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Abstract In essence, optimal software engineering means
creating the right product, through the right process, to the
overall satisfaction of everyone involved. Adopting the agile
approach to software development appears to have helped
many companies make substantial progress towards that goal.
The purpose of this paper is to clarify that contribution
from comparative survey information gathered in 2010 and
2012. The surveys were undertaken in software development
companies across Northern Ireland. The paper describes the
design of the surveys and discusses optimality in relation
to the results obtained. Both surveys aimed to achieve com-
prehensive coverage of a single region rather than rely on
a voluntary sample. The main outcome from the work is a
collection of insights into the nature and advantages of agile
development, suggesting how further progress towards opti-
mality might be achieved.
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1 Introduction

Optimizing any human activity means finding a balance
among the factors affecting the outcome, to achieve the
best results overall. Typically, there are many such factors
involved but these can often be distilled down to a ‘vital few’.
For example, in competitive cycling, “the rider who gener-
ates the most power, for the longest duration, whilst weighing
as little as possible, and slipping efficiently through the air,
usually wins the race” [1]. In software engineering, the cor-
responding key factors for success are: (1) the quality of the
end product; (2) the efficiency and effectiveness of the devel-
opment process; and (3) the resulting satisfaction of both the
software producers and those who use it—at both a techni-
cal and business level. In particular, the developers should be
proud of what they have created, the work suitably rewarded,
and the development process and product meet the needs and
expectations of both the business customer and the end-users.

In the 1990s, achieving optimality was typically based
on the use of process reference models, such as CMMI [2].
The general strategy was to compare an organization’s soft-
ware development practices with the ideals described in these
models, and then make improvements by addressing any dif-
ferences found.

The agile paradigm, emerging in 2001 [3], introduced an
alternative approach: one based on initial process tailoring
and subsequent continuous improvement—achieved through
ongoing review and follow-up response to deficiencies found.
This is described in a Forrester report published in 2010 [4],
as agile methodologies not being used ‘out of the box’ but
instead, “teams are puzzling out the mix of methodologies
and combining them to fit within their organizational reali-
ties.”

That approach suggests a reasonable path towards opti-
mality, with organizations progressively experimenting with
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agile techniques to identify the best combination for their own
particular circumstances. Unfortunately, there is a difficulty
here, in that there is currently no agreed reference model
against which to make decisions, because both the princi-
ples and practices of software development are still evolv-
ing. In particular, a clear definition of ‘agile development’
has yet to emerge. For example, the definition from the Agile
Alliance is effectively given in historic terms [5]: “In the late
1990s several methodologies began to get increasing pub-
lic attention. Each had a different combination of old ideas,
new ideas, and transmuted old ideas. But they all empha-
sized close collaboration between the programmer team and
business experts; face-to-face communication (as more effi-
cient than written documentation); frequent delivery of new
deployable business value; tight, self-organizing teams; and
ways to craft the code and the team such that the inevitable
requirements churn was not a crisis.”

This is useful in identifying core attributes of agile prac-
tice but it makes no attempt to prioritize them, identify sec-
ondary attributes that may also be important, or suggest that
the understanding of agile development is evolving.

More recently, Ambler, in the Encyclopedia of Software
Engineering (Taylor & Francis) [6], offers the following
definition: “agile software development is an evolutionary,
highly collaborative, quality-focused approach to software
development where potentially shippable working software
is produced on a regular basis.” This is similar to the Agile
Alliance definition, but suggests ‘regular’ rather than ‘fre-
quent’ delivery of software, and raises the importance of
product quality. Ambler then goes on to propose five criteria
for a development team to be classified as ‘agile’ [6]:

• Produce working software on a regular basis
• Do continuous regression testing (and better yet, take a

test-driven development approach)
• Work closely with their stakeholders, ideally on a daily

basis
• Be self-organizing within an appropriate governance

framework
• Regularly reflect on how they work together and then act

to improve on their findings

This description expands on the initial definition but in
doing so constraints the scope of acceptable agile practice to
a level that seems overly prescriptive.

A third and final example can be found in the current
Wikipedia description [7], which states that: “agile soft-
ware development is a group of software development meth-
ods based on iterative and incremental development, where
requirements and solutions evolve through collaboration
between self-organizing, cross-functional teams.” This sum-
mary stresses the evolutionary aspect of software develop-
ment and highlights the importance of team organization

and structure but largely delegates the definition of agile
development to ‘agile methods’. Currently, the most popular
methods are Scrum [8–10], Kanban [11,12], XP (eXtreme
Programming) [13] and DSDM (Dynamic Systems Devel-
opment Method) [14]. Such methods are well defined but
users are encouraged to adapt them to the needs of specific
circumstances [15] so again there is uncertainty as to what
agile software development necessarily entails.

One approach to clarifying this uncertainty, and hence
help in its resolution, is through the study of current practice
in organizations. What are organizations doing, where have
they found benefit, and what are the implications for soft-
ware engineering in general? That is the focus of this paper.
It describes successive studies in 2010 and 2012 in which the
views of software development companies in Northern Ire-
land were surveyed. The main motivation for the work was
(1) to gain insights into the essential nature of agile devel-
opment to better understand its strengths and weaknesses;
and (2) to identify the key elements of agile practice that
might form the basis of a reference model for assessing and
improving agility in organizations.

Section 2 of the paper describes the design and imple-
mentation of the study, covering its objectives, the resulting
question-set produced and the survey process followed. Sec-
tion 3 presents the results obtained in the context of agile
development moving to a central role in software engineer-
ing, identifying the limitations of the study. Section 4 then
examines the need for a greater clarification of agile con-
cepts as a basis for making further progress towards optimal
software engineering.

2 Survey design and implementation

The authors undertook surveys of Northern Ireland software
development companies in 2010 and 2012. These differed
from most agile surveys [16–19] in attempting to have com-
prehensive coverage of a region rather than rely on general
volunteers.

The main purpose of the 2010 survey was to assess the
level of agile adoption in the province. The intention in 2012
was to rerun the 2010 survey with the same set of companies,
adding questions as necessary to help understand how their
agile practice was maturing. The sub-sections that follow
describe the process that was followed in each case and the
design of the questionnaires involved.

2.1 2010 Survey

The first step in 2010 was to identify the companies that
might participate. This was achieved by building the sur-
vey around the software development companies that had
either engaged with Invest Northern Ireland (INI—the local
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economic development agency) or who had joined Momen-
tum, the trade association for the ICT industry in Northern
Ireland. Fifty-six companies were identified in this way.

To give authority to the survey, the initial invitation to
participate was issued by INI, using email directed at the
CEO, CIO, CTO or senior representative in each organiza-
tion. Participation was, however, optional. About half of the
companies contacted agreed immediately to take part but oth-
ers needed further encouragement, bringing the final total up
to 37.

The next stage of the survey was to issue and oversee the
completion of the questionnaire. Given that there were three
researchers involved (the authors) and the companies to be
surveyed had a relatively narrow geographical spread, it was a
straightforward decision to gather information face-to-face,
through structured interviews. The direct contact approach
made the size and wording of the questionnaire less critical
and helped achieve (1) a high response rate; (2) full com-
pletion of each questionnaire (recording additional notes, as
appropriate); and (3) consistency in the interpretation of each
question.

2.2 2012 Survey

In principle, refreshing the results of the 2010 agile survey in
2012 simply required the original 37 participants to update
their 2010 responses, and answer a few additional questions if
using agile development routinely. In practice, however, a rel-
atively large number of organizational changes had occurred
in the interim, with the effect that only two-thirds of the
2010 contacts replied to the invitation to take part in the new
study. Some contacts had changed jobs, but major organi-
zational changes had also occurred. For example, two com-
panies were no longer in operation, one had transferred its
development activity outside Northern Ireland, and six had
been acquired by larger companies, including IBM, HP and
Oracle.

With effort, contact was eventually established with 32
of the original 37 participants. New companies had also
been identified, and as the goal was to have comprehensive
regional coverage, as many as possible were recruited; an
additional eight companies brought the final total up to forty.

As in 2010, the intention was to have face-to-face meet-
ings with each company but in cases where there had been
little change since the previous survey the original question-
naire was simply updated and returned. For most participants,
however, the changes from 2010 were significant.

2.3 Questionnaire

The questionnaire had two main sections: one gather-
ing summary information about each organization and the
other capturing details of its experience with agile software

development. The questions on the organization covered how
long the company had been in operation, its business area
(including types of software produced), its autonomy (inde-
pendent or part of a larger organization), its size (technical
staff and overall numbers), and any conformance to external
standards, such as ISO 9001 or CMMI.

The number of technical questions posed depended on the
agile experience of the organization. Twenty questions were
put to those companies that used agile development routinely.
The first twelve established when agile use began, why and
how it was introduced, the extent of its use, involvement in
specific agile methods, selection of team members, team sizes
and locations, and the number of projects completed so far.

More detailed questions then followed, focusing mainly
on the product, process and people benefits involved. Specif-
ically, the questions covered:

• Identification of product benefits: The impact of agile
development on the software attributes cited in the
ISO 9126 Quality Model [20] (functionality, reliabil-
ity, usability, efficiency, maintainability, and portability),
as an indication of perceived product benefits. Survey
respondents replied on a scale of −2 (much worse) to +2
(much improved) against each of the ISO 9126 product
characteristics.

• Identification of process benefits: An assessment of the
advantage or disadvantage in using agile development
across over 30 individual software engineering activi-
ties, including aspects of requirements analysis, system
design, and project management, again on a scale from
−2 (much worse) to +2 (much improved).

• Identification of people benefits: An assessment of the sat-
isfaction of clients, developers and their managers, on the
same scale of −2 (much worse) to +2 (much improved).

• Alignment with agile principles: The level of agreement
or disagreement with the 12 Principles of Agile Devel-
opment on a scale from −2 (strongly disagree) to +2
(strongly agree). This was to clarify each company’s
understanding and implementation of the agile approach.

• Use of agile techniques: The level of experience, if any,
with the 12 practices of XP [11], as an indication of each
company’s use of specific agile techniques. Replies were
on a scale from 1 (less than 1 year) to 5 (5 or more years).

• Use of agile tools: Details of any specific tools used in
the support of agile development, to identify the most
popular and assess their influence on practice.

To make a direct comparison between the 2010 and
2012 surveys, the 2010 questionnaire was used in 2012 but
extended with questions related to maturity of practice. As
the questionnaire was already lengthy, care had to be taken
when adding new material to avoid deterring participants.
It was decided, therefore, to have just one additional page
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and motivate it with a single research question: “How close
are organizations to achieving optimal benefit from an agile
approach?” The aim was to clarify areas of practice where
additional research and development was needed.

Detailed questions were then asked on this theme, inviting
participants to rate their organization’s performance on eight
aspects of agile development on a scale from ‘minimal’ to
‘optimal’, covering:

• The maturity of its engineering practice—was it well
established and well understood?

• The effectiveness of its development process—was it effi-
cient and delivering high quality products?

• Gains from specific agile techniques—were techniques
known and used appropriately?

• Gains from available agile tools—were tools known and
used effectively?

• Avoidance of possible side effects—were there any neg-
ative outcomes from agile use?

• Use in unfavorable circumstances—was the agile
approach used even if the development/business envi-
ronment did not lead naturally to an agile approach?

• Use across the organization—was the agile approach
used outside software development as, in principle, it is
applicable to any type of project [10]?

• Ensuring compliance with external standards, if
appropriate—does the agile approach make it more or
less difficult to demonstrate compliance?

These additional questions effectively changed the empha-
sis of the survey from examining adoption practice to review-
ing the more advanced aspects of agile development used in
those organizations that applied it routinely.

2.4 Information gathering

A substantial amount of information was gathered at each
interview. For a company involved in agile development,
completing the questionnaire took roughly an hour; for oth-
ers, with little or no involvement, it was much shorter. To
help ensure that there was sufficient reflection on the answers
provided, it was decided to issue the questionnaire (electron-
ically) in advance of an interview, with a request to draft
responses as far as possible. At the interview, the answers
would then be confirmed, additional notes taken, and any
missing sections completed.

As a check on the suitability of the questionnaire, it was
piloted with three companies with whom the authors had
worked previously. No significant changes were necessary
following this evaluation.

The organizations surveyed covered a wide range of busi-
ness sectors, including insurance, retail, telecoms, financial,
aerospace, scientific, defense, healthcare, oil and gas, edu-

cation, security, and government. The software development
industry in Northern Ireland is composed, predominantly,
of small-to-medium sized enterprises (SMEs), with around
70 % employing fewer than 50 staff. The distribution of com-
pany sizes in 2012 was similar to that in 2010. One significant
difference, however, was that while there was an even split
between multinational and indigenous companies in 2010,
this had changed to a 60:40 ratio in favor of multinational
companies in 2012, mostly as a result of acquisitions though
some new companies had also been established. Acquisitions
require some re-alignment of practices between the organi-
zations involved. This is initially disruptive, but can accel-
erate adoption, as was noted in three cases. The presence of
multinational companies and the fact that many of the oth-
ers operated at a global level, suggested that any conclusions
drawn from this local survey would have wider significance.

3 Agile approach in software engineering

When the first survey was carried out in 2010 it was unclear
if agile development was replacing the traditional planned
approach or simply offered an alternative that could be
selected if circumstances were favorable. The survey results
indicate, however, that companies are tending to make it their
base technique, and using it even in circumstances where a
traditional approach would be a reasonable choice. The tenta-
tive conclusion, therefore, is that the agile model is moving
to a central role in software engineering. Below are three
related areas of evidence from the surveys to support that
view. These discuss: (1) the increased adoption of agile meth-
ods; (2) a reduction in the factors inhibiting agile use; and
(3) increased benefits from the agile approach.

3.1 Increased adoption levels

The first reason for concluding that agile is replacing planned
development as the standard approach to software engineer-
ing is that the level of agile adoption is high and rising. In
both the 2010 and 2012 surveys, each company was asked to
put its experience with agile software development into one
of four categories, ranging from ‘no experience’ to ‘general
approach taken across the organization’. Table 1 identifies
the number of companies in each category for each survey.

The main conclusion from the 2010 survey was that the
number of companies using an agile approach routinely for
development was around 50 %. Table 1 shows a significant
shift towards greater agile use in 2012, with the peak mov-
ing from Category C to Category D. Of the 32 companies
participating in 2010, five moved from C to D, one from B
to C, and one from A to B; because of acquisition, one also
moved directly from A to D. Exceptionally, one company
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Table 1 Levels of experience in agile use

Response Number of companies

2010 2012

A. No direct experience so far 6 3

B. Some experimental use 7 9

C. Routine use for some projects 15 10

D. General approach taken across
the organization

9 20

moved away from agile development (C to B) but that was
only because of key staff loss in downsizing.

The five companies that were unable to take part in the
2012 survey (3 no longer in operation) covered all categories:
1 A, 2 Bs, 1 C and 1 D. The eight new companies had at least
experimental use of agile development and their distribution
reflected the overall 2012 profile: 2 Bs, 2 Cs, and 3 Ds.

3.2 Reduction in inhibiting factors

In 2010, several companies described agile as “just another
tool in the box” and chose to use it when a project seemed
appropriate. Typically, that meant that requirements were
flexible and somewhat uncertain. That seemed sensible and
indeed was taken as an indicator of agile maturity at that
time. By 2012, the picture had changed, however, with some
respondents now opting to take an agile approach to every
project, making whatever adjustments were necessary when
conditions were unfavorable. One company, for example,
used an agile approach to a large fixed-price contract that
was based on a detailed upfront requirements specification.
Following the agile approach, they regularly delivered work-
ing software for evaluation, which everyone found benefi-
cial. To deal with the inevitable evolution in requirements
that occurred during the project, the specification was rene-
gotiated when necessary, either to swap one requirement for
another or charge for additional work. This process was ini-
tially difficult but improved as levels of trust increased.

Companies with contracts in the public sector are par-
ticularly affected in this way, with the additional burden
of an imposed hierarchical project management structure
[21]. This position is now easing, however, with an explicit
endorsement of the agile approach cited in the 2011 UK Gov-
ernment ICT Strategy [22]. This includes the statement “Gov-
ernment will apply agile methods to ICT procurement and
delivery to reduce the risk of project failure. Agile meth-
ods allow projects to respond to changing requirements and
ensure that the solutions meet business requirements.” The
implementation plan for this strategy set the ambitious tar-
get of using agile techniques in 50 % of major ICT-enabled
government programs by April 2013 [23].

Another conclusion drawn from the 2010 survey was that
very small companies did not really need any defined devel-
opment methods and were largely agile anyway in that they
worked together closely and had a strong product focus. Evi-
dence from the 2012 survey, however, suggests that there are
gains for all organizations and indeed that small companies
can gain most as it easier for them to adjust their develop-
ment process and to co-ordinate development activity. One
company, for example, cited significant benefit in a project
with just one developer, working for a month, using Scrum
over two 2-week sprints.

3.3 Improved benefit levels

Another advantage of agile development over the waterfall
approach is that is that it is rated more favorably in almost
every assessment category used in the surveys. Moreover,
this rating increased from 2010 to 2012, as company expe-
rience increased. In 2010, while two companies had taken
an agile approach to development in one form or another for
over 10 years, over a third of the respondents were still in the
first 18 months of routine use. Reflecting that range, roughly
10 % of companies had completed over 50 agile projects1

while 40 % had five or fewer. As might be expected, the level
of experience had risen substantially by 2012, with most com-
panies having completed at least 6–10 projects, and a quarter
now in the largest 50+ category.

For respondents, there were perceived benefits in the qual-
ity of software produced and the process used to create
it. Moreover, the benefits were experienced by all stake-
holders. With process benefits, for example, each company
(using agile development routinely) was asked to rate var-
ious process-related aspects of its approach on a scale of
−2 (much worse) to +2 (much improved), assessed against
previous experience with non-agile development. The ques-
tions related to activities with requirements, design, coding,
testing, maintenance, and overall developer productivity. In
2010, there were 24 respondents, giving a maximum cumula-
tive score in any question of +48, and a corresponding mini-
mum of −48. In 2012, there were 30 respondents. Here, their
scores have been scaled to the 2010 −48 to +48 range so that
the results can be compared directly, as shown in Fig. 1.

All of the cumulative totals in the graph are positive, mean-
ing that agile methods used are considered an improvement
over non-agile approaches in all of the process areas assessed.
Moreover, the score in 2012 was roughly 15 % higher than
in 2010, suggesting a growing satisfaction with the process
involved. Nevertheless, although seven of the ten areas are
stronger, there was less satisfaction with requirements gath-
ering and requirements management. Coping with evolving

1 For the purpose of the survey, a ‘project’ was defined as a phase of
development that concluded with a software release.
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Fig. 1 Perceived process benefits of agile approach (sample = 24 &
30)

requirements is an inherently difficult aspect of agile devel-
opment [24,25] and the drop in satisfaction may simply be
as a result of a greater appreciation of that difficulty now that
more projects have been completed. In 2012, four of the par-
ticipating companies felt that the handling of requirements
overall was worse with agile than in their previous approach.

Coding, testing and maintenance all show significant
enhancement, suggesting that companies are becoming more
comfortable with the basic development process. Also, agile
approaches typically improve testing, particularly through
test-driven development. Several companies commented that
this aspect of agile had been their area of greatest gain.

The lowest ranking activities were in design—particularly
architectural design, where only 10 of the 30 responding com-
panies in 2012 felt there was improvement over traditional
approaches. In fact, several companies reported that their
teams had to work harder to achieve a satisfactory archi-
tectural design and three companies felt that agile methods
were a retrograde step (up from two in 2010). The highly
iterative nature of the development activity can lead to wan-
dering designs if attention is not paid to this early on. Some
companies devote entire iterations to architectural design.
Likewise, refactoring activities help in continuous improve-
ment, so bringing overall software designs back into check.
This reflects the view of Cohn [26] that at least some archi-
tecture should take priority over functional development at
the start of a project. It is an ongoing area of debate [27],
however, and further investigation seems desirable to clarify
how best to balance up-front design with evolving system
development.

A similar pattern emerged in the assessment of per-
ceived improvement to the software product through an agile
approach, as summarized in Fig. 2.

As might be expected, product functionality and usability
are the two qualities most often enhanced through an iter-
ative agile approach, where the focus is very much on the
value of the developed product. Note that the rating of all six

Fig. 2 Perceived product benefits of agile approach (sample = 24 &
30)

aspects of product quality increased from 2010 to 2012—by
nearly 30 % on average—with only one company reporting
any negative impact in any area: namely reduced ‘efficiency’
because of a generally weaker treatment of non-functional
requirements in an agile approach.

The surveys asked questions to shed light on the degree
to which project management (efficiency and/or effective-
ness) had been improved using agile methods. Questions
related to: performance of both effort and cost estimation;
planning; tracking progress; reporting progress; managing
risks; configuration management; managing geographically
distributed teams; quality control; and contract negotiation
(fixed price versus time-and-materials). Figure 3 presents the
results.

Again, there is a positive story here, with all but two results
showing an increase in satisfaction with project management
between 2010 and 2012, and the scores for each area up by
nearly 50 % on average. The reduction in the rating for quality
control may seem anomalous in that product quality assess-
ment is up. In looking more closely at the data, however,
those companies reporting a drop in quality control also have
product issues. This needs further investigation but seems
connected to an increased emphasis on code production and
programmer productivity in these companies. Finding the
right balance between product quality and productivity is an
on-going challenge in the agile approach.

Note that this is the only graph showing a negative cumu-
lative score, which is for fixed price contracts. Three com-
panies with experience of fixed price contract negotiation
(common to both surveys) felt that agile software devel-
opment performed significantly worse than their previous
approaches. This was because of the perception that too
much customer engagement, combined with the somewhat
unpredictable nature of subsequent evolutionary develop-
ment cycles, leads to difficulties with longer-term planning
and estimation, which then hampers commitment to fixed-
price contracts. It is also due to a natural fit between contracts
and extensive upfront requirement analysis and the command
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Fig. 3 Perceived management
benefits of agile approach
(sample = 24 & 30)

and control approach implied by contracts. The Agile Man-
ifesto on the other hand explicitly states that priority should
be given to “customer collaboration over contract negotia-
tion.” For a discussion of alternative risk-sharing contracts,
see [28].

These results indicate that managers generally benefit
from an agile approach. The other two important stakeholder
groups to consider are developers and customers.

3.3.1 Developer satisfaction

‘Developer interest’ was reported as a strong driving force in
companies adopting an agile development approach. Anec-
dotally, one company indicated that “using an agile approach
has added a lot to the software engineering role. Software
developers like it and there is more engagement as a result.”
With such buy-in from developers, it is interesting to explore
some of the possible reasons. The survey asked three specific
questions. These covered:

• Visibility of progress: did a clearer view of project
progress provide a greater sense of achievement?

• Clarity of role: how important was the greater clarity of
the developer role in the process?

• Reduced rework: was development more satisfactory
through lower levels of rework?

The results are shown in Fig. 4.
The level of developer satisfaction increased by about

18 % over the same measures assessed in the 2010 survey,
with improvements in all areas and the same order of impor-
tance maintained. Better ‘visibility of progress’ scored high-
est, with over 85 % of companies in 2012 reporting benefits.

Rework was the lowest scoring aspect in this category.
About 15 % of companies reported having more rework with

Fig. 4 Perceived developer satisfaction with agile approach (sam-
ple = 24 & 30)

agile approaches than with previous approaches, but 70 %
had reduced levels.

The clearer view of role is the most improved area, which
seems to be directly related to the highly visible way that
developer activity is presented and discussed.

3.3.2 Customer satisfaction

The survey asked four questions related to customer satis-
faction: Did customers receive faster responses when agile
methods were used? Was there better engagement? Did cus-
tomers benefit from a reduction in the overall costs as a result
of employing agile methods? Finally, did the customer end
up with a better quality product? The cumulative results for
these questions are presented in Fig. 5.

Overall benefits were reported in all areas except ‘reduced
costs’, though the level of satisfaction increased in the 2012
survey. Roughly 50 % of companies felt that agile develop-
ment reduced costs, 40 % were neutral and 10 % reported
increases.
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Fig. 5 Perceived customer satisfaction with agile approach (sam-
ple = 24 & 30)

In both surveys, about 80 % of respondents felt that the
end product quality was improved through their agile process.
The ultimate goal of any software company must be to deliver
better product quality. This can improve customer satisfac-
tion and build company reputation.

3.4 Survey limitations

In interpreting the above results a number of limitations
should be taken into account:

• The study focused solely on the software industry in
Northern Ireland, which is a very small geographical
region. In this sense, it is unclear as to how generaliz-
able the findings may be. However, many of the survey
respondent companies were subsidiaries of large multina-
tional organizations, where the internal practices may be
expected to follow organization-wide directives. There-
fore, it seems reasonable to believe that the results, whilst
restricted to a small region, nevertheless reflect working
practices and experiences representative of a much larger
geographical base.

• The survey unit was a ‘company’ rather than its individ-
ual staff, with their personal experiences and opinions of
agile working practices. This would be useful to inves-
tigate as part of a program of future work. However, it
means that the answers to some of the questions in the
survey will reflect the views of the individual respondent
and may not always correspond to the consensus among
other staff.

• The survey sampling process attempted to contact rep-
resentatives of all software companies in the region but
not all responded. In 2010, based on knowledge from
other sources, it seemed likely that many of these com-
panies had no agile involvement and this assumption was
made in estimating agile adoption across the region. By
2012, some of the non-responding companies clearly had
agile experience but chose not to contribute. This may be

because of difficulty with the approach so the missing
information from this group could bring down the levels
of benefit reported.

• The results combine views from all companies that were
using an agile approach routinely for projects. There is no
distinction, for example, between (1) small startups and
large multinationals, (2) product-oriented and service-
oriented companies, and (3) novices and experienced
users. Such details were gathered, but the data has yet
to be examined for evidence of correlation between cir-
cumstances and benefits. However, there were no obvious
relationships sensed during the survey, so any qualifica-
tion of the results that might emerge would be relatively
minor.

4 Agile definition

Another significant insight from the surveys was the need
for the agile concept to be more clearly articulated. In 2010,
this seemed less important because of the widespread use of
Scrum, which if adopted universally and in full, would have
provided a de facto agile definition. In practice, the influence
of Scrum seems to be diminishing. Of the 24 companies in the
2010 survey using agile development routinely (categories C
and D), 11 were using Scrum, 8 a combination of Scrum with
XP, and the remaining 5, various mixtures of Scrum, RUP, and
DSDM. Thus, Scrum was the clearly dominant framework
for the agile approach at that time. This matched the find-
ings of the Forrester report, covering the same period, which
identified Scrum as the overwhelming favorite methodology
among adopters because of its simplicity, practicality and
rapidly growing popularity [4].

The pattern in 2012 appeared similar, with 22 of the 30
companies in the C or D categories mentioning some link
to Scrum. However, there was significant tailoring involved,
with some companies now feeling that they had effec-
tively developed their own methodology. Also, four com-
panies mentioned the replacement of Scrum with a lean soft-
ware development approach based on Kanban [11,12]; one
recently established company was set up with Kanban from
the outset, and believed it to be superior to Scrum.

The relationship between agile and lean software develop-
ment was an issue in the survey. For some respondents, the
terms seemed interchangeable; for others they represented
different development alternatives that were evolving sepa-
rately; and a third group believed that ‘agile’ was the over-
arching concept, with lean ideas informing agile practice.
This third interpretation was the one that respondents were
encouraged to use, with agile development defined in the
questionnaire as a way of “creating software in short itera-
tive cycles, with regular reflection on both the product and the
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Fig. 6 Average agreement with the 12 agile principles (sample = 24 &
30)

process used in its creation”—this encapsulates both Scrum
and Kanban.

Examples of the tailoring of Scrum revealed by the sur-
vey included: (1) running sprint planning in parallel with
implementation so that one sprint could follow immedi-
ately after another; and (2) detaching the sprint retrospec-
tive from the sprint cycle to be handled more broadly as
part of general process improvement across the organiza-
tion. Such changes raise the question of their impact on the
effectiveness of the revised process. It is therefore desirable to
have clearer guidelines on what constitutes an agile approach
so that the consequences of any variation introduced are
understood.

As implied in Sect. 1, the agile Manifesto and associated
Principles [3] do not define the agile approach adequately.
One issue is that the Manifesto is too abstract (vague) to
be a basis for confirming compliance. The Principles should
complement the Manifesto and provide that detail but the
authors seem to have little confidence in its content. For
example, Cockburn (one of the original 17 authors), writ-
ing shortly after the Principles were developed suggested
that: “These statements should evolve as we learn people’s
perceptions of our words and as we come up with more
accurate words ourselves. I will be surprised if this particu-
lar version isn’t out of date shortly after the book is pub-
lished” [13, p. 219]. Unfortunately, no such revision has
yet appeared. Further dissatisfaction with the Principles was
indicated in the discussion session at the 2011 reunion cele-
brating the creation of the agile paradigm [29], where it was
admitted that there was less focus on the Principles than the
Manifesto in 2001, implying that some further thought was
needed.

Participants in both the 2010 and 2012 Northern Ireland
studies were asked to rate their support of the principles.
This was mostly to confirm their understanding of an agile
approach but had the interesting side effect of highlight-
ing three principles that had much less support, as shown
in Fig. 6.

The principles affected were:

• Welcome changing requirements, even late in develop-
ment. Agile processes harness change for the customer’s
competitive advantage (2)

• Agile processes promote sustainable development. The
sponsors, developers, and users should be able to main-
tain a constant pace indefinitely (8)

• The best architectures, requirements, and designs emerge
from self-organizing teams (11)

This result suggests that these principles, in particular,
require further thought, though perhaps support for Principle
2 may be increased simply by replacing the word ‘welcome’
with ‘accept’!

A recently published survey by Williams [30] shows a
very similar pattern of results from a sample set of 326 par-
ticipants. In particular, Principle 11 has least support and
Principles 1, 3, 5, 7, and 12 have strong support. The only
two notable differences are in Principle 2, which had a higher
ranking in the Williams’ survey (7th of 12) and Principle
6 (the importance of conveying information face-to-face),
which had a lower ranking (10th).

Williams also carried out a second survey with the
same participants proposing adjustments to the principles.
The changes involved rewording eight principles (1, 9, 10
unchanged) and deleting Principle 3, because it is largely the
same as Principle 1. This proposal, however, does not seem
to have been well received, as the overall conclusion to the
paper is that the original principles “still deliver solid guid-
ance for software development teams and their projects.”

The work does suggest an underlying belief that improve-
ment is possible, though perhaps not through a direct adjust-
ment to the existing Manifesto and Principles.

5 Conclusion

Despite agile software development being considered a main-
stream paradigm from around 2010, the concept, and hence
its strengths and limitations, are still relatively unclear. One
way to improve clarity is through studying actual practice
across a wide range of organizations. This paper describes
two such studies, performed using detailed surveys of soft-
ware development practice in companies in Northern Ireland
in 2010 and 2012. The main aim of the first survey was to
identify the level of agile adoption in the region, while the
second focused on understanding how agile principles and
practices were maturing. Although the focus was on a rela-
tively small region, it was believed that the results would be of
wider significance because the companies were largely com-
peting in a global marketplace and, by inference, reflected
the attitudes and practices of that marketplace. Having a rea-
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sonable match with the Williams’ survey on agile principles
[30] provides some support for this view.

The paper focused on two main observations drawn from
the surveys:

• The agile paradigm seems set to replace the traditional
waterfall model as the standard approach to software
development; and

• A clearer definition of agile development, identifying its
intrinsic benefits and limitations, is needed to help orga-
nizations gain optimal benefit from its use.

Each observation was supported by results from the sur-
veys. Current work is concerned with the design of a new
framework for agile development, building on the Agile Man-
ifesto and Principles, incorporating the key elements of the
currently popular agile methods, and returning to principles
identified in the Toyota Way [31] that was a strong influence
on the current agile movement. This work also extends agile
concepts to the organizational context in which software is
produced [32].
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