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Abstract. Software startups operate under various uncertainties and
the demand on their ability to deal with change is high. Agile methods
are considered a suitable and viable development approach for them.
However, the competing needs for speed and quality may render cer-
tain agile practices less suitable than others in the startup context. The
adoption of agile practices can be further complicated in software star-
tups that adopt the Lean Startup approach. To make the best of agile
practices, it is necessary to first understand whether and how they are
used in software startups. This study targets at a better understanding
of the use of agile practices in software startups, with a particular focus
on lean startups. Based on a large survey of 1526 software startups, we
examined the use of five agile practices, including quality related (regular
refactoring and test first), speed related (frequent release and agile plan-
ning) and communication practice (daily standup meeting). The findings
show that speed related agile practices are used to a greater extent in
comparison to quality practices. Daily standup meeting is least used.
Software startups who adopt the Lean Startup approach do not sacrifice
quality for speed more than other startups do.

Keywords: Software startups - Agile practice + Lean startup *+ Mini-
mum viable product - Pivot - Quality vs Speed

1 Introduction

Startups are organizations designed to create new products or services under
the conditions of extreme uncertainty, which constantly seek repeatable, prof-
itable and scalable business models and aim at rapid growth [1,2]. Software
startups are startups that have a primary focus on developing new and innova-
tive software-intensive products or services from which business value is created.
Even though sharing common characteristics with other types of startups, such
as resource scarcity and a lack of operational history [3], software startups are
often caught up in the wave of technological change frequently happening in soft-
ware industry, such as new computing and network technologies and devices [4].
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As the ability to accommodate frequent change is essential in the startup context,
agile methods have been considered the most suitable process model since they
enable software startups to embrace change, and allow development to adapt to
business strategies [5]. Fast release with an iterative and incremental approach
shortens the lead time from idea conception to production to market, which is
especially important for software startups as “done is better than perfect” and
“move fast and break things” are the slogans or mantras that they follow in
order to respond to the challenges they are confronted with [6].

However, since software startups are constantly under the huge pressure of
time-to-market and need to move really fast, product quality may be treated
with a low priority and technical debt is accumulated to gain the speed to mar-
ket [7]. As a result, certain agile practices that ensure the quality of software,
such as refactoring and test-driven development, may not be considered viable
practices for software startups, especially at the early stages [8]. But the accu-
mulated technical debt, if not paid back in time, will eventually slow down the
development speed [7], which means software startups cannot afford to ignore
quality and related engineering practices as they progress through the stages of
development.

The adoption of agile practices can be further complicated when software
startups follow the Lean Startup approach to develop their business, which puts
even more emphasis on quick prototyping [9], testing prototypes with potential
customers, and getting early feedback. The use of Lean Startup approach may
intensify the so-called “developers dilemma”—the balancing act between quality
and speed to achieve fast product iteration [10], and render the agile practices
related to quality even less viable to software startups.

To understand how software startups can better use and benefit from dif-
ferent agile practices for their needs for quality and speed, it is important to
understand firstly if and how software startups are currently using agile prac-
tices. The existing software engineering literature has accumulated a growing
body of knowledge on the application of agile methods in established compa-
nies, large or small. However it casts very few lights on the use of agile practices
in software startups, let alone in the startups who adopt the Lean Startup app-
roach. Based on this observation, the study presented in this paper targets at
understanding the state of the practice of agile practices in software startups,
and the potential influence of the Lean Startup approach on the use of agile
practices. The overall research questions that guide our study are:

RQ1: Are software startups applying agile practices?
RQ2: Are software startups that adopt Lean Startup applying agile practices?

To depict the state of the practice, we utilize the data collected in a large
online survey conducted from September 2013 to September 2014. Based on
the responses from 1526 surveyed software startups worldwide, we could obtain
a good understanding of the state of the practice of agile practices applied in
software startups.

The rest of the paper is organized as follows. Section 2 reviews the related
work that has been conducted so far to understand the use of agile practices
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in software startups. In Sect. 3, we explain how the online survey is utilized to
answer the research questions. The findings are presented in Sect. 4 and further
discussed in Sect. 5, together with the reflection on the limitations of and validity
threats to the study. The paper ends with Sect. 6 in which potential future work
is outlined.

2 Related Work

2.1 Agile Methods in Software Startups

The emergence of agile methods was a response to the inability of heavy-
weight, waterfall-like development methodologies to allow software organizations
to respond to change. Popular agile methods, such as Scrum and XP, have been
adopted by both small and large companies worldwide over the years, render-
ing agile a mainstream software development approach [11]. At their core, agile
methods focus on incremental and iterative development. The nimbleness and
flexibility allowed by different agile practices, such as short iterations, continu-
ous integration, etc., enable software organizations to address change effectively
[12,13]. The effective adoption and use of agile methods in established companies
have been manifested in a growing body of agile research [14-16].

When the context is switched to software startups, the picture is less clear-
cut. Some studies suggest in a general manner that agile methods are viable and
suitable for software startups (e.g., [17,18]). For example, Duc and Abrahamsson
[9] find that four out of five startups they studied have adopted agile development
processes. However, these studies do not specify clearly which particular agile
method or agile practices have been used in software startups.

Other studies suggest a different picture. Coleman and O’Connor [5] argue
that startups are creative and flexible in nature and are reluctant to intro-
duce process which may hinder their natural attributes. They have very limited
resources and typically wish to use these resources to support product develop-
ment. Giardino et al. [18] observe that, to quickly validate the product in the
market, software startups tend to use agile methods, but in an ad-hoc manner.
Yau and Murphy [8] go further and contend that, given that the communication
and cooperation dynamics in startups are very different from more established
companies and the fact that the initial focus of a startup might be significantly
different from its final objective, even the agile approach seems to impose too
much rigidity and process on them. Without denying that agile methods offer
clear benefits to startups over some of the more traditional methods, the authors
question whether they are appropriate in tackling the problems faced by star-
tups. Doubts are cast on the usefulness of agile practices including test-driven
development, pair programming, user stories, velocity and backlogs [8].

2.2 Lean Startup and Agile Practices

The Lean startup approach is considered a variant to agile methods in software
engineering literature [18]. It advocates the identification of the most risky parts
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of a software business and the use of Minimum Viable Products (MVPs) to
systematically test them and change the course of the development if needed.
According to Ries [1], a MVP is “[the] version of a new product which allows
a team to collect the maximum amount of validated learning about customers
with the least effort.” MVPs should be the main focus of both business and
product development activities in software startups [9]. The strategic change is
termed pivot in Lean Startup.

Even though the Lean Startup approach is seen as a recent advancement
in agile community, and regarded by some as a more “extreme” agile approach
than extreme programming (XP) or Scrum [19], difference between the two has
been argued. Agile methods seem to be able to prescribe on how to develop a
working software faster, but are unable to provide the answer to what product
should be developed in the first place [20]. Although agile methods advocate
to build software iteratively, they only work when problems are known to the
stakeholders. Instead, startups typically are looking for right problems to solve
and need to figure out who are their customers [2]. Lean Startup advocates
startups to build products iteratively and get early feedback to test riskiest
assumptions about their business models. The combined use of agile and Lean
Startup seems a sensible approach for software startups.

The research conducted by Duc and Abrahamsson [9] is focused on different
types of MVPs that software startups utilize and what are their main purposes.
They argue that the adoption of MVP might be influenced by many contex-
tual factors, and one most relevant factor is the product development method-
ology. They further suggest that the continuous integration—one of the agile
practices—might be the impetus for the popular adoption of evolutionary pro-
totypes and single-feature MVP in four of the five cases they studied.

However, Yau and Murphy [8] contend that certain agile practices may not be
in consistency with the primary focus of software startups that adopt the Lean
Startup approach. Quality is important for a software startup but cost and time
may be larger deciding factors. A small scale startup that has not obtained much
funding will probably have a short runway, and thus a limited amount of time
and money. The priority in this case should be to create an MVP, which may
lack in quality but is functional enough to show to investors. Terho et al. [10] also
argue the need of balancing between quality and speed in creating MVPs, the
intensified “developers dilemma” faced by software startups. As a consequence,
the agile practices that are focused on quality of software, such as test-driven
development and refactoring, may be compromised or even not taken on board.

3 Research Method

3.1 Survey Questions

This study utilizes a large online survey that was conducted between 2013 and
2014. The original survey explored various aspects of startups and covered a
large set of questions. The authors had the opportunity to access the survey
data and select the questions that were pertinent to the purpose of this study.
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Table 1 shows the list of questions used in this study, as the result of the selection
process. The questions are mainly divided into three categories:

— questions related to the demographic information of the respondents and the
background information of the surveyed software startups;

— questions related to agile practices, which form the core category. We used
the list of agile practices reported in the 10th annual agile report from Ver-
sionOne [11] as the commonly accepted agile practices. The original survey
includes five questions relevant to agile practices: regular refactoring, test
first, frequent release, agile planning, and daily standup meeting. All are
close-ended questions. Four are ordinal and the one about daily stand-up
meeting is binary. All of them require a single answer and are not mandatory.

— questions related to the Lean Startup approach, which allow us a more focused
examination of the use of agile practices in software startups that adopted the
Lean Startup approach. We identified three questions from the original survey
which indicate whether a startup is following the Lean Startup approach or
not. These questions reflect the key Lean Startup concepts: hypothesis-driven,
MVP and pivot.

Table 1. Survey questions used in the study

Background questions

About respondent | Select your gender

How old are you?

What is your motivation with this startup?
About startup What kind of startup are you a part of?

What is the total size of your team?

How many founders are there on your team that own a
significant piece of equity?

What’s the stage of your primary product?

How many core features does your product have?

Agile practice related

questions

Regular Refactoring
Test First

Frequent Release
Agile Planning

Daily Standup

How often do you refactor code?

When do you start writing tests?

What is the frequency of your product release cycle?
How far ahead do you plan your product development
pipeline?

Do you do daily stand up meetings?

Lean Startup related

questions

Hypothesis-driven

MVP

Pivot

We identified the riskiest hypotheses about our business in

order to test them first

We built minimally viable products to test our hypotheses

How many pivots have you had?
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3.2 Data Cleaning and Validation

To ensure the quality and validity of the survey data, we went through a careful
data cleaning and validation process on the original dataset, which is described
in detail in this section. The process was mainly automatized using R software
package. Additionally, we have removed suspicious data entries manually.

To start with the data cleaning process, we set the threshold of 50 (out of a
total of 278 original survey questions) as the minimum number of answered
questions that a data entry should contain. All the rows with less than 50
answers were removed from the dataset. Afterwards, we merged rows if they
were answered by the same person and for the same startup, because the sur-
vey collection application saved the data as a separate entry if the survey was
interrupted and then restarted again. We also removed duplicate columns that
might have been introduced during the data exporting process. We also fixed
various obvious errors that may be attributed to the original survey design or
data exporting process.

After this rudimentary step, we started automatized and manual data clean-
ing column by column (question by question). We removed all the rows where
startup names were missing, to ensure that respondents have answered the ques-
tions by referring to specific startups. We also removed the rows with empty
emails. We have decided to exclude from the sample the answers referring to
the same startup but answered by different respondents because there was not a
convincing rationale as to which answer to keep: the CEO’s or the developer’s.
Each of them has its pros and cons. Fortunately there were not many dupli-
cated startups. We also checked startup names, emails and websites and further
removed the rows with suspicious values, for example, the answers that contain-
ing “none”, “not”, “test”, “xyz”, “untitled”, etc. We then applied the regular
expressions to all the columns that had a fixed set of values to further remove
invalid answers. For example, if a question was Boolean, we ensured that only
“0”s and “1”s were in the corresponding column. In the last step, we printed
all the possible values for each closed question and ensured that only the valid
answers were present in the dataset.

After the initial cleaning, we checked the validity of the data using a set
of validation cases that we discovered based on a close inspection of all the
survey questions. The validation cases detected a set of unrealistic, impossi-
ble, invalid combinations of answers which rendered certain data entries invalid,
which in turn were removed from the dataset. All the validation cases we used
are described in an online document that can be accessed at https://figshare.
com/s/08c35ec98fd85e827594

The original dataset had 10171 entries. After applying the data cleaning
and validation process, the final cleaned dataset has a sample size of 1526. By
performing such strict data cleaning and validation steps, we may have removed
some valid entries unintentionally. But removing some valid entries is a trade
off that is worth making in order to obtain a clean dataset to conduct the data
analysis.


https://figshare.com/s/08c35ec98fd85e827594
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3.3 Data Analysis

To answer the research questions posed in Sect. 1, we analyzed the data in two
steps:

Step 1: To answer RQ1, firstly the structure of the five questions related to
agile practices was analyzed using exploratory factor analysis. Two factors fit
the model and the practices group in pairs: regular refactoring with test first,
and frequent release with agile planning. Instead daily standup meeting does not
show a significant correlation with any of the two factors. Therefore three dimen-
sions can be defined to group the five agile practices: quality (regular refactoring
and test first), speed (frequent release and agile planning), and communication
(daily standup meeting). Next the internal consistency between the two items
in the quality and speed dimensions was analyzed using Cronbach’s alpha. How-
ever a low level of reliability estimates (« = 0.41 and « = 0.50 respectively)
was obtained, which meant that the two items within each dimension were not
suitable to aggregate. Therefore, the further analysis was conducted on each
individual agile practice, rather than at the group level. To allow a sharper com-
parison, for each agile practice, we divided the startups into using the practice
vs. not using it based on their answers to the question. In this way we converted
the four agile questions that were categorical (ordinal) into binary. We exam-
ined the frequency of the use of five agile practices in the surveyed startups.
Since software startups at different product development stages may adopt agile
practices differently, we further investigated the difference using Chi-square. The
hypothesis for each of the agile practices can be formulated as the following:

H,;: There is significant difference in the use of [the agile practice] among soft-
ware startups at different product development stages.

Step 2: The focus of this step was to analyze the use of agile practices in the soft-
ware startups that adopted the Lean Startup approach, in order to answer RQ2.
To identify lean software startups in the sample, we used the three questions
related to the Lean Startup approach, as explained in Sect.3.1. The software
startups that answered “yes” to the first two questions and have pivoted at least
once were considered adopting the Lean Startup approach therefore lean software
startups. 229 out of 1526 are lean startups. The use of the five agile practices
in these lean startups was compared to that in the rest of the whole sample, to
understand if there was difference in agile practice use between the two sub sam-
ples. For this purpose again Chi-square tests were used. The hypothesis under
the test regarding each agile practices can be formulated as the following:

H,o: There is significant difference in the use of [the agile practice] between lean
software startups and non lean software startups.
Since pivot is an important aspect of software startups, we also examined
the number of pivots the surveyed startups made as part of Step 2 analysis.
The data analysis process was conducted using R software environment.
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4 Results

The cleaned dataset contains information about 1526 software startups, pro-
vided by 1526 respondents who either founded or worked for these startups. Not
surprisingly only a very small percentage (8%) are females in comparison to the
much larger percent of males (76%, the remaining 16% didn’t reveal gender infor-
mation). The age of these respondents spread from 18 to 72 (based on 1219 cases
that contain age information), with a mean of 34 and a median of 32 (sd =9.58).
A slight majority of the respondents (52.3%) have the age between 25 and 35. It
is intriguing to understand what motivated the respondents to found or work for
these startups. As expected the majority of answers reflect an entrepreneurial
mindset: “Build a Great Product” covers the 52% of the motivations, followed
by “Change the world” (29%). “Make a Good Living”, “Get Rich” and “Create
a quick flip” are motivations for only less than 20% of the respondents.

Regarding the types of these software startups, more than half of them (877)
are working on web-based products. 264 software startups provide both web
and mobile solutions. Mobile applications are the focus of 171 startups. Only 65
startups provide non web-based software solutions. The remaining 149 startups
either work on products where software plays a less significant role or did not
provide specific information regarding the types of their startups.

1461 software startups answered the question “What is the total size of your
team?” with meaningful values. The distribution of the sample is skewed right
significantly, with 81.2% of the software startup teams with less than 9 members.
The mean of the team size is 7.23 and the median is 4 (sd =19.15). When the
number of founders is concerned, even though we could not obtain the direct
data from the survey, we could infer from the question “how many founders
are there on your team that own a significant piece of equity?” that most often
an entrepreneurial team has two co-founders that have significant equity of the
company, followed by 1-significant-founder and trio co-founder teams.

The distribution of the software startups across product development stages
is shown in Fig. 1. It can be seen that it follows a normal distribution, with soft-
ware startups that have functional products with limited users as most common,
and those with mature products as the minority. A closer look at the number of
core features that these products have reveals that the average number of the
core features of a product is 5 (mean = 5.2, median = 4, sd =4.07). 72% of the
startups work on products that have 5 core features or less.

Product stage Number of startups
Concept 121
In development 230
Working prototype 267
Functional product with limited users 721
Functional product with high grow 123
Mature product 60

Fig. 1. Startup distribution with respect to product stages
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4.1 Agile Practices in Software Startups

Two agile practices, regular refactoring and test first, allow software startups to
focus on the quality of their products. 1240 startups responded to the question
related to regular refactoring, and 1273 to test first. As shown in Fig. 2, regarding
refactoring, slightly less than 45% of the startups do care about the quality and
refactor the code every few weeks or even once a week. However, a bit more
than one fourth of those rarely or never do refactoring. If refactoring “once a
week” and “every few weeks” are considered regular therefore an agile practice
(blue bars in Fig.2), the other options indicate that regular refactoring is not
practiced in the startups. It can be concluded that a slight majority of the
startups surveyed are not doing regular refactoring.

Regular refactoring Percentage of startups

Once a week 15.2%

Every few weeks 29.67 I
Every few months 18.7%

A few times a year 11.2%

Rarely/never 25.3%

Fig. 2. Startup distribution with respect to the frequency of code refactoring (Color
figure online)

Similar results are shown in the test first practice. It is evident from Fig. 3
that around 32% of them are writing tests as soon as they write features, there-
fore practicing test first (blue bar). However, again one fourth of the startups
never write tests. Among the other options, “as soon as we know we’re going to
keep a feature” indicates clearly the test first practice is not used. Even though
we could not interpret properly the options “as soon as we reach a legal agree-
ment with a customer” and “other” due to a lack of access to the original survey
design, we could still conclude that the majority of the startups surveyed do not
adopt the test first practice.

Test first Percentage of startups

As soon as we write a feature 32.37% -
As soon as we reach legal agreement with a customer 3.7%

As soon as we know we are going to keep a feature 26.2%

Never 25.1%

Other 12.7%

Fig. 3. Startup distribution with respect to the frequency of code testing (Color figure
online)

Agile planning and frequent release are the two practices that allow software
teams to be able to collect feedback on their products and adjust their devel-
opment speed accordingly. 1391 startups responded with their release frequen-
cies and 1290 indicated how far ahead they planned their product development
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Agile planning Percentage of startups

1 day 3.3%

2-7 days 10.27

1-3 weeks 2397
3-6 weeks 20.37% [
6-12 weeks 17.4%

12-26 weeks 11.9%

26-52 weeks 7.2%

1-2 years 4.3%

More than 2 years 1.5%

Fig. 4. Startup distribution with respect to agile planning (Color figure online)

pipelines. Regarding planning, Fig.4 shows that most often the software star-
tups plan ahead for 1 to 3 weeks (about 24%), more than 10% plan for 2 to 7
days, and about 3% are doing daily planning. Only less than 6% put up a yearly
or longer-term plan. In total, more than 57% of the startups plan in an agile
manner in terms of the time frame covered by the planning (shown by the blue
bars. We used 30-day sprint to draw the division). Agile planning should be for
3 to 6 weeks (30 working days) or shorter.

As shown in Fig. 5, the most common (about 21%) release frequency used by
these software startups is every 2 to 3 weeks, followed by every 1-3 months (about
19%). Tt is interesting to see that more than 13% of the startups are practicing
continuous delivery and release product once per day or even multiple times per
day. However, more than 15% other startups have really low release frequency
(every 3—6 months or even more than 6 months), which is worrying given the
fact that they are software startups and moving fast is not an option but a must
for many of them. The bars in Fig.5 are divided into two groups: those with
release frequency of 2-3 weeks or less (blue bars) therefore indicating frequent
release (again the 30-day sprint length was used as the division line), and those
indicating low release frequency (taking more than one sprint to release a new
version). It can be seen that more than 64% of the startups do frequently release
their products.

Daily standup meeting is an agile ceremony used to facilitate communication
among software development teams and organizations. Among the 1286 software
startups that answered the question, more than 70% are not using the practice,
in contrast to about 30% that said “yes” to the question.

Frequent release Percentage of startups

Multiple times per day 9.87% I

Once per day 3.9%

2-3 times per week 13.3%

Once per week 16.3% I

Every 2-3 weeks 21.2%
Every 1-3 months 19.0%

Every 3-6 months 8.9%

More than 6 months 7.6%

Fig. 5. Startup distribution with respect to frequency of product releases (Color figure
online)
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Table 2. The use of agile practices in software startups across product stages

Product Regular Test Frequent | Agile Daily standup
development stage | refactoring | first release planning | meeting

Yes |[No |Yes No |Yes | No |Yes |[No |Yes |No
Concept 49 | 47 41 | 41 2 0 63| 36 | 23 | 76
In development 93 | 93 74 97 |144 | 80 |118 | 78 | 53 | 146

Working prototype | 111 | 107 87 | 119 | 158 | 108 [138 | 91 | 59 |170

Functional product |246 |337 |190 |323 |483 |230 | 350 | 257 |198 | 403
with limited users

Functional product 40 | 63 42 | 51 | 79| 44 | 53 | 51 | 32 | T2
with high growth

Mature product 16 | 35 240191 29| 31| 20| 32| 16 | 35

Table 2 shows the use of the five agile practices by the software startups across
different product development stages. As explained in Sect. 3.3, the use of the
agile practices are simplified into “yes” /“no” Boolean options, to allow a sharper
comparison. Table2 does show that for each agile practice, the percentage of
software startups using it varies across the product development stages. However,
there is no discernible pattern in the variance of the percentages.

To test H,1, Chi-square tests were applied. A pre-examination excluded fre-
quent release from the test since the assumptions requested to run Chi-square
test were not met. We run the tests on the cleaned sample (n = 1526). Since
the data entries that have empty answers to each agile practice and/or product
development stage were removed, each test has a different sample size (as shown
in Table 3, Column 2). The test results show that regular refactoring and agile
planning are linked to the development stages (the respective H,; is supported).
Instead, H,; regarding test first and daily standup meeting cannot be supported.

4.2 Agile Practices in Lean Software Startups

Regarding the individual responses to the three Lean Startup questions from the
whole sample, 489 out of the 1526 replied with a definitive “yes” to the statement

Table 3. Agile practices across product stages—Chi-square test results

Practice n Chi-square | Degrees of | p-value | Result
freedom

Regular refactoring 1237 13.638 5 0.01808 | Hy1 supported

Test first 1108 | 11.06 5 0.05021 | Hq1 rejected

Agile planning 1287 | 12.365 5 0.030121 | Hy1 supported

Daily standup meeting | 1283 | 7.736 5 0.1714 | Hq1 rejected
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Table 4. Pivoting in lean startups across product stages

Product No. of lean | Mean of number
stage startups of pivots
Concept 3 2.0

In development 40 2.1

Working prototype 57 24

Functional product with limited users | 107 2.0

Functional product with high growth | 17 2.4

Mature product 5 2.6

“We identified the riskiest hypotheses about our business in order to test them
first”, and 55% claimed that “We built minimally viable products to test our
hypotheses”. It is interesting to explore the pivoting behavior of these startups
in terms of the number of pivots they have made. 1440 out of 1526 gave valid
answers to the number of pivots. The mean is 1.528 and median is 1 (sd = 2.06),
in a range from 0 to 30 pivots.

229 out of the 1526 software startups are considered following the Lean
Startup approach based on the selection criteria specified in Sect. 3.3. When
looking closely at the pivoting in this subset, the number of total pivots the
surveyed startups experienced ranges from 1 to 15, with the mean equal to 2.153
and the median to 2 (sd =1.73). From the perspective of product development
stages, we can see that, as shown in Table4, the mean of the number of total
pivots of startups at different stages ranges from 2 to 2.6. The lean startups that
progressed to the stages of having functional or mature products in total have
not pivoted more than those at the early product development stages.

Table 5 shows the use of the five agile practices in lean startups in comparison
to that in the rest of the sample. It can be seen that there is a higher percentage
of lean startups using each of the agile practices for all the five agile practices.

To test Hyo, we used the Chi-square test on the two groups: lean startups
vs. non-lean startups. The results are shown in Table 6. The difference between

Table 5. The use of agile practices in lean startups vs. non lean startups

Agile practice Lean startup subset | Non lean startup subset
Yes | No Yes | No

Regular refactoring 99| 99 456 | 586

Test first 86| 86 372|567

Frequent release 164 | 61 7331433

Agile planning 119 | 83 626 | 462

Daily standup meeting | 76 | 124 306 | 780
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Table 6. Agile practices in lean vs. non-lean startups—Chi-square test results

Practice n Chi-square | Degrees of | p-value | Result
freedom

Regular refactoring 1240 | 2.3723 1 0.1235 | Hqo rejected

Test first 1111 ]6.0471 1 0.0139 | Hy2 supported

Agile planning 1290 | 0.0815 1 0.7752 | Hao rejected

Frequent release 1391 | 7.8438 1 0.0051 | Hg2 supported

Daily standup meeting | 1286 | 7.3417 1 0.0067 | Hq2 supported

the two groups is not significant in terms of the use of regular refactoring and
agile planning. Instead, the percentage of lean startups using test first, frequent
release or daily standup meeting is significantly higher than that of non-lean
startups.

5 Discussion

So are software startups using agile practices? The results of our study reveal
that a majority of software startups do not use quality related agile practices,
such as regular refactoring and test first. It reflects the major concern expressed
in the literature that quality has a low priority and technical debt is accumulated
in software startups, especially at their early stages. When the agile practices
regarding the speed of development are concerned, our study shows that a large
majority of software startups do move fast by adopting frequent releases and
short-term agile planning. This is in line with the literature that emphasizes
that speed matters significantly to software startups [7]. However, the under
use of quality related agile practices in comparison to speed related practices
is not unique to software startups. The same pattern has been manifested in
the surveys of agile and lean adoption in software organizations in general. For
example, in the 10th annual agile survey conducted by VersionOne (based on
3,880 completed responses) [11], it is shown that speed related practices (e.g.,
short iterations, iteration planning, release planning) are employed more often in
the surveyed organizations than quality related practices (such as unit testing,
refactoring, test-driven development). A smaller scale academic survey on agile
and lean usage in Finnish software industry with 408 responses demonstrates
the same tendency [21]. It seems that, in terms of balancing speed and quality
concerns, software startups are not so different from the general population of
software organizations. Agile practices related to speed are more often used by
both software startups and established companies alike.

In contrast, our findings regarding daily standup meeting indicate that this
well-known agile practice is not used in software startups to the same extent as
in established software organizations. According to the VersionOne survey [11],
daily standup meeting is the most popular agile practice among the surveyed
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organizations, with an adoption rate of 83%. Its popularity is echoed in the
academic survey too [21]. In our survey instead, daily standup meeting is the
least frequently used practice among the five agile practices studied. Only about
30% of the software startups use this practice. One explanation of such different
could be that daily standup meeting is a typical agile ceremony used by software
development teams and organizations to facilitate communication. Because most
startup teams have very small sizes (as described in Sect.4), informal commu-
nication happens frequently, which renders formal communication practices less
necessary. Yau and Murphy [8] offer similar arguments. They contend that, in
small scale startups with only a few members, many problems that agile methods
set out to solve do not exist, e.g., the communication issue.

In this study we further examined the use of agile practices by software
startups at different stages of product development. The results of the hypothesis
testing (Hg,1) show that the use of agile practices including regular refactoring
and agile planning does vary across the product development stages. Instead,
the use of test first and daily standup meeting is not significantly associated
with the stages. We cannot draw any conclusion regarding frequent release. This
finding provides partial support to the claim in the literature that not all software
engineering practices are usable or beneficial in different stages of startups [22].
It is an interesting direction to investigate which software engineering practices
are most useful and beneficial to which stages of startups.

Another specific angle investigated in our study is the use of agile practices
by software startups that adopted the Lean Startup approach. Some studies have
expressed the concerns that startups adopting the Lean Startup approach have
to sacrifice certain agile practices or product quality due to limited funding and
short runway in order to move fast and test business hypotheses with MVPs
[8,10]. However, the findings reported in Sect. 4.2 do not substantiate these con-
cerns. On the contrary, they reveal that lean software startups tend to use agile
practices more than the rest of the startups surveyed. Especially in terms of test
first, frequent release and daily standup meeting, significantly higher portions
of lean startups practice them. With these practices that address both needs of
quality and speed, lean software startups may be in a good position to manage
the “developers dilemma” [10], better at balancing between quality and speed
to achieve fast product iteration.

Even though not a main focus of this study, it is worth noting the somehow
surprising finding regarding the number of pivots made by lean startups across
different product development stages. Pivot is considered a key component of the
Lean Startup approach, an action that startups are encouraged to take based
on the validated learning they obtain through testing risky business assump-
tions early and often [1]. Therefore, one would expect that the total number
of pivots increases as startups progress along the development stages and pivot
continuously. However, the result regarding pivoting reported in Sect.4.2 does
not conform to this expectation. Further investigation is needed to understand
the pivoting in software startups.
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Lastly, the results reported in this paper need to be viewed in the lights of the
limitations of and validity threats to the study. The lack of access to the original
survey design and no control to the quality of collected data pose the biggest
limitation to our study, constraining the types of analysis that can be conducted
and consequently the results that can be obtained. For these reasons, we went
to great lengths to clean and validate the data to ensure its quality. Another
limitation is due to the fact that there are a very limited number of questions
in the original survey that can be associated with agile methods and practices
with an acceptable level of confidence. At the end only five agile practices were
brought into the study. In addition, each agile practice had only one correspond-
ing question (item), so the risk of not obtaining valid data was increased due
to the lack of multiple items to probe the same practice. These concerns pose
a potential threat to the construct validity of the study. Instead, the external
validity is ensured by the size and random nature of the sample. Therefore the
findings of this study can be generalized to a general population of software
startups.

6 Conclusion

In the past years agile methods have become main-stream software develop-
ment approaches in established companies, small or large. They are considered
natural choices for software startups too, since startups operate under various
uncertainties and the demand on their ability to deal with change is high. Mean-
while software startups have to focus on business development as well as product
development. Lean Startup is the approach that an increasing number of startups
adopt to test the riskiest business assumptions in their business models. This
study provided a better understanding of the state of agile practices in software
startups, with a particular focus on lean startups. Based on a large survey of
1526 software startups, we found out that different agile practices are used to
different extents, depending on the focus of the practices. Speed related agile
practices are used to a greater extent in comparison to quality related practices.
Communication practices represented by daily standup meeting is least used. In
addition, unlike what is speculated in the literature, software startups who adopt
the Lean Startup approach do not sacrifice quality for speed more than other
startups do. Our study is the first step towards more in-depth understanding of
how software startups can better use agile practices and eventually benefit from
them.

In our current study we could not identify any questions specific to lean
practices, such as kanban, from the original survey questions. Future work can
investigate how lean practices are used in software startups. Meanwhile, “doing
agile”, using agile practices, does not ensure software startups of “being agile”,
being able to respond to change and uncertainty. This study was focused on
“doing agile”. Future work can assess the agility of software startups, and estab-
lish the link between “doing” and “being” agile to startup success. It would be
also effort worth spent to design a new survey that is focused on investigating the
adoption of agile and lean methods as well as Lean Startup in software startups.
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