this represents an ample enough opportunity to justify the time and
energy required to bring it to fruition. You can use a top-down or bottom-up approach to
calculate the TAM, SAM, and SOM figures reflected in your pitch deck. Both approaches have
their advantages and can be appropriate in different circumstances. A wealth of information is
available online to help you understand these approaches and determine the most appropriate
one for your situation. Ultimately, the goal is to ensure that the potential outcome of your
venture is worth the effort required to bring it to life.

The potential market size is also important as it impacts your ability to fundraise from venture
capital if that is your intended path. There are many avenues of fundraising, and venture capital
is just one of them. There are certain types of investors who work at different phases of maturity
or with varying focal industries. Many variables go into what potential investors may engage with
your entity. This topic will be important for you to understand as you launch your business out of
the university.

Along with understanding the potential size of the business, it is vital to understand the
landscape around the potential business. Who are the stakeholders, competitors, and potential
partners? A potential partner who will work with you has been shown to impact the odds of
success of university spinouts (Contopoulos-loannidis et al., 2003; Crowley, 2003; Coller &
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Califf, 2009). Having an author affiliated with the pharmaceutical or biotechnology industry was
associated with an eight-fold to ten-fold accelerated process (Contopoulos-loannidis et al.,
2003).

A business variable that will be important to develop and improve your understanding of over
time is the unit economics. Unit economics refers to the economics of a single unit of a product
or service. It is a measure of the efficiency and profitability of the production and sale of each
unit of goods or services. In the context of a business, unit economics can be used to evaluate
the financial performance of a company, identify areas for improvement, and make informed
decisions about pricing, production, and other aspects of the business. Unit economics consists
of the potential revenue and the potential costs. Understanding who the end user is, who is the
stakeholder who will pay for this, and how much you may be able to make from them is key to
developing your business maturity. The other side of unity economics is the cost structure of this
product or service. This focuses on items like the manufacturability of what you are producing
and whether you can do so at a reasonable cost (Coller & Califf, 2009) which will flow out of the
technical maturity. Understanding the costs is essential to understanding what you will be able
to make per unit of your product or service. It is understood that this number will change over
time. As the business grows you may get economies of scale, which improve your unit
economics. You may lose money on each item sold, but you need to understand that and have
a possibility and, if possible, a first hypothesis path to profitability. You can demonstrate this
early thinking in your financial model, which captures the assumptions and market dynamics
and paints a holistic financial picture showing how this business might function over the next 3-5
years.

While your business is not self-sustaining, you will need to acquire capital from outside sources
to fill the losses you will incur to get this to market. Understanding how much you need and what
sources this money may come from will be a critical factor in your success in spinning out the
company from the lab—more information on venture capital and fundraising is in the venture
capital section below. Beyond venture capital, funding options include but are not limited to
angel investors, strategic partners, impact investors, government funding sources, and
foundations. However, they are a common option for higher-risk early-stage companies. Impact
investors often have a thesis and impact area they are focused on, and part of their key
consideration is the type or scale of impact you potentially offer. There are government grants
for startups or within specific industries. As discussed previously, there are also the strategic
partners who are stakeholders, who may impact your business as it grows, and who may invest
due to the value they see in the business's future.

The final topic for this section is the defensibility of your solution. This most commonly takes the
form of intellectual property or IP. This is a crucial component of building a technology-based
business. Not having IP or some barrier to entry may limit options for fundraising. Intellectual
property is critical to pursue when and where possible due to the monopolistic nature of what it
provides for your business as you work to grow and develop. The US patent system, protected
by the Constitution and established by the founders of the United States, was designed to
promote the public good and advance technological progress by encouraging the dissemination
of knowledge. Its purpose is to incentivize innovation and encourage sharing of new ideas and
technologies. However, some academic investigators may oppose patenting inventions as they
believe it conflicts with the free exchange of knowledge (Coller & Califf, 2009). Coming from the
research setting, if you are interested in building a business from the research you are working
on, you should be protecting your invention and publishing it (R. Langer, personal
communication, November 30, 2022). At MIT, the Technology Licensing Office is the critical
stakeholder in the IP process. More about the TLO in additional considerations.
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Figure 6. Factors of Team Maturity

The organization's human capital, including the founding team and any additional members
brought on as the company grows, is a crucial factor in the success of the startup. The
expertise, skills, and experience of the team members will significantly impact the ability of the
company to achieve its goals and reach its potential. As such, it is important for startups to
carefully consider their team composition and continuously strive to build a solid and capable
team. This section explores team maturity and factors of import as teams look to build
companies out of the university setting.

The team is a central item of note for potential investors in early-phase companies. From the
investor's point of view, when evaluating the founding team, it is important to consider whether
the team has the right expertise, skills, and experience to achieve the company's goals.
Assessing these factors is both an art and a science, as it involves evaluating the team's ability
to persuade and inspire others and their practical skills and experience. There is a lot of
interfacing and support for many early investors, so they are also asking if they want to work
with this team. Ultimately, it is crucial to carefully evaluate the human capital of an organization
in order to ensure that it has the right people in place to drive success (V. Beranek, personal
communication, October 5, 2022).

Some prospective founders may consider going the solo founder path. This is doable but not

advisable for someone starting a company on their own. MIT researchers found that solo
entrepreneurs are "considerably less likely to build successful companies than were team". This
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factor is so important that it has become a mainstay in curriculum design for entrepreneurship, a
team-based approach, in many classes (Roberts et al., 2015). This message is repeated in
many forums, such as Y Combinator, one of the leading accelerators. "Our advice remains that
one-person startups are tough, and you are more likely to succeed with a co-founder."
(Frequently Asked Questions, n.d.).

While finding a partner or partners to work with on your startup can be beneficial, it is important
to ensure that you find the right partner or partners. According to research, science-based
entrepreneurs should know that their involvement and commitment will be essential for
successfully commercializing their technology (Knockaert et al., 2010). It is also important to
consider adding team members with a commercial background to the founding team, as they
can bring valuable knowledge and experience to the table. However, science-based
entrepreneurs may be hesitant to bring on team members with a commercial background. They
may worry that these individuals will not fully understand the technology and will try to rush the
product to market too quickly. One way to alleviate these concerns is to consider adding team
members with both a technical background and commercial expertise. However, it is important
to note that simply having commercial experience on paper does not guarantee that an
individual has a commercial mindset (Knockaert et al., 2010).

Many options are available for filling the positions on the founding team and beyond. Teams
may include faculty principal investigators (Pls), experienced entrepreneurs, PhDs, post-
doctoral students, and business school graduates (Boh et al., 2015). That said, graduate
students play a critical role in the spinning out of businesses. The students involved in these
academic spin-offs are often knowledgeable about the technology and highly motivated to bring
it to market. They have access to expertise within and outside the university, and their
opportunity costs are relatively low as students. While they may need more formal business
expertise and experience, our research suggests that with the appropriate support from the
university and broader networks, they can effectively navigate the transition to private funding
(Boh et al., 2015).

Team maturity examines the readiness to launch and run a company. Only some people
straight from their studies are ready to commit or capable of fundraising. Again, this is where
academia is valuable as a proving ground and space to learn and grow. For instance,
fellowships exist to help the team learn what it takes and how to climb the learning curve. It
provides the space to see if they can build a team around their cause (V. Beranek, personal
communication, October 5, 2022). It comes back to this idea of the university as a form of
incubation, where you and your team learn and develop the necessary skills or find others to
support your mission. To that end, there is no replacement for doing the work and getting the
experience. This may mean getting yourself out there to develop your network in the relevant
space or getting internships and jobs that provide an interface with areas of professional work
that may benefit your entrepreneurial process (R. Langer, personal communication, November
30, 2022).

Team cohesion is a function of independent team members' ability to work together and is a key
factor in successful teams (Martens & Peterson, 1971). You want to build and develop a
cohesive, committed, multidisciplinary team. Team cohesion allows the team to grow and
develop, often through uncertainty, and for team members to build trust in each other (T. Knight,
personal communication, October 11, 2022). Getting a new team to a point where there is
mutual trust and engagement is challenging and comes down to the role of management in
creating a culture and facilitating communication. You must create a space where it is okay to
make mistakes and to say, "l don't know." Teams have to be accountable, and they need to be
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open with each other. You do not single people out, and you share mistakes (C. Elkins,
personal communication, October 6, 2022).

Perhaps the most difficult for team members at this phase is commitment. Commitment is the
question that each team member needs to ask: are you here for the long journey ahead? A
leader might ask: who is willing to spend the next five to ten years in this startup? If people are
anything but committed, it will likely not happen (L. Sandler, personal communication, October
19, 2022). This is because starting a business requires a significant investment of time, energy,
and resources, including financial, intellectual, relational, and emotional resources (Brodack &
Sinell, 2017; Parente & Feola, 2013). Entrepreneurial commitment is crucial "for a potential
venture to be taken forward from a vision that the researcher has created in his mind, to the
formation of a running business" (Parente & Feola, 2013). In the field of organizational behavior,
commitment is typically defined as a strong emotional and psychological attachment to an
organization and its goals. It can be demonstrated through identification with and involvement in
the organization's projects (affective commitment), a sense of willingness to put in the significant
effort (normative commitment), and a desire to remain a part of the organization in the long term
(continuance commitment). Commitment is important because it can impact an individual's
motivation, effort, and engagement in their work and their likelihood of staying with the
organization (Brodack & Sinell, 2017; Meyer & Herscovitch, 2001; Mowday et al., 1979)]
Building and developing a team with all three types of commitment is important.

The last factor is the importance of an interdisciplinary team. According to research from MIT,
startups with co-founders from diverse or complementary disciplines, such as engineering and
management, tend to perform better and have stronger foundations for future success. The
most successful startups are often co-founded by individuals with technical expertise and those
with experience in marketing or sales (Roberts et al., 2015). Interdisciplinary teams, made up of
individuals with diverse skills and knowledge, have been shown to be effective in engaging with
their ideas, maintaining productive interaction, and successfully implementing those ideas. This
is because they can bring a range of perspectives and approaches to problem-solving, which
can be beneficial in helping to overcome challenges and develop innovative solutions.
Additionally, interdisciplinary teams can foster a culture of collaboration and open-mindedness,
which can be crucial in driving success in the highly dynamic and constantly changing world of
startups and innovation (Brodack & Sinell, 2017). Diverse teams have even been shown to
reduce the time to the outcome compared to other firms (Beckman et al., 2007).
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Chapter 4

ADDITIONAL CONSIDERATIONS FOR TRANSLATION

Incorporation and Equity Split

Incorporating your business is when you have selected which type of legal entity you plan to be
and file the paperwork to be legally recognized as an entity. This can be done on your own, but
it is recommended that you utilize legal support services to ensure that you are optimally setup.
There are many law firms that specialize in early phase startups. When you are looking for
counsel, it is a good idea to have multiple conversations to find a person or team that you work
well with. It is generally understood that a very early-stage startup does not have the resources
to support paying the fees of a law firm, but it is possible to find a partner who will allow you to
defer expenses for a period of time or until a financial milestone is reached. This can and should
be a part of your conversations as you are trying to find your legal partner as they can be a
valuable resource as your entity grows.

Part of the formalization of the legal entity is ownership equity and establishing the capitalization
table. The capitalization table is a record of the equity ownership in a company. It shows the
number of shares of stock owned by each shareholder, along with the percentage of ownership
each shareholder has in the company. The process of incorporation is an important period
where the founding team can and should sit down and sort through the formalization of the
previous conversations around commitment, roles and responsibilities and much more. The
equity split is only a portion of this greater, ongoing, conversation but it represents a good
opportunity to ensure that you as a founding team are on the same page.

Determining the equity split between the founders of a startup can be challenging and complex.
There are many factors to consider, including:

e The roles and responsibilities of each founder

e  The amount of time and effort each founder is committing to the company

e Outside investments or contributions being made to the company

It is crucial for founders to have open and honest communication about their expectations and
to seek legal advice to ensure that the equity split is fair and aligns with the company's long-
term goals. Ultimately, the equity split should reflect each founder's value and be flexible
enough to account for changes in roles and responsibilities as the company grows and evolves.

This process is further compounded coming out of the academic setting due to potential Pl or
professor involvement as well as the school. There are some general guidelines to consider
when approaching these difficult conversations. First off, an even split between founders is
rarely the best choice. Building in a structure that allows for flexibility and a changing
environment is crucial to manage from the start (Buchanan, 2014). Also, academic founders,
who may or may not include professors or Pls, take a historical perspective looking at the equity
split through the lens of the work that has been done so far. This is not the recommended
approach. Leon, the head of one of the entrepreneurial centers on MIT's campus, the
Deshpande Center, which has worked with countless startups out of the academic setting,
recommends that equity should split based on the contribution going forward. Leon’s questions
are: what value do you bring and what risk are you taking (L. Sandler, personal communication,
October 19, 2022). More resources to review and consider will be provided in the resource
section.
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Intellectual Property and Technology Licensing Offices (TLO)

Intellectual property is often a central component to a university spinout. Having a defensible
technology means that you are able to block others from moving into this space by copying your
technology. It is said that intellectual property and having a patent confers a legal monopoly
(Blair & Wang, 2017). Having a patent or patent portfolio along with an intellectual property
strategy can be central to building a successful business. These patents hold value in and of
themselves and it is possible to buy and sell patents or the right to use patents. Furthermore,
having this patent in place gives you a time bound period within which you will be able to work
to develop that technology without competition. A defendable idea can mean patenting, but it
can also utilize a trade secret, copyright, or trademark. Having a defendable idea is very
important for a new company to reduce pressure of competition and to help in the fundraising
process. Central to this process at the university setting is the technology licensing office.

University technology licensing offices play a crucial role in facilitating the formation and
success of startups based on technology developed at the university. These offices protect and
commercialize the intellectual property developed at the university, and they help connect
entrepreneurs with the resources and support they need to turn their ideas into successful
businesses. This includes assisting with the licensing of technology, identifying potential
partners and investors, and providing guidance on legal and business matters. By working with
technology licensing offices, startups can access the expertise and resources they need to
navigate the complex process of bringing new technology to market and scaling their business.

At MIT, the TLO is a partner in entrepreneurship. "Our mission is to move innovations and
discoveries from the lab to the marketplace for the benefit of the public and to amplify MIT's
global impact. We cultivate an inclusive environment of scientific and entrepreneurial
excellence, and bridge connections from MIT's research community to industry and startups, by
strategically evaluating, protecting, and licensing technology." (About the TLO | MIT Technology
Licensing Office, n.d.). As you complete your research and are ready to publish, the TLO should
be engaged to help with the disclosure process (About the TLO | MIT Technology Licensing
Office, n.d.; B. Rockney, personal communication, October 20, 2022)]. Protecting your asset
often starts with a provisional patent application which provides you protection for 12 months
with the option to file for a patent at any time during that period (Provisional Application for
Patent, n.d.).

As stated in the mission, the TLO is motivated to get MIT's research to market. There are dual
factors within that: first, there is the money-making potential of these inventions, which benefits
the university with licensing agreements from the use of the technology. Second, there is also a
motivation to benefit society with the research conducted at the school. The TLO is a central
catalyst for achieving that societal outcome.

After your novel invention has been protected with a provisional or complete patent, consider:
when and how should you engage with the TLO in your entrepreneurial path? Engagement is
recommended when your entrepreneurial plans are maturing, and you are considering spinning
out of the lab. The option is the most common agreement between a startup and the MIT TLO.
This is a low-cost method of obtaining the rights to use the technology in a business. It works as
a promissory note to license and can be constructed and approved relatively quickly (B.
Rockney, personal communication, October 20, 2022). This allows you to go to potential
funders and have a document guaranteeing the right to use the technology. Also, part of this
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discussion with the TLO can involve exclusive rights to the technology. This option functions as
an option to license the technology at a future date if the option is executed by the receiving
organization (B. Rockney, personal communication, October 20, 2022).

The TLO does have to balance between its stakeholders. In a case where multiple named
participants are on the IP; it comes down to a discussion between the parties to sort out who is
taking what rights to the intellectual property between the professors and researchers. Another
factor that they must consider is the odds of success. Their goal is to see MIT technology in the
market. To that end, when you contact them about licensing technology, they will want to
engage you around your ability and capacity to bring this to market. This can be complicated if a
prominent player in the market is also interested in the technology. However, special
consideration is generally given to the MIT academic entrepreneurs (B. Rockney, personal
communication, October 20, 2022).

Lastly, what does this agreement look like? The TLO has a body of prior options and usually
starts with a template. From that starting point, the options construction is a conversation, and
much of the language is customizable. The agreement may consist of one or many "cases"
which are inventions (B. Rockney, personal communication, October 20, 2022). Packaging
multiple cases into a single agreement is not linear in terms of costs or outcomes. The number
of cases, as well as the importance of the IP to the endeavor, does impact the agreement. If the
IP is broad and foundational, then MIT can ask for more (B. Rockney, personal communication,
October 20, 2022).

Raising Funds

Angel Investment

Angel investors are individuals who provide capital for a startup in exchange for ownership
equity. They are typically high-net-worth individuals who invest their own money in early-stage
or startup companies. The amount of money that an angel investor invests can vary greatly.
Some angel investors may invest as little as a few thousand dollars, while others may invest
hundreds of thousands or even millions of dollars. It is common for angel investors to invest
between $15,000 and $250,000 in a startup.

In addition to providing capital, angel investors often bring valuable expertise, networks, and
mentorship to the table. They can provide valuable advice and guidance to the entrepreneurial
team, helping them to navigate the early stages of starting a business. They may also have
extensive networks that they can tap into to help the startup find customers, partners, and other
resources. Angel investors may also have a personal interest in the success of the business or
industry. They may be willing to go above and beyond in supporting the team to see the
business succeed. Overall, angel investors can be a valuable asset to an entrepreneurial team,
providing financial resources and their expertise and connections.

Venture Capital

For many fledgling companies, venture capital is the goal. So, the question becomes, what is
venture capital thinking about in terms of early investments? While venture capitalists are
looking at many factors, central to their ability to invest is a ratio between the total potential of an
opportunity and the total risk. You can motivate the total top-line potential and prove that the
risks are manageable and that there is a path to retiring risk. In that case, there is a theoretical
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sweet spot for each VC where they become interested in investing. Your goal as a founding
team is to prove these components out (O. Kozlowski, personal communication, December 8,
2022).

This is where the previous discussion on TAM, SAM, SOM, competitor landscape, partner
landscape, the path to the customer, and many other factors from the maturity section comes
into play. A word of caution on taking on investment. An investor is a long-term partner. Once on
your capitalization table, these people or entities will have a say in your business, often for
years. This can be fantastic when an investor is aligned with your mission and vision,
understands your space, and has a track record of working well with founders. However, it is not
always a great relationship. So, when considering taking on investment, you should consider
carefully who they are and how they work. Choosing your investors is not always a luxury you
have, but when the choice is available, you should proceed with careful deliberation.

Government Funding

US government funding for startups commonly comes through the Small Business Innovation
Research (SBIR) and Small Business Technology Transfer (STTR) programs. These are
competitive, merit-based grants offered by the US government to encourage small businesses
to engage in research and development that has the potential to lead to technological innovation
and commercialization. These programs fund small businesses to conduct research and
development work in partnership with a research institution, such as a university, to bring
innovative ideas to the market (SBIR.gov, 2019).

The SBIR program provides funding for small businesses to explore the feasibility of their
innovative ideas, while the STTR program requires a small business to form a partnership with a
research institution to conduct research and development work. Both programs have three
phases: Phase | provides funding for small businesses to conduct feasibility studies and assess
the potential of their ideas; Phase Il provides funding for businesses to continue the
development and testing of their technology; and Phase Il provides funding for businesses to
commercialize their technology and bring it to market (SBIR.gov, 2019).

To be eligible for SBIR and STTR grants, businesses must meet specific criteria, such as being
a small business as defined by the Small Business Administration, being at least 51% owned
and controlled by US citizens or permanent residents and being for-profit. The programs are
open to a wide range of industries (SBIR.gov, 2019).

Some examples of government funding resources for American university-based startups such
as MIT include:

1. Small Business Innovation Research (SBIR) program: This program provides grants to
small businesses to conduct research and development (R&D) in order to bring new
technologies to the market (SBIR.gov, 2019).

2.  Small Business Technology Transfer (STTR) program: This program provides grants to
small businesses to collaborate with research institutions on R&D projects.

3. National Science Foundation (NSF): The NSF provides grants to support research and
education in science and engineering (SBIR.gov, 2019).

4. Department of Energy (DOE): The DOE provides grants and funding to support energy-
related research and development (Funding Opportunity Announcements and Grants, n.d.).

5. National Institutes of Health (NIH): The NIH provides grants to support research in
biomedicine and health (SEED - Helping Innovators Turn Discovery into Health, n.d.).
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6.

National Aeronautics and Space Administration (NASA): NASA provides grants and funding
to support research in aeronautics and space (NASA SBIR & STTR Program Homepage,
n.d.).
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Chapter 5

CASE STUDIES

This section will view current companies that successfully navigated the translation process out
of the MIT ecosystem. These are companies across industries with diverse sets of teams and
experiences. By viewing the factors that led to their success, you may better contextualize the
factors discussed throughout this research.

Commonwealth Fusion Systems

Background

Commonwealth Fusion Systems (CFS) is a company working on developing fusion energy. CFS
uses a specific type of fusion called magnetic confinement fusion, in which a plasma (a gas of
ionized atoms) is contained and heated to very high temperatures using magnetic fields. The
company is working on developing a fusion reactor called SPARC, which aims to produce
electricity from fusion on a commercial scale. CFS was founded in 2018.

The founding team had all worked together for years at MIT in a lab working on fusion. The
government had been the primary funding source for this research, but in the early 2010s,
congress moved forward to end its support. The founding team had little experience in business
or fundraising, but they knew that to continue their work, they would need to find a new source
of funding. They began by looking for philanthropic funders interested in funding this vital next-
generation energy source. They used their network and outreach to engage multiple
foundations. However, because of the size and scope of the potential impact and the size of this
potential market, these funding sources recommended that the team start a business, and they
would be more inclined to invest.

Technical maturity

Their technology maturity revolved around the age and maturity of their space and their unique
value proposition of magnet innovation. Tokamak reactors have been around for over 50 years,
and there have been multiple manufactured. For CFS, their magnet is the essential technology
they are bringing to this process. So, the complexity came down to the magnet itself.

Business Maturity

In looking at their preliminary funding round, they realized they could either do a small desktop
proof of concept or go straight to a large-scale milestone. In talking with their mentors and
potential funders, they chose to go for the large proof point and raised a $100M+ series A as
their initial fundraise. This decision was important because the tools and lab required for their
work were a large investment, so fundraising a small pre-seed round would enable them to
move effectively into the space.

The team spent a lot of time leading up to their fundraising efforts developing an 800-slide pitch
deck. This deck began with the conventional slides and was supported by an appendix that they
worked extensively on to answer all the potential questions they could foresee. This effort
showed their deep understanding of the industry and market dynamics and demonstrated their
knowledge of the effort that lay ahead working to develop this technology.
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Team Maturity

At the point the CFS team was considering translation, six people had been involved through
academia. This group became the core team, and they had many conversations working
through who would take on what role. There were team members who were professors who
would likely stay in academia and others who were ready to engage full-time in the company.
They ultimately decided to have three team members launch the corporate entity, and the three
in academic roles stayed at the university. Their shared history of years of working together
enabled them to work through these conversations and figure out roles and ownership. They still
had to convince the investors that they were the team that was fully capable of bringing this
from the research lab to a viable energy source.

Post Launch

With this initial investment, they were able to go to MIT and negotiate a three-year sponsored
research agreement with their team members who were remaining at the university. This
agreement was a win-win because the university had lost the government funding to support the
fusion research and their team required the infrastructure, lab space, and equipment to work
effectively.

The CFS team has recently hit major milestones demonstrating the potential of their novel
magnet technology. Along with this they have raised through a series B and have onboarded $2
Billion in capital to support their continued endeavors (Commonwealth Fusion - Crunchbase
Company Profile & Funding, n.d.).

Ginkgo Bioworks

Background

Ginkgo Bioworks is a biotech company that uses engineering principles to design and produce
biological solutions. Ginkgo Bioworks uses a combination of software, robotics, and
biotechnology to design and create new biological systems for various applications, including
producing ingredients for fragrances and flavors, developing new protein-based drugs and
therapies, and creating sustainable and environmentally friendly products. The company's core
technology is its platform for designing and building custom organisms using synthetic biology.

Technical maturity

The team had spent years working on the genetic engineering to produce purpose-built
bacteria. These engineered organisms can be customized to fit a customers or markets specific
needs. The team was on the forefront of synthetic biology and were actively building a new
industry. By the time the team was preparing to graduate they had a deep understanding of the
technology and high confidence in their ability to utilize this technology for the market. They did
not however have a single use case matured or ready for market as they began the company.

Business Maturity

The team did not deeply understand how their solution fits into the market. They had a novel
technology, but the industry it would work in still needed to be created. So, they began by
bootstrapping their business with limited research funds and money from their faculty team
member. They knew the target, but they needed a product. They were a solution looking for a
problem. They had to explore all industries to determine who had problems they could help with.
They had this bio-engineering solution and, because of their work, knew how and where it could
help.
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They did know from day zero that they wanted to set up a general-purpose laboratory. They
knew they did not want to be deep into a single market early on. With a vast set of potential
application areas, they felt it was important not to focus on just one. They wanted to be creating
the technology that would let them address many market needs.

Team Maturity

Ginkgo was started by a group of graduate students, undergraduate students, and faculty. They
met and worked together through the International Genetically Engineered Machine (iGEM)
competition, which was started at MIT. As graduation began to near for team members, they
looked at their post-graduation options and decided to explore the idea of starting a company.
The concept they were considering was the basis of Ginkgo bioworks. Their core team had a
mutual understanding of strengths and weaknesses and had worked together through school
and iGEM, developing team cohesion. They knew that one of their team members would be
their CEO, and the rest of the team has grown and developed their skills and experience in their
current roles.

Post Launch

Launch for the Ginkgo team was not an immediate leap into outside investment and hyper
growth. They started the company by bootstrapping, working to keep costs down as they
worked to develop the business. They were able to find grants and team members partially
worked in the university as they developed the technology and primarily self-funded in the early
years. Their goal, in this early time was to figure out where and how they would make their
impact.

During this time, they explored quite broadly. They were able to find industry partners and
generate revenue by exploring solutions for various industries. So, while they were founded in
2008, they did not fundraise until 2014, when they were the first biotechnology company to go
through Y Combinator. They have since found success developing their industry and most
recently raised a series B which brought their total funding to over $800 Million (Ginkgo
Bioworks - Crunchbase Company Profile & Funding, n.d.).

Mantel

Background

Mantel has developed a novel solution in the carbon capture space. Using molten salts Mantel’s
technology is able to absorb and regenerate a pure stream of CO2 that can be stored or utilized
(Mantel Launches Carbon Capture Technology to Reduce the World's Atmospheric CO2 and
Help Achieve Net-Zero, 2022). Their team is developing a platform of solutions to reduce
emissions in industries such as industrial heat, cement, steel, and hydrogen. It can also be used
in conventional energy production facilities using coal and natural gas. Mantel was founded in
2022.

Technical maturity

This enterprise came out of the doctoral research of the founder Cameron Halliday. During his
PhD studies, Cameron came across this research on molten salts and their interesting effects
on carbon capture. He was able to dig into this field of research, and it took a few months to go
from scientifically interesting to realize that this could be game-changing. It took four to five
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years to develop the research and write the papers that showed that this was a viable
technology. He used his Ph.D. pursuit to mature the technology: optimizing and understanding
the materials, developing bench scale systems, looking at corrosion, and more. At the same
time, he understood that the carbon capture market was well-established and proven. There
was also a generally established path of technology readiness that was needed to establish a
solution in the space.

Business Maturity

Upon completing his thesis and PhD work, he moved to business studies and pursued his MBA.
He was not focused on the entrepreneurial path at this time but instead was learning more
broadly about business. He was ultimately convinced to apply to a class 15.366 Climate and
Energy Ventures, which draws some important players from the clean energy field. You apply
for the class, which he did, and the goal is to build a team with or without an idea and try and
develop a solution.

They were tasked with understanding the industry, customer discovery, business model
development, maturing the narrative, and more. Cameron found this very helpful because he
had come from this world of research. As he explained, PhDs tend to get bogged down in
experiments, engineering, and dealing with limitations. He had lost sight of the big picture, but
you need to realize that if you can solve these problems, you can solve a major global problem.
While he was studying for his MBA, the market need, and ecosystem were also maturing.

Team Maturity

The MIT class 15.366 brought together a multidisciplinary group. The class interest in his project
led to the development of a seven-person team. Due to the nature of the class being about real-
world applications they were able to work together and begin to build the team dynamics that
would carry the concept forward.

Meanwhile, through his MBA studies Cameron had begun to de-risk himself. He did this through
getting internship work experience and an offer from a prestigious consulting company. He was
coming into the final year of his study, which ended up being his runway. It took 12 months to
develop the narrative and to realize this was something that he could build a business.

He used this final year to build a team using his classroom partners and the broader school. He
also began working with the TLO to build the licensing agreement. He also had to navigate the

conversation with the faculty he had worked with on his research. Ultimately, his team was able
to begin fundraising and finalize their term during the summer after graduation.

Post Launch

Through the network they developed out of MIT and the surrounding community the team was
able to spin out and fundraise. They have since worked closely with this network they have
developed, even having The Engine (The MIT built VC fund) participate in their fundraising.
They recently closed their Seed round and have raised a total of $2 Million in funding (Mantel -
Crunchbase Company Profile & Funding, n.d.). The team is continuing to grow and develop
working to bring their technology to market.
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Chapter 6

SYSTEM LEVEL MODELS OF SUPPORT

The process of translation is ambiguous and challenging but the results can not only enrich the
team, but also the university, and society as a whole. This paper explores variables for the team
to consider and attempts to provide supporting material which the founder/s could use to
consider their path through translation. A topic for future research should include what institution
resources may be leveraged to further improve this process. With all of the potential benefit
hinging on the ultimate success of the fledgling company there have been some interesting
advancements in systemic approaches to supporting translation. This is a movement toward the
university increasing its role as a partner in the founding process. This can take many forms
from providing space and resources for student entrepreneurs to work or taking a more direct
role by injecting entrepreneurial resources into the research process.

An example of universities creating more space and providing resources for students to pursue
entrepreneurship is the MIT entrepreneurship ecosystem which includes the Sandbox fund and
the Martin Trust Delta V incubator. The Sandbox fund provides up to $25,000 for student teams
and provides direct mentorship from industry experts. This creates a collaborative environment
that pushes students to improve their entrepreneurial endeavor over time before hopefully
launching out on their own. The Delta V is a university supper incubator program which accepts
a set of teams and provides them with an exhaustive and engaging program to focus on their
startup for a summer. This includes financial resources, mentorship, and camaraderie as the
student teams work throughout the summer to bring their startups to life.

The more involved form is what is being done at Harvard’s Wyss program or HAI at Stanford. In
these setting the setting the school is taking specific steps to intercede in the research process
to explore the potential for entrepreneurship. Looking at Wyss specifically, “We employ a unique
model of technology translation within academia. Technologies conceived in our research
laboratories are refined and de-risked technically and commercially by our Advanced
Technology and Business Development teams. Our technologies are licensed to newly-founded
startup companies or industry partners to bring about positive, near-term impact in the world.”
(How We Work, n.d.). Using these technical, business development, and strategic intellectual
property teams they are able to study research even as its still under development to
understand its potential implications. They have a technology innovation funnel that works to
refine, validate, optimize, and commercialize a novel innovation from the lab. Bringing in
resources to support the technology working to ensure that technologies that may provide
impact if spun out are given the consideration and supported needed to attempt it. The goal is to
refine the technology, de-risk the effort, prove out the potential impact and provide a structure
with timelines to move project forward. Ultimately, they prescribe to a natural selection
methodology where technologies that prove themselves given the criteria for the phase of the
funnel it is in continue and those which can’t, don’t move on (How We Work, n.d.).

Beyond the academic setting there are models of venture capital which are working to de-risk
the pursuit of new ideas which may be very beneficial for an academic audience. A venture
studio is one of these models. In this approach the studio works to create and launch multiple
startups within a short period of time, often through the use of a team of in-house entrepreneurs.
This model de-risks being a founder by providing the necessary resources and support for these
startups, including funding, mentorship, and access to a network of industry experts. This model
allows the venture studio to rapidly test and validate ideas, as well as scale successful startups
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more quickly. It also allows startups to benefit from the resources and expertise of the venture
studio, helping them to overcome some of the challenges associated with starting a new
business. An example of this is Flagship Pioneer, out of Cambridge, which develops ideas in-
house as well as using cutting edge technology as the basis of companies out of the university
setting.

These new mechanisms in and around the university setting facilitate the translation of
technology into the market, either through improving the process of spinning out or by creating a
structure for technology to be developed outside of the university setting. With the ultimate goal
of increasing the level of impact from research at the university level, these represent viable
options which might greatly increase the level of success.
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Chapter 7

DISCUSSION

As research institutions continue to define the technology of the future it is essential that the
system for bringing societal value from this work continues to mature. By creating a holistic
system of support around the research and the research teams, we may work to close the gap
between the volume of potentially meaningful research and innovations that make it to market.

Efforts need to be taken to improve our understanding of the intricacies of translation and what
factors might necessitate new or different approaches. To better understand the impacts of
efforts in this space there needs to be an improvement in measuring outcomes. Potential
metrics might include the rate of technology licensing and the mix of who is licensing that
technology be it university affiliated resources or established companies. The volume of startups
being founded by resources out of the university setting and an improved accounting of their
growth and impact over time perhaps measured in financing raised, the number of rounds of
financing secured, customers served, and more.

By improving the measurement of outcomes, a more scientific approach to creating new support
mechanisms can be measured and analyzed. For instance, with the onset of new university
approaches such as the work being done at Wyss, future researchers would benefit from this
data in an effort to understand which models have the most impact. This intern may improve
adoption by institutions across geographies.

Beyond the measurement of new entities being created better understanding the impacts to
human capital in this space would be invaluable in increasing the adoption of entrepreneurial
paths by students, researchers, professors, and more. Better measuring the funnel of talent in
the space and understanding how these entrepreneurs and potential entrepreneurs are
approaching this career choice may help shape future efforts to further expand this funnel.
Further research should be conducted in how to continue to reduce friction to entrepreneurship
to not only spur future success of startups but to create the best possible alternative to the many
PhDs coming out of academia every year who will be essential to future startup success.
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Chapter 8

RESOURCES

This section provides a series of resources for various topics to support individuals or teams in
their efforts of translating technology to industry. This list is not exhaustive but represents the
start of useful resources worthy of considering as you and your team move forward.

General Entrepreneurship Resources:

e A founders agreement is a template for a conversation and structure for discussing difficult
topics like roles and equity. Working through this process as you build your team may help
navigate difficult team conversations. A template is available online through The University
of Pennsylvania.

o https://lwww.law.upenn.edu/clinic/entrepreneurship/startupkit/founders-
agreement.pdf

e The NSF iCorps program is a structured approach to develop your market understanding.
They provide mentorship for groups trying to build deeper stakeholder understanding.

o https://beta.nsf.gov/funding/initiatives/i-corps

e The Y Combinator startup library can answer many questions from how to build a pitch
deck to how to navigate challenges.

o https://lwww.ycombinator.com/library

o Techstars startup toolkit:

o https://toolkit.techstars.com/

MIT Entrepreneurship Resources:

¢  Martin Trust, Center for MIT Entrepreneurship is an excellent resource for entrepreneurship
on campus including courses available on various topics of entrepreneurship, student
organizations, advisors, and more.
o https://entrepreneurship.mit.edu/
e The MIT TLO as discussed, is the organization that works to ensure protection for novel
discoveries.
o https://tlo.mit.edu/engage-tlo/contact-us
e The BU law clinical is a free legal resource for startup teams from MIT who need limited
support or advice.
o https://sites.bu.edu/startuplaw/
e The Venture Mentor Service is an organization that can provide mentors from related fields
who may be able to support fledgling startups from MIT.
o https://vms.mit.edu/
e  The MIT Alumni directory provides a list of former MIT students who may be helpful
resources.
o https://alum.mit.edu/online-alumni-directory-virtual-tour-video
e  MIT Industrial Liaison Program has resources who work with industry partners who can
assist in finding useful connections with potential industry partners and more.
o https://ilp.mit.edu/
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