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STARTUPS ARE NEWLY created
companies with little or no history
of facing high volatility in technolo-
gies and markets. In the US alone,
476,000 new businesses are estab-
lished each month,! accounting for
nearly 20 percent of job creation.?
As such, startups are an important
factor in the economy. However, the

failure rate is still unknown given
the premature state of research.

We present a detailed investiga-
tion and collection of all known em-
pirical software engineering sources
related to startups and their engi-
neering practices, as well as an anal-
ysis of how accurate and reliable this
available evidence is.* We see this as

High uncertainty and rapid evolution
are the two key characteristics

for startups.

environment of startups is dynamic,
unpredictable, and even chaotic,
forcing entrepreneurs to act quickly,
fail fast, and learn faster to find a
market niche and acquire a sustain-
able income. Sixty percent of start-
ups don’t survive the first five years,
and 75 percent of venture capital
funded startups fail.> Most of this
is due to the high risk of startups,
missed market windows, and other
business reasons. To what extend en-
gineering practices impact this high

a first critical step into a largely un-
known area—the world of software
engineering practices in startups.

What Is a Startup, Anyway?

In the past, the term “startup” had
different meanings. Looking at the
recurrent themes (Table 1 offers a
complete list) adopted by researchers
and practitioners, a startup is a small
company exploring new business op-
portunities, working to solve a prob-
lem where the solution isn’t well
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known and the market is highly vol-
atile. Being newly founded does not
in itself make a company a startup.
High uncertainty and rapid evolu-
tion are the two key characteristics
for startups retrieved by the studies,
which better differentiate them from
more established companies.

We retrieved and evaluated em-
pirical evidence by using the system-
atic mapping study approach (see
the sidebar).

Startup Software
Development

“Done is better than perfect” and
“move fast and break things” are slo-
gans you might read when entering a
startup workspace. What stands be-
hind those slogans is a summary of
more than 200 working practices.
We reviewed these to point out where
gaps exist and future development
and research are warranted.

Process Management Is Agile,
Evolutionary, and Opportunistic
Process management represents all
the engineering activities used to
product
startups. Because the flexibility to ac-

manage development in

commodate frequent changes is es-
sential in the startup context, agile
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TABLE 1

Lack of resources

Highly reactive

Innovation

Uncertainty

Rapidly evolving

Time pressure

Third-party dependency

Small team
One product

Low-experienced team

New company

Full organization

Highly risky

Not self-sustained

Little working experience
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Recurrent themes in software startups.

Economical, human, and physical resources are extremely limited.

Startups are able to quickly react to changes in the underlying market, technologies, and product
(compared to more established companies).

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

Startups deal with a highly uncertain ecosystem under different perspectives: market, product features,
competition, people, and finance.

Successful startups aim to grow and scale rapidly.

The environment often forces startups to release fast and to work under constant pressure (terms sheets,
demo days, investors’ requests).

Due to lack of resources, startups heavily rely on external solutions to build their product: external APIs,
open source software, outsourcing, COTS, and so on.

Startups start with a small number of individuals.
Company activities gravitate around one product/service only.

A good part of the development team is formed by people with less than five years of experience and often
recently graduated students.

The company has been recently created.

Startups are usually founder-centric, and everyone in the company has big responsibilities, with no need
for upper management.

The failure rate of startups is extremely high.

Especially in the early stage, startups need external funding to sustain their activities (venture capitalist,
angel investments, personal funds, and so on).

The basis of an organizational culture isn’t present initially.

methodologies have been considered
the most viable process—they em-
brace change, allowing development
to adapt to the business strategy.’
Fast release with an iterative and in-
cremental approach shortens the lead
time from idea conception to produc-
tion with fast deployment.

A variant to agile is the lean
methodology,® which advocates the
identification of the riskiest parts of
a software business and provides a
minimum viable product to system-
atically test and plan modification
for the next iteration. In this regard,

prototyping is essential to shorten
the time to market.

To allow better prototyping ac-
tivities, evolutionary workflows are
needed to implement “soft-coded”
solutions in the first phases until
the optimal solution is found. De-
spite the number of methodolo-
gies that embrace fast prototyp-
ing in development, none of the
processes are strictly followed by
startups. Yet, the uncertainty and
fast-changing needs of startups
drive them to opportunistically
tailor minimal process manage-

ment to their short-term objectives
and adapt to the fast-paced learn-
ing process of their users to address
market uncertainty.

Software Development Is Driven by
Customers who Act as Designers
Startups are under constant pressure
to rapidly demonstrate that they’re
developing a solution that fixes a
real problem.” They’re constantly
optimizing the problem/solution fit.
To achieve it, startups must discover
the real needs of their first custom-
ers, testing business speculations
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EMPIRICAL BODY OF EVIDENCE

A systematic mapping study is a method to structure the empirical evidence
in a particular field of interest.! We identified 43 studies that investigate dif-
ferent aspects of startups and their software development processes. We
also estimated the strength of evidence in this field by assessing the rigor and
relevance of the studies (see Figure A).2 Rigor refers to the precision and thor-
oughness of reporting a study’s design, validity threats, and results. Relevance
refers to the realism of the environment in which the study is performed and to
the potential of transferring results to practitioners.

Our rigor and relevance assessment suggests that the empirical evidence
on the startup phenomenon is still rather premature. A minority—10 of the 43
mapped studies—provides transferable and reliable results to practitioners
(sector A). Similarly, 10 studies provide low rigor and relevance (sector C).
More studies (23) exhibit moderate industry relevance, but with low scientific
rigor (sector B). From this observation, we conclude that it's challenging to
conduct research in an environment in which a lack of resources is a dominant
characteristic. Researchers need to identify efficient means to collaborate with
and study startups.
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FIGURE A. Rigor and relevance of primary studies.

only by defining a minimal set of
functional requirements.®

Several authors acknowledge the
importance of involving the cus-
tomer/user in the process of eliciting
and prioritizing requirements accord-

ing to their primary needs. However,
the market-driven nature of those
requirements also demands alterna-
tives. For example, startups can use
scenarios to identify requirements in
the form of user stories and estimate

the effort for each story. However,
polishing requirements that address
an unsolicited need a waste of effort.
Requirements elicitation methods are
moving toward testing the problem
and understanding if the solution fits
real needs before the product goes to
market (the so-called customer de-
velopment process).”

In the startup context, custom-
ers often steer requirements, and de-
velopers must be ready to embrace
change from day one. The use of
architecture and design patterns to
make features modular and indepen-
dent is crucial when functionality is
continuously updated or removed.
Therefore, employing architectural
practices and frameworks that en-
able easy extension of the design
can dramatically benefit the align-
ment between the product and mar-
ket uncertainty.” This requires some
upfront effort but can prevent the
growth of product complexity.

Scientific evidence also points
to the advantages of constant code
refactoring. Reimplementing the
whole system might be costly and
risky if it must be immediately scal-
able to a growing number of users.
Therefore, some quality assurance
is needed for the functionality that
brings the most value to customers.
The use of ongoing customer accep-
tance through focus groups made
up of early adopters can provide a
time-efficient way to discover major
bugs. But solutions are still scarce
for easily accessible automated test-
ing frameworks and the more practi-
cal user interface-testing approaches.

The Team Is the

Catalyst of Development

Time pressure and lack of resources
often lead startups to adopt a loose
organizational structure without tra-
ditional management hierarchies.!?
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Empowerment of team members
represents the main viable strat-
egy for enhancing performance and
success.!! The team must be able to
absorb and learn from trial and er-
ror quickly enough to adapt to new
emergent practices. Working on in-
novative products requires creativ-
ity—an ability to adapt to new roles
and face new challenges every day,
working overtime if necessary.
Indeed, in building a startup com-
pany, the team needs expertise to
counterbalance its lack of resources.
In addition, having previous experi-
ence in similar business domains and
exhibiting entrepreneurial charac-
teristics (courage, enthusiasm, com-
mitment, leadership) are important
parts of a startup employee’s skillset.
Nevertheless, the absence of struc-
ture might hinder important activi-
ties, such as sharing knowledge and
team coordination, especially when
the company grows. In this case, col-
location is essential to facilitate in-
formal communication and close in-
teractions between team members.

Tools Can Accommodate Product

and Management Changes

Startups can take advantage of the
newest technologies and development
tools without having to worry about
legacy or previous working experi-
ences.!2 But the selection of a technol-
ogy requires some domain- or prod-
uct-specific requirements, which are
typically unknown in the early stages.
startup employees
prefer using those technologies that

In general,

can quickly accommodate change in
the product and its management.!3
Examples include general-purpose
infrastructures, such as configura-
tion management, problem report-
ing, tracking, and planning systems,
and scheduling and notification sys-
tems. Easy-to-implement tools, such
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as whiteboards and technologies
that can handle fast-paced changing
information, will lower a startup’s
training and maintenance costs. To
mitigate the lack of resources, start-
ups often appear to take advantage
of open source solutions when pos-
sible, which also give them access to

late customer feedback increase the
number of perspectives and solutions
available to decision makers. Devel-
opers need the freedom to choose
activities quickly, stop immediately
when the results are wrong, fix the
approach, and learn from previous
failures. In line with the lean startup

Nevertheless, the albsence
of structure might hinder

important activities.

a large pool of evaluators and evolv-
ing contributions.

tartup companies seek to
generate revenue and obtain
funding to continue the de-
velopment, which means that soft-
ware quality isn’t their most criti-
cal concern. To quickly validate the
product, they tend to use agile and
lean methods in an ad hoc manner.!#
Evidence suggests that engineer-
ing activities must be tailored to
the startup context to allow flex-
ibility and reactiveness in develop-
ment workflows. Decision makers
in startups confront continuous un-
predictability; the relationship be-
tween cause and effect can only be
perceived in retrospect.!> Applying
rigorous methodologies to control
development activities isn’t effective
because no matter how much time
is spent on analysis, it isn’t possible
to identify all the risks or accurately
predict what practices are required
to develop a product.
On the other hand, flexible and
reactive methods designed to stimu-

movement, we would expect meth-
odologies and techniques tailored
from common agile practices to spe-
cific startups’ cultures and needs;
failures should be completely accept-
able or even preferred in favor of a
faster learning process.

Reported common practices, which
ride the wave of rapidly evolving tech-
nologies and markets, are as follows:

e use of well-known frameworks
to quickly change the product
according to market needs;

e use of evolutionary prototyping
and experimentations via exist-
ing components;

® ongoing customer acceptance
through early adopters’ focus
groups;

e continuous value delivery, focus-
ing on core functionalities that
engage paying customers;

e empowerment of teams to influ-
ence final outcomes;

e use of metrics to quickly learn
from consumers’ feedback and
demand; and

e use of easy-to-implement tools
to facilitate product development
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and handle fast-paced, changing
information.

Today’s startups are at the fore-
front of applying new technologies
in practice. The growing startup phe-
nomenon opens uncharted opportu-
nities as well as challenges in research.
“Startuppers” need more transferable
and reliable results concerning the di-
versity of context and viewpoints in
the adoption of practices dealing with
high uncertainty. @
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