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Software start-ups are new companies aiming to launch an innovative product to mass
markets fast with minimal resources. However a majority of start-ups fail before
realizing their potential. Poor software engineering, among other factors, could be a
significant contributor to the challenges experienced by start-ups.
Very little is known about the engineering context in start-up companies. On the surface,
start-ups are characterized by uncertainty, high risk and minimal resources. However,
such characterization is not granular enough to support identification of specific
engineering challenges and to devise start-up specific engineering practices.
The first step towards understanding on software engineering in start-ups is definition
of the Start-up Context Map - a taxonomy of engineering practices, environment factors
and goals influencing the engineering process. Goal of the Start-up Context Map is to
support further research on the field and to serve as an engineering decision support
tool for start-ups.

1 Introduction
Software start-ups are small companies focusing on engineering and launching
innovative products fast. Such companies are gaining momentum as important part of
the economy and are central for innovation [1]. However, the failure rate among startup companies is high. Various sources suggest that 75-95% of start-ups fail before
realizing their potential [2], [3]. In 2015 alone, more than $429 billion were invested in
start-ups and given an optimistic 75% failure rate, that amounts to $322 billion wasted
on building unsuccessful products [4], [5]. High failure rates could be explained with
unfortunate market conditions, flaws in a business model, lack of commitment or,
simply put, a bad product idea. However, the impact of inadequate software engineering
practices to the failure rate is largely unknown and could be a significant contributing
factor next to marketing and business issues [6], [7].
Very little is known about the engineering in start-ups. On the surface, start-ups are
characterized by uncertainty, lack of resources and high risk [8], with product
engineering and marketing being the top challenges [6]. However, this characterization
is not granular enough to identify specific challenges or to support adaptation of
engineering practices from other, similar contexts, and subsequently validate start-up
specific engineering practices.

Some engineering challenges in start-ups can potentially be solved by adapting scaled
down practices from established companies [7]. However, lack of understanding about
the engineering context makes adaptation and validation of practices in start-ups
difficult [9]. For example, scaled down agile practices that attempt to address team
collaboration issues, which might be negligible in a three-person start-up. As a result,
ad-hoc adaptation of engineering practices depends on the experience of lead engineers,
but can produce waste, and often delivers unanticipated results [10], [11].
The first step towards start-up specific engineering practices is to understand the
engineering context of start-ups. This enables adaptation and development of start-up
specific engineering practices. A context can be described, for example, by listing factors
influencing the engineering process, and breaking them down [12]. However, simply
listing context factors is not enough. The context description must be presented in a way
that is useful for decision support in practice to be used by practitioners, but also enable
further research on engineering in start-ups.
In this paper we present the
Start-up Context Map, a With software-intensive product engineering we
breakdown and description of understand application of well-understood practices
factors influencing software- in an organized way to evolve a product, containing
intensive
product a non-trivial software component, from idea to
engineering in start-ups. market, within cost, time and other constraints.
Through
detailed The engineering process is influenced by a set of
descriptions
of
factors circumstances, i.e. context. Understanding of context
influencing
engineering is a crucial part of understanding the engineering
processes
the
Start-up process [15].
Context Map is also a decision
support tool, and a repository, containing state-of-the-art and state-of-the-practice
knowledge. Along with the context map we present four use scenarios tailored for both
practitioners and researchers. Notably, the start-up context map is the first attempt to
systematize knowledge pertaining software-intensive product development in start-ups.
Engineers and entrepreneurs can use the Start-up Context Map mainly as an engineering
decision-making support tool, but also to learn from others and share their experiences
with peers. Equally important, researchers can use the map to facilitate transfer of their
research results to practice, and get input from practitioners. In essence the Start-up
Context Map can be seen as a Software Engineering Body of Knowledge for start-ups
that is open, evolving as new experience is gained, and managed by the start-up
community. While the map is at this time still in a draft state, there are currently no
alternatives neither for practitioners, nor researchers, to provide decision support and
to devise better engineering practices for start-ups [13].

2 Evolution of the map
We use the industry-academia collaboration model proposed by Gorschek et al. [14] as a
research framework (Figure 1). The model to illustrates the evolutionary steps of the
Start-up Context Map from inception to an envisioned future. White bubbles represent
completed steps; grayed bubbles show envisioned future evolution of the map.

More than 75% of start-ups fail before realising their potential.
That constitutes of at least $322 billion a year wasted on
unsuccessful projects. Just 1% increase on success rate would
yield another 238 cutting-edge products and reduce wasted
resources by $4.3 billion a year.
Inadequacies in softwareintensive product engineering
practices could be a
significant contributing factor
to high failure rates.
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Figure 1, evolution of the Start-up Context Map, adapted from Gorschek et al [14].

The high failure rate of start-ups poses an economical problem for the software industry
(Step 1, Figure 1). Based on literature surveys and the study of start-up experience
reports, we formulated the working hypothesis that inadequacies in engineering could
be a contributing factor to these high failure rates (Step 2). While start-ups adapt
practices from established companies, such practices are not necessarily suited for startups as they attempt to address challenges not present in start-ups and disregard startup specific challenges [6], [7]. This finding highlights the need to identify and/or
develop, evaluate and validate more start-up specific software engineering practices.
As a first contribution towards start-up specific engineering practices, we present the
Start-up Context Map (Step 3). The aim of the map is to characterize engineering context
in start-ups, thus supporting decision-making in start-ups and providing a foundation to
develop start-up specific engineering practices. We used other context models as an
inspiration for parts of the map. The construction and use of the Start-up Context Map is
presented and discussed in detail in Section Error! Reference source not found..

The map is a continuous work
in progress. For this reason
we have created an online
tool
(http://startupcontextmap.or
g) supporting collaboration
and continuous development
of the map. The functionality
of the tool and its usage
scenarios are described in
Section Error! Reference
source not found. and
illustrated in Figure 2.
We conducted a validation of
the map by linking 88 startup experience reports to
specific nodes in the Start-up
Context Map (Step 4). This
can be seen as a trial of the
map showing usefulness of
the map to systematize
unstructured information as
well
as
validating
the
contents and coverage of the
map. As exemplified in Error!
Reference
source
not
found., statements from the
experience
reports
complement the map with
first-hand
practitioner
experience on specific factors.
To complete Step 4 we aim to
conduct workshops within
the
start-up
research
1
community . Insights gained
from the workshops will be
used to update the map and
prepare it for static and
dynamic industry validation,
shown as Steps 5 and 6 in
Figure 1Error! Reference
source not found.. We expect
to receive specific and
actionable input from the
workshops thus at this point
it is difficult to provide a
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Research method A: Snowball sampling
Snowball sampling is a reference-based method to
systematically discover new papers referenced by a
starting set [1]. We applied the method in 4 steps:
Definition of a start set: We started by a paper by
Petersen et al [2] and looked for other similar papers
aiming to categorize context. We consulted
colleagues and looked into different research areas
for papers aiming to characterize context. The final
set consisted of 5 papers from start-up [4], agile [5],
SPI in small organizations [3] and industrial context
[2] research areas.
Discovery of papers: We performed multiple
iterations of forward snowball sampling until no new
relevant papers were discovered.
Screening: The discovered papers were screened to
remove duplicates, not peer reviewed sources and
papers that do not contain a listing of engineering
context factors.
Sanity check: We performed a backward snowball
sampling iteration to make sure we have not missed
any relevant paper.
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design of subsequent validation steps. However, our overall strategy is to seed the Startup Context Map such that it provides immediate and growing value for practitioners,
stimulating the sharing of data that can be synthesized by researchers.

3 The Start-up Context Map
3.1 Construction of the map
We conducted a literature review with the goal to find existing categorizations of goals,
practices and environment factors from other contexts (see the sidebar on Research
Method A).. From the 1206 discovered papers, we identified 9 studies proposing a
categorization of engineering context. However, none of the existing models were broad
enough, to cover the envisioned scope of the context map – start-up goals, environment
and practices. The existing models are overlapping and even sometimes incompatible
with each other.
Lacking a solid starting point, we created a structure of the map by brainstorming,
plugging-in existing models in our structure and searching for additional studies
supporting each node in the Start-up Context Map. During the construction process we
continuously cross-validated the map with existing models to assure that all relevant
context factors from existing models are placed in the Start-up Context Map.

3.2 Structure of the map
The map is a collection of factors relevant for software engineering in start-ups. It has
three main factors, practices, categorizing engineering practices, goals, categorizing
goals that are relevant for software engineering, and environment, categorizing
environment surrounding the engineering process. Practices, goals and environment
affect each other and must be considered together.
Any decisions in a start-up are driven by goals, thus the characterization of goals is the
first, out of three, main context factors. Decisions are made in a specific environment
that influences the decisions, thus the characterization of the environment is the second
main context factor. Decisions pertain utilization of specific practices in a specific
environment. Thus, the characterization of practices is the third main context factor. The
top panel of Figure 2 shows the overview of the context map. Engineering practices,
environment and goals are the main context factors and are broken down into subfactors.

Internal environment
is split into human capital characterising individual skills
and capabilities, social capital characterising
relationships between the team members and
organisational capital characterising the product and
other tangible assets constituting a start-up company [1].

External environment
is split into market, resources, partners & suppliers
and competition [3].

Management, sales & marketing and business
practices are represented to the extent that is required
to understand their interrelationships with software
engineering.
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practices are divided into software architecture and
user interface design practices. Both are essential to
support quick prototyping and evolution of a product
[5].
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Requirements engineering
is divided into elicitation, prioritisation, release
planning and validation categories. These categories
are central to identify an unmet customer need and
to devise a feasible solution [4,5].
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Software engineering practices
are organised into categories consistent
with SWEBOK, thus supporting a
consistent view on software engineering
and maintaining traceability [6].

Use Scenario 3 - Facilitate transfer of research
results

Use scenario 4 - decision suppert
A
B
C

The map provides scope and fine-grained
breakdown of engineering activities in startups. For example good practices in
requirements engineering and testing. It is
possible to select those that are most likely
relevant for a specific start-up.

Start-up founders

Researchers

The map is a database of start-up experience
reports containing detailed descriptions of
actual start-ups and practices they use

The map is a repository categorizing state-ofthe-art research on product engineering in
start-ups.

Data from actual companies allow to identify
diﬀerences between start-ups and suggest
better context-specific practices.

Example 1

Example 3

Example 5

Example 7

As a founder of a start-up I want to be sure
that I have considered all important aspects
of engineering an innovative product so that I
do not miss any important aspect.

As a start-up founder I want to share my
experience with the community so that other
start-ups can learn from my start-up.

As a start-up founder I want to know what
new practices could be useful to my product
so that I can build a better product and
increase my chances of success.

As a start-up founder I want to know how
other similar companies have successfully
addressed common challenges, such as
uncertainty of what features users want, so
that I can focus on more specific tasks.

Example 2

Example 4

Example 6

As a researcher I want to focus my research
on specific areas.

As a researcher I want to have access to
data characterising real challenges in startups.

As a researcher I want my results to be
tested and adapted by start-ups so that my
work helps to create new and innovative
products.

Example 9
As a researcher I want to characterise
context of my research so that my results
can be easily transferred to industry.
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Figure 2, overview of the Start-up Context Map and its use-scenarios

We have further detailed each main context factor by breaking it down into sub-context
factors and leaf nodes creating a tree-like structure. At present the map holds 26 factors
pertaining start-up goals, 77 factors pertaining internal and external environment, and
138 practices. Respective width of each segment denotes how many sub-factors it
contains.
Each leaf node of the map contains a granular description of the factor, examples from
practice, references to related work, and practitioners’ experience (see Error!
Reference source not found.). Details supported by literature are referenced while
details that still require validation are not. In this way we ensure a clear connection

between the map and supporting literature. Moreover, by denoting less certain details of
the map we invite collaborators to investigate these details.

3.3 Validation of the map
We have performed several activities with an aim to validate the map. In particular, we
have looked into completeness of the map and usefulness of the map to categorize
information.
Completeness of the context map determines to what extent of the map covers all
relevant aspects of software engineering in start-ups. Usefulness of the map determines
to what extent structure of the map is suited for categorizing information regarding
software engineering in start-ups.
3.3.1 Assessing completeness of the map
One important concern is whether the scope the context map is sufficient to cover all
relevant software engineering aspects of start-ups. We turned to a community of startup researchers2 and invited them to collaborate on validating the map. We conducted a
joint workshop with a goal to review the map and to reach a consensus that it covers all
relevant aspects of software engineering in start-ups. Participants of the workshop were
first asked to review the map off-line and to provide suggestions for improvement. Then
their feedback was compiled and unclear items discussed in an on-line meeting. A total
of 10 researchers provided their input.
From the feedback we received we adjusted the scope of the map and updated its
contents. For example, we added factors related to technical debt and improved
description of factors related to software testing and construction. Besides and external
helped to spot many language and formulation related issues.
The improved version of the map was used to devise a case survey for collecting data on
engineering practices in start-ups (see use scenario 2).
Lessons learned:
•
•

Scope of the Start-up Context Map is sufficient to describe software
engineering in start-ups to a level that enables assessment of engineering
context and utilized practices.
There is a substantial interest from the research community to collaborate on
the Start-up Context Map

3.3.2 Assessing usefulness of the map
To test usefulness of the map we performed a static validation and applied the map on
88 start-up experience reports. The reports are written by one of the principals of a
start-up. While such reports contain valuable experience lessons, their unstructured
nature makes them difficult to benefit from.
We applied the context map to categorize statements in the experience reports. First, we
segmented the reports by paragraph. Then, we analyzed each report paragraph by
paragraph in order to identify statements pertaining specific engineering factors.
Higher-level statements are mapped to higher-level nodes; more specific factors are

2
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mapped to leaf nodes of the map. Paragraphs addressing multiple factors or ambiguous
statements are mapped to multiple nodes of the map.
In case we identified a statement that could not be clearly mapped to a factor, we
considered expanding the map with a new factor.
As a result of the mapping, we linked 876 statements from the reports to 69 context
factors. During the mapping process we identified and added new context factors to the
map. For example, we now differentiate between internal and external view on a
product. The internal view refers to an engineering view of a product, i.e. architectural
design, effort, and complexity. The external view represents how a customer sees a
product, for example, features, usefulness, and suitability for completing a task.
Lessons learned from validation:
•

•
•

The Start-up Context Map is useful to systematize experience reports.
Systematization enables topical access to statements in the reports, thus
supporting further analysis. Descriptions of practitioners experience with a
factor expand the description making the map more useful for practitioners.
Practitioner experience reports are a useful source to identify new factors for the
map, eventually also allowing pruning of the map if parts are never utilized.
Using the map as an experience database is a feasible use scenario (see Figure
2).Error! Reference source not found.

3.4 Using the Context Map
The four bottom panels in Figure 2 illustrate different use scenarios. The use scenarios
are aimed to provide practical support to start-up practitioners and to connect start-ups
with researchers, experts and other stakeholders.
Use scenario 1 is to use the map as a glossary. A typical challenge for start-ups is to
identify relevant focus areas and to avoid wasting resources on irrelevant activities.
Moreover, a less experienced founder may not realize that a critical activity is neglected.
As one start-up founder3 reflected on the lack of understanding regarding the scope of a
start-up: “Looking back, when I started 99dresses fresh out of high school I was very naive
and had zero idea what I was doing. In fact, I didn't even know what a startup was! I just
knew I wanted to solve a problem I personally experienced: having a closet full of clothes
but still nothing to wear.” Even more experienced founders could benefit from the map,
for example they could be biased towards their past experiences and overlook some
context factors. A glossary therefore provides a light-weight decision-support tool that
can be utilized by both novice and seasoned start-up practitioners.
The Start-up Context map provides a basis for creating a comprehensive glossary of
good engineering practices in start-ups. Overview of the practices allow practitioners
create their own methods. Use scenario 4 further elaborates identification of specific
engineering methods. The glossary is community driven, entrepreneurs, start-up
engineers and start-up researchers decide what practices are relevant to include in the
map. By having an overview of what goals, environment factors and practices could be
relevant, a founder can make an educated decision to focus on (or ignore, thereof)
certain context factors.
https://medium.com/female-founders/my-startup-failed-and-this-is-what-it-feelslike-c5d64b3ae96b, accessed July 8, 2016
3

Researchers can use the map to identify gaps and specific areas for investigation, e.g. by
looking into less developed areas of the map. Equally important, researchers can use the
map to characterize the context of their research, thus enabling safe adaptation of
research results. By understanding the context around the application of a practice,
successful transfer and replication of that practice can be enabled.
1.2.3.2.1 Competitive features
Goals » Mid-term goals » Product goals » Feature roadmap

Competitive features are features that distinguish the product among
competitors, inspired by [2].
Measured through

Volatility [3]
Traceability [3]
Consistency [3]

For each factor we provide a
descriptive summary - unique id,
name, and description.
Description is complemented with
information on how a factor could be
measured.

Size [3]
Complexity [3]
Completeness [3]

Example

1. A competitive feature is an unique functionality, or superior quality in some
aspect. A company should focus on identifying and validating potentially
competitive features as implementing such features will lift the product among
competitors, thus creating a market potential.
Related factors
1.2.3.2.2 Goals » Mid-term goals » Product goals » Feature roadmap » Commodity
features
3.3.4.3 Practices » Sales & Marketing » Market Research & Analysis » Competitor
analysis
3.4.1.1 Practices » Software Engineering » Requirements Engineering » Elicitation
3.4.1.4 Practices » Software Engineering » Requirements Engineering » Prioritization
References
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Industry experience (1 of 28)
Crowded market: We started as a product and built Pa7ent Communicator in a vacuum. I should
have told my father to try a few products and see if something on the market (in 2008) would
have done at least 75% of what he wanted. If we did that, we probably would never have built
PC. And if we s7ll decided to build it, we would have been extremely well informed on what our
diﬀeren7a7ng factors were. AKer all, my father would have tried a few products with his
pa7ents, seen what worked and what didn't work and what they were lacking, and therein we'd
have discovered a func7onality gap that might have been worth pursuing. If we had proceeded
with development in this way, we wouldn't have struggled so much to explain to investors and
EMRs why PC is diﬀerent from all the other pa7ent portals on the market. With such an
approach, we would have understood exactly how we ﬁt into the ecosystem. Or, more
importantly, we might not have even aRempted to build it in the ﬁrst place!

Examples are provided to illustrate
the factor and its application.

Related factors show what other
factors are relevant to consider in
relation to competitive features.

Each factor, its description, and
measured trough information is
referenced with related work.

Experience reports from actual startups are used to complement factors
with practitioners viewpoints and
experience.

hRp://planetjeﬀro.com/post/40340494649/why-pa7ent-communicator-failed

Figure 3, granularity of a leaf node

Use scenario 2 refers to the utilization of the map as an experience database. While
experience reports are valued both by practitioners and researchers, they often lack
structure and essential details to be useful, not to mention that they are seldom
collected in one place. As it stands now the map indirectly holds the combined
experience of 88 start-ups, as well as being connected to research in the area.
Start-up founders are often keen to disseminate their experience. As one start-up
founder states4 on sharing his experience: “One thing I'll be doing more of is writing
about my experience. Partially because it's therapeutic, but also because if there's a silver
lining in all of this (and there is), it's that I can help educate others about a path fraught
with hardship, but rewarding nonetheless.”

http://chrishateswriting.com/post/74083032842/today-my-startup-failed, accessed
July 8, 2016
4

The Start-up Context Map provides a backbone for structured experience reports. Startup engineers can add their experience with specific factors directly in the map (see
Figure 3Error! Reference source not found.), thus enabling structured access to their
report. In this way, the experience reports are easy to use by other practitioners as they
can easily locate relevant parts of the report. Researchers can use the same structure to
gather all experiences pertaining to a specific context factor and use that information as
input for their research.
We have used the context map to devise a case survey5 exploring how start-ups utilize
engineering practices and what are characteristics of engineering context in start-ups.
Results from the case survey will be used to update map with start-up engineering best
practices.
Use scenario 3 supports the transfer of research results from academia to start-ups.
State-of-the-art practices from academia are created in a rigorous research process, has
passed certain validation and technology transfer stages (see Fig.1), and is accompanied
with sufficient description that allows to make an educated decision whether a practice
is applicable or not in a specific start-up case.
Researchers can use the map and add their state-of-the-art results under specific nodes
of the map. Therefore, start-up engineers can easily locate cutting-edge practices to
address a specific issue they encounter. In combination with Use scenario 2 this enables
a two-way collaboration between start-ups and researchers.
Use scenario 4 describes the use of the map as decision support tool. The
characterization of start-up context enables identification of similarities between startups, their goals, environments, and applied practices. The decision support system uses
start-up environment characteristics and goals as input and suggests what engineering
areas or environment factors should be in focus for a particular start-up. Inference
engine and knowledge database for the decision support is based on start-up experience
reports from use scenario 2. However, creating such decision support tool requires a
substantial number of experience reports.
Thus, proven combinations of practices to tackle common challenges can be bundled
together for reuse in other similar start-ups. Such bundles or “patterns” can be created
by start-up experts and utilized by practitioners. The goal is to evolve patterns over
time. Examples of such patterns are, for example, The Lean Start-up, XP, Scrum and
various models aimed to support innovation in small organizations.
These use scenarios aim to reduce uncertainty by providing engineering decision
support and by facilitating the development of new start-up context specific engineering
practices. The Start-up Context Map, by enabling informed decisions, can therefore
increase the likelihood of success in engineering innovative products in a start-up
setting.

4 Conclusions
In this paper we present an attempt to improve software-intensive product engineering
in start-ups. We propose the Start-up Context Map – characterizing start-up goals,
internal and external environment, with a focus on engineering practices. The Start-up
5

http://startupcontextmap.org/exp-survey/woifenw2

Context Map can be seen as start-up body of knowledge, similar to SWEBOK and
PMBOK, but managed and developed by start-up community itself in collaboration with
interested researchers.
Our intention is to provide a core structure and necessary tools for the map to be further
validated, adapted and evolved by the community. To support this the continuously
evolving online tool http://startupcontextmap.org is launched.
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