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Abstract: Press releases, scientific publications and anecdotal evidence demonstrate that organis-
ations worldwide are adopting agile software development methods at increasing speed. Little is
still known about the current usefulness of agile methods in the complex environment of the
embedded software development industry. Embedded devices are already commonplace in
regular households. The goal of this survey is to provide first-hand knowledge of the adoption
and experience of two of the most known agile methods, namely Extreme Programming and
Scrum, in a number of European organisations of embedded software known to be interested
and active in experimenting with agile software development methods. The survey involved 13
industrial organisations in eight European countries and 35 individual software development pro-
jects. The focus of the questionnaire was to enquire into the level of use as well as the experienced
usefulness — or expected usefulness if there was no experience available — of the two agile
methods and their individual practices. The results show that the embedded industry has been
able to apply agile methods in its development processes. The results also indicate that the appreci-
ation of the agile methods and their individual practices appears to increase once adopted and

applied in practice.

1 Introduction

For over a decade now, there has been an ever increasing
variety of agile methods available to organisations to chal-
lenge their traditional plan-driven way of producing software.
For some time, the claims in favour of and against the agile
methods were largely based on anecdotal evidence rather
than scientific evaluation [1, 2]. Nowadays, however, an
increasing amount of evidence is available on agile
methods in the form of experiments, case studies and experi-
ence reports (e.g. [3, 4]) on various aspects of agile methods
applied in different software development contexts. In
addition, some survey studies have been conducted (e.g.
[5-7]) to provide a broader overview on the status of agile
methods in software development organisations. For
example, the results of the Forrester survey [6] indicate that
whereas as much as 14% of North American and European
enterprises are currently using agile processes, 19% are
either interested or planning to do so in the near future.

It has been suggested that the early adopters of agile
methods have been small high-tech product companies [6,
71 working for ‘in-house teams developing software for
quick-to-market applications’ [7, p. 18]. Originally, for
example, Extreme Programming (XP) [8] was in fact tar-
geted especially at small co-located teams developing non-
critical products. Currently, however, there is evidence
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available that the adoption of agile processes increases
with company size [6]. Furthermore, the adoption of agile
methods in large and distributed environments is being
addressed more frequently [e.g. 9—11]. Meanwhile, the
second wave of agile adoption has extended from small
high-tech product companies to beyond the high-tech indus-
try, for example, to the insurance and telecom businesses
[6].

There is some evidence available on agile development in
the context of embedded software development. It is rather
rare, however, that an existing agile method has been
adopted as such. Often, the reported experiences refer to
the adoption of individual agile practices or certain funda-
mentals of agile software development to complement the
existing processes of an organisation [e.g. 12, 13]. In
some cases (e.g. [14]), an existing agile method is
adopted in development projects of embedded software,
and yet — often radically — modified to fit the complex
context of embedded software development where the con-
current development of hardware appears to dominate the
evolution of software. Embedded development, however,
seems to share many characteristics of agile development
such as the notion of iterativeness by necessity as well as
a test-driven mindset [15].

The variety of agile methods, nowadays, includes a
number of specific techniques (e.g. test-driven development
(TDD) [16]) and practices (e.g. pair-programming) of soft-
ware development. Among the first and perhaps best known
agile methods are Scrum [17] and XP. Scrum is aimed at
providing an agile approach for managing software projects
while increasing the probability of successful development
of software [18], whereas XP focuses more on the project
level activities of implementing software. Both approaches,
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however, embody the central principles of agile software
development [19].

Despite the proliferation of agile methods and the number
of organisations reporting going agile, it is not surprising that
a concern addressed in the Forrester report was that ‘as
awareness of agile processes grows, so does confusion
about what it really means to go agile’ [6, p. 1]. Similarly,
the Reifer survey revealed the definition of agile methods
as a ‘devised list of variants and invariants on user percep-
tions’ [7, p. 18]. Consequently, this survey focuses especially
on the adoption of two specific and well-documented agile
methods and their individual practices, that is, XP and
Scrum. For one, this specific focus was considered to assist
in avoiding the misconceptions and different perceptions
behind the broad umbrella term ‘agile’ [6, 7].

On the other hand, the goal of this survey study was: (1)
to provide industrial insight into two of the most known
agile methods, especially in the context of embedded soft-
ware development in Europe, (2) to fathom the level of
their adoption and (3) to understand how useful the
adopted agile methods and their individual practices are
experienced to be. To provide first-hand industrial insight,
the survey study focuses on a selected group of European
embedded software organisations known to be interested
and active in exploring and adopting agile methods. The
survey covered 13 organisations of various sizes from a
total of eight European countries.

This paper is structured as follows: in Section 2, the
research design is defined; in Section 3, the results of the
study are presented; and in Section 4, the conclusions are
drawn and the limitations of the study are discussed.

2 Design of the study

In this section the background to the research and the design
of the questionnaire-based survey study are introduced.

2.1 Background

A European wide research initiative on agile methods, that
is, Agile-ITEA project (http://www.agile-itea.org), was
conducted between 2004 and 2006. Its focus was on the
research and deployment of agile methods in embedded
software development in Europe. The Agile-ITEA consor-
tium consisted of 22 partner organisations, both industry
and research oriented, from eight European countries
who all had the aim of exploring the potential of agile
methods in their various development settings.

The questionnaire-based survey provides an understand-
ing on the following aspects: (1) what is the level of adop-
tion of XP and Scrum practices among individual software
projects in different embedded software organisations inter-
ested in agile software development and (2) how useful are
the adopted methods perceived to be.

2.2 Survey study design

The research was conducted as a questionnaire-based
survey research. The survey can be considered as a descrip-
tive survey and thus provides a descriptive analysis only
(i.e. frequencies and cross tabulation). According to
Oppenheim [20] descriptive surveys are not intended to
explain or to show causal relationships between variables,
but they focus on describing what proportion of a sample
has a certain opinion or how often certain events occur,
that is, are associated with each other.

In selecting the respondent organisations for the survey a
purposive sampling [21] was used. Nardi [21] defines this
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method of sampling as involving a selection of a unique
sample on purpose because of its specific trait that is import-
ant for the study. In this study, the industrial participant
organisations of Agile-ITEA provided a sample of organis-
ations that were known to be interested in agile methods,
and known to have access and involvement in the ongoing
research on agile software development methods in
Europe. Their current experiences and knowledge on adopt-
ing agile software methods was considered interesting for
the numerous organisations still currently considering the
adoption of agile methods [6].

Thus, a total of 18 industrial embedded software organis-
ations from the Agile-ITEA project formed the survey’s
sample group. From the research viewpoint, this also
means that the respondents are from organisations that can
be assumed to already be somewhat familiar with agile soft-
ware development or interested in exploring it. In addition,
the respondent’s organisations are more likely to have inves-
tigated or even deployed agile practices compared with any
randomly sampled software development organisation,
while probably also having higher expectations about agile
methods than any randomly selected organisation. The ques-
tionnaire and covering letter were placed on the website of
the research organisation. An additional covering note was
also e-mailed to the contact persons of the Agile-ITEA
project of the sample organisations. They were instructed
to forward the website link to the questionnaire to various
project managers and software developers in their organis-
ations. This was also designed to avoid bias in favour of
agile methods and to provide a broader view of each organ-
isation. It should also be noted that the questionnaire was tar-
geted at individual project managers and software developers
in the respondent organisation — of both traditional and agile
software projects. For this reason, the understanding, current
knowledge and attitudes of each individual respondent are
still a very subjective matter.

Only one response was requested per project, multiple
projects were targeted in each organisation to provide a
more detailed view on the current situation. A deadline
for returning the questionnaire was set at four weeks from
the initial contact, and a reminder was sent to the contact
persons after a few weeks, as suggested by Rea and
Parker [22].

Alreck and Settle [23] identify three principal methods of
data collection in a questionnaire-based survey study: per-
sonal interviewing, telephone interviewing and mail data
collection. However, currently an increasingly popular
way is to conduct a computer assisted web-based survey
[21]. There are multiple reasons for selecting web-based
data collection in this research. For one, this enabled data
storage in electronic format as well as immediate access
to the data from the database. Researchers were therefore
able to keep daily track of the received responses. On the
other hand, this was also considered to eliminate the
human errors resulting of manually entering the data from
questionnaires in a database, as suggested by Nardi [21].
The web-based data collection also overcomes some limit-
ations of ordinary mail surveys and other data collection
mechanisms in terms of speed and cost. In addition, a low-
response rate — very rarely over 30% — is often considered
a problem especially for direct mail data collection [23]. On
the other hand, web-based surveys indicate an increase in
the response rates [21].

3 Results

In the following sub-sections, the results of the survey are
analysed from the viewpoint of the goals set for the study.
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Section 3.1 shows the demographic data from the compa-
nies and projects participating in the study. This is followed
by an evaluation of what agile software methods had been
used in the respondent projects of the target organisations
(3.2). Finally, in section 3.3, the perceived usefulness of
the adopted agile methods is reported.

3.1 Background of the respondent organisations
and projects

In total, the questionnaire study provided data from 35 pro-
jects from 13 out of the 18 target software organisations
from the eight European countries involved in the project.
The study involved: three organisations from Belgium,
one from Bulgaria, three from Finland, one from France,
one from Italy, one from the Netherlands, one from
Slovenia and two from Spain.

In the questionnaire, background data was requested on
both the respondent organisation and the project. The
respondents included projects (11) from small organisations
(less than 50 employees), 11 projects from medium sized
organisations (between 50 and 250 employees) as well as
13 projects from large (over 250 employees) organisations.
The number of respondent projects per organisation varied
from one to seven among the participant organisations.

Fig. 1 shows the projects participating in the survey in
terms of the ‘agility’ framework proposed by Boehm and
Turner [24]. The alignment of the respondents (i.e. each
project) within each dimension is defined by bullet points.
Each bullet represents a number of projects having a
particular characteristic (shown by size of the bullet as well
as the number within each bullet). Because of some
missing data, two projects are left out of the figure. The criti-
cality, size and dynamism of the project follow the scaling of
Boehm and Turner [24]. For practical reasons, the scales of
culture and personnel experience have been altered.
Originally, Boehm and Turner suggest the scaling of
culture varies from 10% to 90% from order to chaos (from
‘culture where people feel comfortable and empowered by
having their roles defined by clear policies and procedures’

Personnel
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% < 3yrs % 3 +yrs
experience  experience

100 0
75 25
L 50 50 .
Criticality Dynamism
(Loss due the impact of (% Requirement-change

defects) /month)
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(Number of Personnel) Culture
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Fig. 1 Agile homeground of the respondent projects
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to ‘culture where people feel comfortable and empowered
by having many degrees of freedom’ [24, p. 55]). In the ques-
tionnaire, however, the degrees of freedom were defined in a
seven-point semantic differential scale [21] where the oppos-
ing values shifted from a high level of freedom to strict pol-
icies and procedures in a project. In addition, it was
considered difficult for software developers and project man-
agers to estimate the level of experience of the personnel in
project teams, using the levels of Cockburn [25] that
Boehm and Turner [24] have modified. Thus, the experience
level was defined in the questionnaire in years of experience
(<3 years, between 3—6 years and over 6 years). This was,
then, inserted into the personnel experience scale to illustrate
the division of project personnel into less experienced (<3
years) and more experienced (34 years).

It should also be noted that both ordinal and nominal
measures were used in collecting the background information.
In Fig. 1, the responses of ordinal measures, where the exact
value was not requested, are aligned with the degrees in the
scale (i.e. size and dynamism). In addition, the responses
acquired with nominal scale are aligned (Fig. 1) with the
exact scale degree (i.e. culture, criticality and experience).

Overall, it can be said that the agility homeground level
of the individual respondent projects varied largely depend-
ing on the dimension. None of the projects seemed to align
in either of the extremes for all the dimensions. However,
especially from the viewpoint of the experience of the per-
sonnel, criticality and project size, the majority of the
respondent projects seem to operate in a homeground suit-
able for agile software development.

3.2 Actual use of agile methods

In the questionnaire, a number of agile software develop-
ment methods and practices were raised to find out what
agile software methods have actually been adopted in the
respondent projects. The verbal frequency scale [23] was
used to define the level of adoption of each of the listed
items. The verbal frequency scale includes ‘five words
that indicate how often an action has been taken’ [23,
p- 118]. In the questionnaire, the scale included the follow-
ing five adoption levels: (1) systematically used throughout
the project, (2) mostly used throughout the project, (3)
sometimes used in the project, (4) rarely used during the
project and (5) never used during the project. In addition,
the respondents were provided with the following answer
options: (6) not applicable and (7) I do not know. This
was considered to provide more accuracy and insight into
the responses. In this paper, the focus of evaluating the
current use of agile methods centres on two of the most fam-
iliar agile methods, namely XP and Scrum. The practices of
XP, as illustrated in Fig. 2, comply largely with the first
version of XP [26] which, at the time of conducting the
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Fig. 2 Use of XP practices in the respondent projects
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Table 1: XP practices and of their usage

XP practice Range
Responses Responses
‘systematically’ or  ‘rarely’

‘mostly’, % or ‘never’, %
1) open office space 66 22
2) coding standards 60 21
3) 40 h week (sustainable 59 26
pace)
4) continuous integration 44 31
5) collective code 42 48
ownership
6) refactoring 30 18
7) planning game 28 50
8) on-site customer 24 42
9) simple design 22 41
10) test-driven 18 56
development
11) pair-programming 15 51

survey, was considered more familiar for the respondents
than its updated version [27]. In Fig. 2, 10 of the 12 XP
practices, as defined in [26], are addressed excluding the
practices of small releases and metaphor. In addition, the
questionnaire focused on the test-driven aspect of testing
in XP.

Fig. 2 illustrates the reported usage of XP practices in the
respondent projects; the darker the colour the more system-
atically the practice is reported to have been applied. The
responses of non-usage (i.e. ‘never’) are illustrated in
white. In addition, the responses of non-applicable (N/A)
and ‘don’t know’ (?) are illustrated with different patterns
of black and white.

As can be seen in Fig. 2, a large proportion of the respon-
dents are using XP practices at least to a certain extent. In
the Table 1 the XP practices are organised in the order of
their usage — from the most to the least used. The first
‘Range’ of each practice illustrates the total percentage of
the responses in the categories of ‘systematically’ and
‘mostly’ used whereas the second range illustrates the
other extreme, that is, ‘rarely’ and ‘never’ used.

Thus, according to the data in this survey (Table 1), the
five most used XP practices among the respondents,
reported either as systematically or mostly used during the
project are: (1) open office space, (2) coding standards,
(3) 40 h week, (4) continuous integration and (5) collective
code ownership. However, on the basis of the responses it
cannot be estimated whether the respondents have applied
each practice as part of XP. In fact, it could be argued
that especially the three most used practices can be easily
applied independently of the XP method or agile develop-
ment. On the other hand, the least used XP practices, such
as simple design, TDD, planning game (iterative planning)
and on-site customer, are likely to require more fundamen-
tal and extensive changes in the development approach,
technologies and mindset.

In addition, whereas TDD and pair programming were
reported as the least ‘systematically’ or ‘mostly’ used prac-
tices of XP, they were also the top findings in the ‘rarely’ or
‘never applied” categories (TDD 56% and pair-
programming 51%). Collective code ownership, however,
seems to be the most controversial of the practices,
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gaining a very high percentage of ‘sometimes’ responses
(33%). In addition, the most non-applicable XP practice
among the respondents was the on-site customer (12%).
The three XP practices that did not gain any ‘non-
applicable’ responses were continuous integration, coding
standards and the 40 h week. The two XP practices that
gained ‘I do not know’ responses were refactoring and
simple design. However, on the basis of the survey, it
cannot be evaluated whether this was related to the unfami-
liarity of the practices, lack of experience with them, or
both.

Fig. 3 shows the reported usage of Scrum practices, as
defined in [28]. It should be noted that in Scrum, the
Sprint Backlog is defined as a specific part of Sprint
Planning activity rather than an individual practice. The
Product Backlog seems to be a most favoured Scrum prac-
tice. Actually, 24% of the respondents claim to use it sys-
tematically or mostly throughout the project. However, all
the Scrum practices seem to receive a high percentage of
‘never’ and ‘I do not know’ responses. Only a small pro-
portion of the respondents (ranging from 9% to 21%)
claimed to apply the other Scrum practices either systema-
tically or mostly in their project. This may indicate unfami-
liarity with Scrum among a large proportion of the
respondent projects at the time of the survey.
Furthermore, in the questionnaire the concept of Product
Backlog was not strictly associated with Scrum and, thus,
it could have been considered as a more universal concept
for managing requirements in projects.

In Fig. 4, the data on the adoption of XP and Scrum in the
respondent projects is illustrated. The percentage of the
responses in each point of the scale is presented as an
average on all the responses of all the practices of the
method. In this way, the data of the two methods are some-
what comparable. Fig. 4 demonstrates a clear trend of
higher adoption of XP practices in the respondent projects.
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Whereas the responses concerning the use (systematically,
mostly, sometimes and rarely) are consistently higher in
XP, the responses indicating the ‘non-use’ or ‘non-
applicability’ (never and N/A) as well as the responses
referring to the unfamiliarity of the practices (I do not
know) are consistently higher in Scrum. On average, 54%
of the responses referred to systematically, mostly or
sometimes applying XP. The corresponding figure in
Scrum is 27%.

3.3 Experienced and expected usefulness of agile
methods and practices

In this section, the results of two kinds of cross-tabulation
are presented and discussed. First, the questionnaire
responses where at least some level of use of a practice of
XP or Scrum (systematic, mostly, sometimes or rarely) is
reported are mapped with the reported level of usefulness.
The related research question is: ‘how useful have the
adopted methods been regarded?’ Secondly, the responses
where there has been no usage of certain agile practice
(i.e. none, not applicable or I do not know) are mapped
with the estimated level of usefulness (in the future pro-
jects). The related research question of this mapping is:
‘what is the potential usefulness of the agile practices?’

In the questionnaire the level of current use of an agile
method was requested using the scale of: (1) systematically
used throughout the project, (2) mostly used throughout the
project, (3) sometimes used in the project, (4) rarely used
during the project and (5) never used during the project. In
addition, the respondents were provided an opportunity to
select the following answers: (6) not applicable and (7) 1
do not know. Instead, the intensity of the usefulness (esti-
mated or experience based) was requested using the scale
of: (1) extremely useful, (2) very useful, (3) useful, (4) not
useful, (5) harmful, (6) not applicable and (7) I do not know.

In Fig. 5, the perceived usefulness of XP and Scrum
methods are illustrated.

To illustrate the experienced usefulness of the two agile
methods, Fig. 5 includes only the responses which have
reported the adoption of the agile method at least to some
extent (systematically, mostly, sometimes or rarely). Thus,
the responses of ‘never’ ‘not applicable’ or ‘I do not
know’ are excluded from the analysis. In addition, the
responses illustrated in Fig. 5 are counted from the
responses of all the practices of an individual method (XP
or Scrum).

While examining the XP data, first it can be seen that the
proportion of positive experiences is remarkably high.
Nearly 90% of the responses where practices of XP had
been applied (at least to some extent) could be considered
positive (extremely useful, very useful or useful) whereas

0O XP/Experiences
~ | m Scrum/Experiences ||

Fig.5 FExperienced usefulness of XP and Scrum
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only 5.8% could be characterised as strictly negative ones
(not useful or harmful). In the data of Scrum, the corre-
sponding figures were 77% of strictly positive responses,
whereas nearly 11% of the responses referred to negative
experiences of Scrum (not useful). Thus, the comparison
of the responses reveals the somewhat more positive
experiences with XP than Scrum (90% against 77%).
However, it should be noted that the experienced usefulness
of Scrum gained a very high percentage of ‘I do not know’
responses compared with XP (4.5% against 12.3%).

When viewing the data of the individual practices of XP,
the most appreciated XP practices among the respondents
that had actually applied the practices (at least to some
extent) were: (1) collective code ownership, (2) 40 h
week, (3) coding standards and (4) simple design. No nega-
tive experiences were reported on any of these four XP
practices, and collective code ownership and 40 h week
gained only positive responses (i.e. extremely useful, very
useful or useful). On the other hand, the least appreciated
of the applied XP practices were: (1) pair-programming
(20% negative responses), (2) TDD (12% negative
responses) and (3) on-site customer (11% negative
responses). It, however, should be noted that XP does not
claim to provide new software development practices but,
rather, provides a novel mixture of the existing ones [26].
Thus, based on the responses, it cannot be estimated
whether the respondents have applied each practice as
part of XP. For example, the most used practices of XP
are the 40 h week and coding standards, both of which
can be applied in any process model of software develop-
ment whether agile or traditional.

Among the respondents who had not applied the individ-
ual practices of XP, a total of 28% of the responses revealed
negative expectations towards the overall variety of XP
practices. Still, the positive expectations were considerably
high (57%) among these respondents.

Compared with XP, the practices of Scrum might be con-
sidered more method specific than independent considering,
for example, starting from the Scrum-specific naming of the
practices (besides the product backlog). Thus, unlike in the
case of XP practices, the respondents’ claims of using
the Scrum practices could be assumed to be the use of
them as a part of the Scrum method. The data in Fig. 3 indi-
cates that roughly two-thirds of the respondents had not
been applying the individual Scrum practices in their pro-
jects. An exception to this is the Product Backlog, which
had been applied by 74% of the respondents.

The most appreciated Scrum practice seemed to be the
Product Backlog. This practice did not give negative
results and only a few ‘I do not know’ responses among
the respondents who had applied it, at least to some
extent. In addition, the Product Backlog practice seemed
to also receive most positive expectations among the
respondents who had not applied it in practice. Overall,
the responses concerning all the Scrum practices seem to
be very favourable among the respondents who had actually
applied Scrum at least to some extent. The least positive of
the Scrum practices is the Sprint Planning Meeting which,
nevertheless, gained a total of 71% of positive responses
of its experienced usefulness.

The expected usefulness of Scrum practices (i.e. the
responses of ‘none’, ‘not applicable’ or ‘I do not know’),
despite the Product Backlog, seem to be roughly divided
in half positive and negative expectations. However, it
should be pointed out that none of the respondents con-
sidered any of the Scrum practices as harmful but rather
as ‘not useful”’ or ‘not applicable’ in their own operational
environment.
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Generally speaking, however, all the Scrum practices
seemed to gain a much larger proportion of ‘I do not
know’ responses in the survey than the practices of XP,
regarding both the experienced as well as expected useful-
ness of the methods. For one, this could imply the high unfa-
miliarity with the individual practices of Scrum at the time
of the survey. On the other hand, the XP practices may have
more visibility in the daily work of the respondents.
However, more data would be needed to make any broad
generalisation or conclusion.

In addition, in both methods of study, there seems to be
an improvement in attitude when comparing the expec-
tations with the experiences. While examining the XP
data, it can be seen that nearly 90% of the responses
where the practices of XP had been applied (at least to
some extent) could be considered positive whereas only
5.8% could be characterised as negative ones. Instead,
among the respondents not having applied the individual
practices of XP in practice, a total of 28% of the responses
revealed negative expectations towards XP. Still, the
number of positive expectations was considerably high
(57%). The data of Scrum revealed the same trend; the
ones having actually applied the practices reported more
positive experiences (77%), than were the positive
expectations of the group that had no experience of the
practices (28%).

4 Conclusions and limitations of the study

The goal of this study is to provide insights, experiences and
knowledge on XP and Scrum methods of agile software
development from European embedded software organis-
ations known to be interested and active in adopting and
exploring agile methods. This questionnaire-based survey
research provides results from 35 projects from 13 software
organisations of different sizes from a total of eight
European countries. The focus of the questionnaire was to
examine the level of adoption as well as the experienced
usefulness — or expected usefulness if there was no experi-
ence available — of individual practices of XP and Scrum.

The principal results concerning XP are as follows: 54%
of the responses referred to systematically, mostly or some-
times applying the practices of XP. The most used XP prac-
tices among the respondents were: (1) open office space
(66% of the responses), (2) coding standards (61%), (3)
40 h week (59%), (4) continuous integration (44%) and
(5) collective ownership (42%). The XP practices that
gained most ‘never applied’ responses were: (1) TDD
(41%), (2) pair-programming (33%), (3) collective code
ownership and on-site customer (both 30%) as well as and
(4) simple design and planning game (both 28%). The
most non-applicable XP practice among the respondents
was the on-site customer (12%). In addition, nearly 90%
of the responses where practices of XP had been applied
(at least to some extent) could be considered positive (extre-
mely useful, very useful or useful), whereas only 5.8%
could be characterised as strictly negative ones (not useful
or harmful).

The principal results concerning Scrum are as follows:
27% of the responses referred to systematically, mostly or
sometimes applying the practices of Scrum. The Product
Backlog was reported to be the most favoured Scrum
practice. Altogether, 24% of the respondents claim to use
it systematically or mostly throughout their project.
However, all the Scrum practices seem to receive a high
percentage of ‘never’ and ‘don’t know’ responses. Only a
small proportion of the respondents (ranging from 9% to
21% depending on the practice) claimed to apply the
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other Scrum practices either systematically or mostly in
their project. In addition, 77% of responses where practices
of Scrum had been applied (at least to some extent) could be
considered positive (extremely useful, very useful or
useful), whereas nearly 11% of the responses referred to
negative experiences of Scrum (not useful).

Furthermore, the results suggest an improvement in atti-
tude when comparing the respondents of no experience with
XP and Scrum practices. Nearly 90% of the responses
where practices of XP had been applied (at least to some
extent) could be considered positive whereas only 5.8%
could be characterised as negative ones. Instead, among
the respondents not having applied the individual practices
of XP in practice, a total of 28% of the responses revealed
negative expectations. However, the number of positive
expectations was still considerably high (57%). The data
of Scrum revealed the same trend; the ones having actually
applied its practices reported more positive experiences
(77%), than the positive expectations of the group that
had no experience of Scrum (28%). Thus, the experienced
usefulness of the practices was clearly higher than the
expected usefulness among the respondents not having
applied the practices of XP and Scrum in their projects.

Because of the purposive sampling of the respondent
organisations (embedded software development organis-
ations known to be interested in adopting agile methods)
there is a limited amount of responses (35 projects from
13 organisations) available. Thus, no broad generalisations
can be made based on this evidence alone. It should be
noted that the purposive sampling used in this survey also
means that the responses may well be more favourable
(regarding, for example, the expected usefulness) for the
agile methods as results gained from a randomly sampled
group of software development organisations. However, it
should also be noted that the respondents of each organis-
ation included personnel from different projects; not only
those actively participating in the Agile-ITEA research
project. The possible bias caused by the above fact,
however, was a necessary choice founded on the goals of
this study, that is, to provide first-hand knowledge of the
adoption and experience of two of the most known agile
methods, namely, XP and Scrum, in a set of European
organisations of embedded software known to be interested
and active in experimenting with agile software develop-
ment methods.

In addition, the survey results are naturally bound to be
affected by the subjective opinions, attitudes and current
knowledge of the individual respondents, and provide a
very narrow viewpoint of each individual organisation as
a whole. The different backgrounds, knowledge and experi-
ences of the respondents with regard to traditional and agile
software development are also likely to affect their under-
standing and interpretations of the method-specific ques-
tions on XP and Scrum in the questionnaire. The ‘I do not
know’ alternative was provided in order to avoid erroneous
responses because of lack of knowledge concerning the
topic at hand. In fact, over 20% of the Scrum responses
referred to this alternative, possibly indicating a fairly low
level of knowledge of Scrum and its specific terms. It is
highly likely that the adaptation of XP and Scrum has
also required adaptation of the different practices to fit the
complex environment of embedded software development.
Thus, the application and adaptation of different practices
of XP and Scrum, as well as the extent of use of the two
methods, are also bound to differ from organisation to
organisation and from project to project. This study does
not reveal the respondents’ experienced application and
adaptation of XP and Scrum and, consequently, it is not

63



evaluated how this may have affected the results. Generally
speaking, however, it could be argued on the basis of the
results of this study that embedded software development
organisations seem to be able to apply the two agile
methods, namely, XP and Scrum, and their individual prac-
tices in their projects and report fairly positive results of
their application.
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