ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/281585863

Exploring the Relationship between Software Process Adaptive Capability
and Organisational Performance

Article in IEEE Transactions on Software Engineering - August 2015

DOI: 10.1109/TSE.2015.2467388

CITATIONS READS
29 218

4 authors, including:

» Paul Clarke Rory V. O’Connor
-2
< Dublin City University Dublin City University
72 PUBLICATIONS 824 CITATIONS 242 PUBLICATIONS 2,879 CITATIONS

SEE PROFILE SEE PROFILE

ﬁ:q Murat Yilmaz

Dublin City University

84 PUBLICATIONS 454 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

poeet  Decision-making in stressful situations View project

rojet  |SO/IEC 29110 Evolution View project

All content following this page was uploaded by Rory V. 0’Connor on 15 May 2017.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/281585863_Exploring_the_Relationship_between_Software_Process_Adaptive_Capability_and_Organisational_Performance?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/281585863_Exploring_the_Relationship_between_Software_Process_Adaptive_Capability_and_Organisational_Performance?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Decision-making-in-stressful-situations?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/ISO-IEC-29110-Evolution?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paul_Clarke8?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paul_Clarke8?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Dublin_City_University?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Paul_Clarke8?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rory_Oconnor11?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rory_Oconnor11?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Dublin_City_University?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rory_Oconnor11?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Murat_Yilmaz13?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Murat_Yilmaz13?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Dublin_City_University?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Murat_Yilmaz13?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Rory_Oconnor11?enrichId=rgreq-ed548b736fa57b28a5f73257b4b060f5-XXX&enrichSource=Y292ZXJQYWdlOzI4MTU4NTg2MztBUzo0OTQzNDYyNjA3MDkzNzZAMTQ5NDg3Mjc0MTI2OA%3D%3D&el=1_x_10&_esc=publicationCoverPdf

IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, MANUSCRIPT ID

Exploring the Relationship between Software
Process Adaptive Capability and
Organisational Performance

Paul Clarke®, Rory V. O’Connor?, Brian Leavyz, Murat Yilmaz®

Abstract— Software development is a complex socio-technical activity, with the result that software development organisations
need to establish and maintain robust software development processes. While much debate exists regarding the effectiveness
of various software development approaches, no single approach is perfectly suited to all settings and no setting is unchanging.
The capability to adapt the software process is therefore essential to sustaining an optimal software process. We designed an
exploratory study to concurrently examine software process adaptive capability and organisational performance in 15 software
development organisations, finding that companies with greater software process adaptive capability are shown to also
experience greater business success. While our exploratory study of the complex relationship between these phenomena is
limited in some respects, the findings indicate that software process adaptive capability may be worthy of further integration into
software process engineering techniques. Software process adaptive capability may be an important organisational strength
when deriving competitive advantage, and those responsible for the creation and evolution of software process models and
methodologies may want to focus some of their future efforts in this area.

Index Terms— Software engineering, Software engineering process, Software development, Software management.

1 INTRODUCTION

he present software development process (or soft-

ware process, for short) landscape is constituted by

numerous software development frameworks and
methodologies. Some of these frameworks are designed
to provide consistency of product quality and budget-
ary/schedule adherence (e.g. CMMI [1], ISO/IEC 15504
[2]). Other frameworks are designed with a strong focus
on process quality, with the expectation that product
quality will ensue (e.g. ISO-9001 [3]). Agile methods (e.g.
Scrum [4], XP [5], Lean Software Development [6]), which
are based upon the Agile Manifesto [7], provide a differ-
ent type of approach again, one that promotes customer
interaction and flexibility in the treatment of require-
ments.

With software development companies being so wide-
spread and varied, it is not surprising to discover that no
single process framework or methodology is perfectly
suited to all software development settings [8], [9]. Each
individual approach has strengths and weaknesses [10],
[8], and when implementing a process, the paramount
consideration is that it “should fit the needs of the project”
[11]. Guidance on the type of process that might be re-
quired may be found in the Boehm-Turner model [12]
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which helps to identify the extent to which an agile phi-
losophy may be appropriate. Beyond this general guid-
ance, other research has examined a yet broader set of
factors that influence software process decisions [13], [14].
Such factors range from the experience of personnel, to
the application under development, and even to broader
business and organisational demands.

Since aspects of the world are inevitably subject to
change, it is reasonable to assume that an optimal process
should require regular adaptation - ranging from minor
improvements over time to major redesign depending on
the nature and extent of the situational change. Indeed,
the fast pace of technological change in the software de-
velopment domain may demand higher levels of process
adaptation than other business sectors.

Numerous earlier research efforts have identified the
benefits of process change for software companies. Some
of this earlier research focused on the benefit of adopting
a capability maturity framework such as CMMI or
ISO/IEC 15504 [15-19], while other studies reported bene-
fits of process improvement in smaller organisations [20-
32], or of using agile software development methods [33-
41], or on establishing hard financial evidence of the ben-
efits of process adaptation [42]. Earlier research also iden-
tifies the important role of agile method adaptation in
organisations [43]. However, no previously published
research effort explicitly examines software process adap-
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tation in light of the situational demand for process
change, and no earlier published research presents data
from a longitudinal study of the relationship between
process adaptation and organisational performance
across multiple companies.

Earlier published works indicate that research into
process adaptation may be particularly valuable for
smaller companies, where it has been reported that a low
software process priority may persist [44], and where
process improvements may only be implemented in re-
sponse to negative business events [45]. Given that proac-
tive software process management may be conferring a
competitive advantage on some companies, exploratory
studies such as the one reported upon herein can aid our
understanding in this area. In findings published previ-
ously, we analysed the extent of process improvement in
small software companies [46], and identified a positive
relationship between the amount of process improvement
and organisational performance [47]. However, this earli-
er work examines neither situational change nor software
process adaptive capability, nor does it explore the rela-
tionship between adaptive capability and organisational
performance.

Process adaptation is supported in some of the exist-
ing software development frameworks and methods. For
example, the highest level in capability maturity frame-
works - optimising - supports continuous process adapta-
tion. However, few organisations progress to this level
(an observation that appears to be particularly true for
smaller sized organisations [48], [49]). Certain agile soft-
ware development approaches also support process
adaption, including Scrum which contains a retrospective
step that is designed to review the effectiveness of an im-
plementation cycle (a Sprint).

While existing software development frameworks and
methods enable process adaptation to some extent, no
attempt to quantify process adaptation performance is
undertaken. Just as we should adopt measurements and
indicators as part of our strategy to evaluate software
implementation and test, so too should we incorporate
similar techniques when examining process adaptation.
As Lord Kelvin is reputed to have stated: “When you can
measure what you are speaking about, and express it in num-
bers, you know something about it; but when you cannot meas-
ure it, when you cannot express it in numbers, your knowledge
is of a meagre and unsatisfactory kind” (an observation that
has previously been acknowledged to be pertinent for
software development [50]). Of course, hard data alone
can have a soft underbelly [51] and therefore complemen-
tary forms of information should also be considered - a
concern that is discussed in more detail in Section 6.
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The remainder of this paper is structured as follows:
Section 2 presents the research design; Section 3 outlines
the field study; Section 4 presents the data quantification;
Section 5 describes the data analysis; Section 6 discusses
the findings, while also highlighting limitations and areas
for future research; the conclusion is in Section 7.

2 RESEARCH DESIGN

This study adopted a mixed method research methodolo-
gy, an approach that combines qualitative and quantita-
tive methods to collect, analyse and present both types of
data [52]. Mixed method research adopts the pragmatic
view that a research methodology should be designed to
suit the study context, whereby finding the closest match
of theory and method is the paramount consideration
when judging the legitimacy of the method. Our explora-
tory study context is concerned with software process
adaptive capability and organisational performance, and
examining these phenomena would require the collection
of both quantitative data (for example, in the case of fi-
nancial targets for companies) and qualitative data (for
example, in relation to the opinion of a participant re-
garding the amount of change in an aspect of the software
process). With both quantitative and qualitative data re-
quired in order to fully explore the research subject, a
mixed method approach is therefore desirable.

An indication of the extent to which a software devel-
opment organisation has adapted its software process
relative to its changing situational context can be obtained
by examining two phenomena: 1. The amount of software
process change; and 2. The degree of change in the situa-
tional factors that affect the software development pro-
cess. Since change occurs over time, it is further required
that a time period be identified for the simultaneous ex-
amination of both software process change and situation-
al change. Our exploratory study examined both of these
phenomena along with business performance over 12
months - a time period commonly used for assessing
business success though not without some limitations
which we address in Section 6.

In order to reliably quantify the change in some phe-
nomenon of interest, it is vitally important that a refer-
ence framework that comprehensively identifies the sali-
ent aspects of the phenomenon is adopted. Therefore, this
research adopted ISO/IEC 12207 [53] as the underlying
reference for software process, with the situational factors
reference framework [14] being adopted in the case of
situational change. Although the situational factors refer-
ence framework lacks the consensual validation that
ISO/IEC 12207 offers, it is a recognised reference frame-
work for the situational factors affecting the software pro-
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cess [54], [55], [56], [57], [58]; furthermore, it is, in the au-
thors” opinion, the most comprehensive such framework
available at the present time [59].

In the business literature, the term success is used inter-
changeably with the term performance, with both terms
representing the achievement of something desired,
planned or attempted [60]. However, some disagreement
exists concerning what exactly is meant and understood
by the term business performance [61], with many rea-
sons existing for measuring performance [62], and many
different performance measures that can be broadly clas-
sified into two groups: financial and non-financial [63].

Traditionally, business performance has been meas-
ured in financial terms [64], using measures such as re-
turn on sales and profit per unit production [65]. Howev-
er, it is return on investment (ROI) that is conventionally
regarded as the preeminent financial test of success [61],
[67], and the pursuit of the highest rate of ROl is a prima-
ry consideration for owners and managers [66].

Financial return, however, is not the only important
business success measure [60], and a short term focus on
financial performance alone can inhibit long term growth
[68]. Therefore, additional performance measures, for
example of less tangible phenomena such as customer
satisfaction, should also be assessed [69]. As a result of
the limitations of purely financial performance measure-
ment, there has been a “shift from treating financial
measures as the foundation for performance measurement to
treating them as one among a broader set of measures” [70] -
and this has given rise to multidimensional performance
measurement frameworks. Of the numerous multidimen-
sional performance measurement frameworks that have
been developed (incl. The Macro Process Model [71], the
Performance Pyramid [72], and the Performance Prism [73]),
it is the Balanced Scorecard (BSC) [74] approach that is the
most popular and influential [75], [76].

Through its four perspectives (financial, customer, inter-
nal business processes and learning and growth), the BSC is
considered to offer appropriate coverage of the dimen-
sions of performance in a general business setting [77].
However, for the software development business sector, a
broader approach to performance measurement is desira-
ble, motivating the development of the Holistic Scorecard
(HSC) which comprises of six perspectives: financial, cus-
tomer, business process, intellectual capital, employee and so-
cial [78]. The HSC also provides an additional 16 Critical
Success Factors (CSFs) and sample Key Performance Indi-
cators (KPIs) for use when examining business success in
software development organisations, and based on these
strengths, it was selected for use in our exploratory study.

Having identified comprehensive reference frame-
works for the phenomena of interest, the next step in-
volved the development of corresponding survey instru-
ments.

2.1 Software Process Change Survey Instrument

The amount of software process change in an organisa-
tion could be determined - if only indirectly - by con-
ducting a differential analysis of the results of two pro-
cess assessments conducted at two distinct points in time.
However, with process assessments essentially concerned
with the collection of data in relation to process capabil-
ity, they are considered to be an inefficient approach to
determining the amount of software process change in an
organisation. Consequently, this study developed a new
approach to examining process change that requires just a
single engagement with a participating organisation.

Firstly, a robust technique for transforming the exten-
sive text-based process descriptions in ISO/IEC 12207
into a comprehensive survey instrument was devised.
This technique involved tagging and extracting the activi-
ties and tasks contained within ISO/IEC 12207. A base-
line set of questions was then derived to permit an exam-
ination of the amount of process change, adopting the
structure: Has there been any modification to [an aspect of the
software development process]? A four point Likert scale
was used to rate the reported amount of process change: 0
(none), 1 (minor), 2 (major) and (3) significant.

The baseline set of questions were assembled into a
draft survey instrument, which four members of the
ISO/IEC 12207 working group (incl. current and former
ISO/IEC 12207 editors) formally and independently re-
viewed. The reviewers, who had collectively accumulated
in excess of 45 years of academic experience and more
than 65 years of industrial software development experi-
ence, were asked a series of focused questions: (1) How
well the survey instrument represented the ISO/IEC
12207 standard? (2) How effective the survey instrument
would be for examining software process change? and (3)
How appropriate the survey instrument was for SMEs
(Small- to Medium-sized Enterprises; the target study
domain).

Feedback from the reviewers indicated that the survey
instrument preserved the structure and components of
ISO/IEC 12207, while the expert reviewers recommended
that the system and software contexts in ISO/IEC 12207
would probably not be applicable to SMEs. The draft sur-
vey instrument was revised accordingly, for example, the
System Requirements Analysis and Software Require-
ments Analysis processes were merged into one line of
inquiry. This rendered a set of 63 individual questions



that covered the full spectrum of process concerns in
ISO/IEC 12207, which were then subject to an industrial
Pilot.

The Pilot, which confirmed the time required to dis-
charge the survey instrument, did not generate any addi-
tional areas for investigation - however, a closing ques-
tion regarding survey instrument coverage was retained
in the instrument. The Pilot participant did stress that it
was important to re-emphasise throughout the survey
that the inquiry was concerned with process change over
the past 12 months only, a recommendation that was ap-
plied.

While the entire survey instrument is too large to pre-
sent within this paper, the following three sample soft-
ware change questions (SWQs) serve as examples:

e SWQI: Regarding Software Construction, has there been
any modification to the approach to developing and docu-
menting software units and databases, including program-
ming languages and build procedures/tools?

SWQ2: Regarding Software Configuration Management,
has there been any modification to the approach to perform-
ing change request (CR) activities which may include: the
identification and recording of CRs; the analysis and evalu-
ation of changes; the approval/disapproval of CRs; the im-
plementation, verification and release of modified software?

SWQ3: Regarding Project Planning, has there been any
modification to the approach to project initiation, which
may include the setting of project objectives, the establish-
ment of feasibility (e.g. resources), and establishing the
achievability of timescales?

2.2 Situational Change Survey Instrument

A survey instrument was systematically derived from the
situational factors reference framework, ensuring that at a
minimum each of the 44 individual factors in the frame-
work were addressed via individual questions in the sur-
vey instrument. As with the software process change sur-
vey instrument, a baseline set of questions was initially
established, again using the basic structure: Has there been
any modification to [an aspect of the situation that can affect
the software development process]? The four point Likert
rating scale adopted in the software process change ex-
amination was reused.

Since the creators of the situational factors reference
framework were also responsible for the development of
the associated situational change survey instrument, it
was not possible to enter into the type of independent
survey instrument validation that was undertaken for the
ISO/IEC 12207-based software process change survey
instrument. Rather, the wvalidation of the situational
change survey instrument employed two central tactics.
First, and as noted in the previous paragraph, all of the
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essential components of the underlying situational factors
reference framework were explicitly carried forward into
the survey instrument, hence ensuring that the scope and
content of the framework were preserved in the situa-
tional change survey instrument. Second, a Pilot industri-
al deployment of the situational change survey instru-
ment was undertaken. In common with the feedback re-
ceived for the software process change survey instrument
Pilot, the participant recommended that the interviewer
reiterate throughout the survey discharge that the period
under investigation was the previous 12 months. The Pi-
lot participant noted that with which a total of 49 indi-
vidual questions, the scope of the survey instrument was
broad and did not identify any additional situational fac-
tors.

While the entire survey instrument is too large to pre-
sent herein, the following three sample situational change
questions (SCQs) serve as examples:

e SCQ1: Regarding the characteristics of requirements, have
there been any modifications to the changeability of the re-
quirements?

e SCQ2: Regarding the application(s)/product(s) under de-
velopment, has there been any modification to the required
performance of the application(s)/product(s) — including re-
liability and real time performance of both hardware and
software components?

e SCQ3: Regarding operations, have there been any modifica-
tions to the volume or profile of end users?

2.3 Business Success Survey Instrument

Scorecard-based approaches are beneficial for SMEs when
implemented in a light-weight fashion that supports the
definition and measurement of strategic business goals
[79]. Therefore, we developed a HSC-based survey in-
strument to enable the task of measuring the extent of
achievement of business goals (or business success) [80].
An initial baseline of questions was developed from
the HSC, adopting the form “For the forthcoming year, list
any objectives that exist in relation to [a business objective]”.
Since small organisations are not necessarily explicit in
the definition of business objectives, and to mitigate the
risk of erroneous or biased recollections in relation to the
achievement of business goals, the business success inves-
tigation consisted of two phases. The initial phase identi-
fied the prioritised business goals for the forthcoming
year, using the rating scheme: 0 (No objective exists) up to 4
(A high priority objective exists, with an explicit target). At the
end of the year under investigation, the participating or-
ganisations were revisited in order to evaluate the
achievement of the prioritised goals using the rating
scheme: 0 (Not achieved to any extent) up to 3 (Totally
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achieved). An industrial Pilot of the business success sur-
vey instrument resulted in a number of modifications.
Firstly, the initial use of two separate questions for em-
ployee expertise and employee competence was merged
into a single question. Secondly, headcount goals which
were initially absent were added to the survey instru-
ment. Following the Pilot phase, the business success sur-
vey instrument comprised of 51 individual questions.

The entire survey instrument is too large to present
herein, however, the following three sample business ob-
jectives questions serve as examples:

e BOQ1: For the forthcoming year, what is the target for the
number of new client acquisitions?

e BOQ2: For the forthcoming year, list any employee objec-
tives that exist in relation to employee qualifications?

e BOQ3: For the forthcoming year, list any objectives that ex-
ist in relation to patents, copyrights, branding and trade se-
crets?

In our exploratory study, we applied the survey in-
struments identified above to examine the relationship
between software process adaptive capability and the
extent of business success in SMEs, testing the following
hypothesis:

H1: To maximise business success in software SMEs,

software process change should be in proportion to the

degree of situational change.

3 FIELD STuDY

Over a 16 month period and adopting person-to-person
interviewing, the central phenomena of interest were rec-
orded in 15 SMEs.

3.1 Timing of Interviews

A total of four separate engagements were required with-
in each of the 15 companies: one each for software process
change and situational change, and a further two for
business success (as outlined in Section 2.3). In Phase 1,
the participating organisations were engaged so as to: (1)
Identify their business objectives for the forthcoming
year. In Phase 2, each organisation was revisited to exam-
ine: (2) The extent to which their business objectives were
achieved; (3) The amount of software process change un-
dertaken during the preceding 12 months; and (4) The
degree of change to the software process situational fac-
tors over the preceding 12 months. The average total in-
terview time per company was ~5.5 hours, giving a total
interview time in the region of 83 hours.

3.2 Participating Organisations

Three of the companies had fewer than 10 staff. Another
three companies had between 10 and 19 staff, and the

remaining nine companies had between 20 and 120 staff.
None of participating organisations had an annual turno-
ver exceeding €50 million and/or an annual balance sheet
total exceeding €43 million, thus meeting the European
Commission’s SME definition [81]. The majority of the
organisations retained their head office in the Republic of
Ireland (Rol), however, two of the companies were pre-
dominately based outside the Rol, with a further four
organisations retaining either development or operational
centres internationally. The participating companies op-
erated within diverse sectors. Four of the organisations
developed web-based software, with another four organi-
sations developing software for the telecommunications
domain. The remaining seven organisations operated in a
variety of domains, including, content management, data
mediation, and embedded software.

3.3 Participating Individuals

The number of persons interviewed varied from organisa-
tion to organisation. In the smaller companies, just one
person (often the owner/founder) tended to be aware of
the business objectives, with that same person often dou-
bling as development manager. In these companies, it
was typically the case that just that person was inter-
viewed. In other cases, a number of persons participated
in the interviews. The initial discussions with each of the
organisations aimed to identify, among other things, the
appropriate participants, who shared a range of job titles:
Chief Executive Officer (CEO), Chief Operating Officer
(COO), Managing Director (MD), Director of Finance
(DF), Director of Engineering (DE), Chief Technical Of-
ficer (CTO), Engineering Manager (EM), and Develop-
ment Manager (DM). A complete listing of the study par-
ticipants - by role and company pseudonym - is provided
in Table 1.

TABLE 1
Participating Organisations and Personnel
Company Business SP Situational
Pseudonym Success Change Change
Silverback CTO CTO CTO
Grenoble CEO EM CEO, EM
Mega MD MD MD
Cameron MD DM MD, DM
Colleran CEO CEO CEO
Lakes MD CTO MD, CTO
United MD MD MD
Watch DF, CTO, DE DE DF, DE
Bocal MD MD MD
Tribal DE DE DE
Dynamic DE DE DE
Michelin DE DM DE, DM
LordHenry DE DE DE
When [oe]6} COo0 [(e]e}
Oryx COO0 DM COO0, DM




3.4 Collected Data

A considerable volume of data was collected in the study
- too great to present in its totality in this paper. In order
to provide some sample information on the collected
data, Table 2 contains a sample of the data collected in
relation to the software process change, situational
change and business objectives questions presented
earlier in Section 2.

TABLE 2
Sample of Data Collected

Company Pseudonym

HIEE IRBE £
Question (Ref. g%gég@g%égg%g§§
to Section 2) I E|6|2|E|8]2|8|8|8|8|=|5|68|8
swai olo|a|2|33]2]1]2]23]1|0fl2]0
swaQ2 2| 3|0|3[0|o0|l2|21{0|3]0]|30]3
swa3 2| 0|1/ 0/0|o0|lo0|2|3]1|3]0|0|1]3
scal o/ 3|oflo|o|lo|1]|2]2]2l1|0]|2l0]|0
scQz 3| 22| 1] 2|2|0|o0|3|0]|2]2f3]|2]2
sca3 31 2| 1|0]2|2|3]|3|o0]3]|3]2]22]3
BOQ1 4l 3| 4| 4| 4| 4| 4|0| 4] 4al4alo0|4lals
BOQ2 ol1|o0f1{1/0]|0]|2{0|]0|l0]|1|1|1]|0
BOQ3 ol 1| 2|2|o0|lo|o|1]|o0|2|2|0|lo0]o0|2

It should also be noted that additional data was
collected in the study - by way of interviewee comments
in terms of the reported modifications or business
A broader of this additional
information is outside the scope of this paper, however,

objectives. analysis
some additional information may be found in [46], [47],
[80] and [82].

3.5 Data Confidentiality Considerations

In order to support the elicitation of data and to promote
trust, the participating organisations were assured that
their data would be treated in confidence. Each of the
companies was allotted a pseudonym and individuals
were identifiable only by job title. A number of additional
steps were taken to further support confidentiality, for
example: interview recordings and transcriptions were
encrypted, and a bilateral non-disclosure agreement
(NDA) was drafted for use with the organisations.

4 DATA QUANTIFICATION

Using the data collected from the survey instruments,
indicators were developed for software process change,
situational change, and business success. It should be
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noted that for the most part, these indicators take the
form of basic summations, which is in effect a simplistic
view of the phenomena under study. Being simplistic has
the benefit of being reasonably easy to understand and
apply, but also suffers from the limitation that simple
summation offers only an approximation to the phenom-
enon of interest as opposed a more precise measurement.
Therefore, although expressed as mathematical formulae,
the indicators are summations of subjective data which
inherently lack mathematical objectivity. A further indica-
tor introduced in this study relates to software process
adaptive capability (SP-AC) which attempts to capture
the relative relationship between the amount of software
process change and the amount of change to software
development situational factors.

4.1 Quantifying Software Process Change

As presented in Section 2.1, software process change is
examined using an ISO/IEC 12207-based survey instru-
ment. This survey instrument was deployed to the partic-
ipating companies, with participants quantifying indi-
vidual modifications to the software process according to
the Likert scale: 0 (none), 1 (minor), 2 (major) and (3) signif-
icant. In order to quantify the total amount of software
process change in an organisation, the individual record-
ed instances of process modification are summated, ren-
dering the total software process change:

N
SPChange = Z ModificationValue (i)
i=1
Where i is a software process change question and N is the total
number of process change questions in the survey instrument (as
outlined in Section 2.1, there are 63 software process change ques-
tions).

4.2 Quantifying Situational Change

As presented in Section 2.2, situational change is exam-
ined using a survey instrument that is based on the soft-
ware development situational factors framework [14].
This survey instrument was deployed to the participating
companies, with participants quantifying individual
modifications to the situational factors according to the
Likert scale: 0 (none), 1 (minor), 2 (major) and (3) significant.
In order to quantify the total amount of situational
change in an organisation, the individual recorded in-
stances of change to situational factors are summated,
rendering the total situational change:

M
SituationalChange = Z ModificationValue(j)
j=1
Where j is a situational change question and M is the total number of
situational change questions in the survey instrument (as outlined in
Section 2.2, there are 49 situational change questions).



CLARKE ET AL: EXPLORING THE RELATIONSHIP BETWEEN SOFTWARE PROCESS ADAPTIVE CAPABILITY AND ORGANISATIONAL PERFORMANCE

4.3 Quantifying Business Success

When making determinations in relation to the extent of
business success, two pieces of information were consid-
ered: (1) the strength of the business objectives; and (2)
the extent of achievement of the objectives. In order sup-
port a robust examination, two different business success
quantifications were developed.

Firstly, a basic quantification of business success was
employed whereby the overall success rating for an or-
ganisation was increased each time an objective was
achieved to any extent, with the achievement of higher
rated objectives having a greater proportional impact on
the quantification. For example, the total achievement of a
high priority objective with an explicit target will increase
the overall success by 4 (4 [value for a high priority objec-
tive with an explicit target] x (3 [actual achievement val-
ue] / 3 [maximum possible achievement value])). In con-
trast, the total achievement of a low priority objective
with no explicit target will increase the overall success by
1 (1 [value for a low priority objective with no explicit
target] x (3 [actual achievement value] / 3 [maximum
possible achievement value])). The summing formula for
quantifying the total basic success score for an organisa-
tion is as follows:

BasicBusinessSuccess =

ObjectiveAchievement (k)

ObjectiveRating (k) « MaxAchievementValue

k=1
Where k is an individual business objective and O is the total num-
ber of business objectives questions in the survey instrument. As
outlined in Section 2.3, there are 51 business objectives questions,
with the stated ObjectiveRating ranging from 0-4 and the Objec-
tiveAchievement ranging from 0-3 (hence, MaxAchievementValue is 3).

Since the basic business success interpretation does not
have a mechanism for lowering the overall success score
in instances of failure to achieve stated objectives, it is
possible for an organisation with a large number of objec-
tives (some of which are not achieved) to appear more
successful than another organisation with fewer stated
objectives (all of which are totally achieved). This could
be problematic as some companies may list relatively
large numbers of objectives, with others listing relatively
few. To address this issue, the second approach to quanti-
fying business success involves the introduction of a
weighted negative marking (WNM) scheme.

Under the second approach, a company still receives a
weighted score for each objective that is achieved to some
extent; however, unlike the basic interpretation, an organ-
isation receives a weighted negative score for each objec-
tive that is not achieved or only partially achieved. This
type of WNM acts as a counter-balance; in cases where

there are large numbers of objectives which are not
achieved (or only partially achieved), the total score will
take account of the extent to which stated objectives were
not achieved. The essential benefit, therefore, of the
WNM interpretation is that it enables the punitive meas-
ure of lowering overall success scores if there are objec-
tives that are not achieved or only partially achieved. Fur-
thermore, the weighting scheme is designed such that
individual weights are related to the objective rating.
Applying the WNM scheme outlined in Table 3, the
non-achievement of a low priority objective with no spe-
cific target will result in a -1 being applied to the total
business success score, whereas the non-achievement of a
high priority objective with an explicit target will result in
a -4 being applied to the WNM business success score.
For “mostly achieved” and “partially achieved” objec-
tives, these weightings are applied in terms of “mostly
achieved” tending to be close to “totally achieved”, and

1

“partially achieved” tending to be close to “not
achieved”. This has the effect of rewarding mostly
achieved objectives generously, while instances of partial
achievement are treated conversely.

With the participating organisations reporting varying
numbers of objectives in the first instance, WNM ensures
that a company with many objectives cannot score rela-
tively highly unless they are achieving relatively well in
most or all objectives. By quantifying business success
using WNM, the resultant business success score offers
the potential to provide a fairer and more accurate repre-
sentation of the relative business success of the participat-
ing organisations - and it is the dimension of relative suc-
cess that is of primary importance to this study. However,
the basic business success score is merited in that it gen-
erates a non-adjusted score for the achievement of stated
objectives, and therefore, it is also considered to provide a

valid indication of business success.

TABLE 3
WNM Business Success Scoring Scheme
Objective Rating
2 z z z| =z
g |8 |&8.|¢8|5
ey & S5l a | £ =
2 3 25| § | g =
z S SI| 2 2
I W
0 1 2 3 4
- Not achieved 0 0 -1 -2 -3 -4
c
°E’ Partially achieved 1 0 -0.67 | -1.33 -2 -2.67
[}
@l Mostly achieved 2 0 067 | 133 | 2 | 267
=
< | Totally achieved | 3 0 1 2 3 4
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Figure 1. Recorded Software Process Change, Situational Change, Basic Business Success and WNM Success

Using the WNM scheme presented in Table 3, the
WNM business success score is quantified as follows:

0
WNMBusinessSuccess = Z ModificationValue (k)
k=1
As with the Basic Business Success score, k is an individual business
objective question and O is the total number of business objectives
questions in the survey instrument. The ModificationValue is deter-
mined based on Table 3.

4.4 Quantifying Software Process Adaptive Capability

The key purpose of the SP-AC indicator is to provide in-
sight regarding the performance of an organisation vis-a-
vis software process adaptation - in a general sense. As
such, it is an indicator that could potentially be used as a
complement to the existing set of performance indicators
adopted in organisations (e.g. profit, ROI, customer satis-
faction). In order to calculate the SP-AC, both SPChange
and SituationalChange are required, as follows:

SPChange
MaxSPChange

SituationalChange

SPAC =
( MaxSituationalChange

Note: An SP-AC indicator is calculated for each organisation in
the study group. MaxSPChange is the maximum possible amount of
software process adaptation that could be calculated using the tech-
niques adopted in this research. This is calculated by taking the
number of individual questions in the software process change sur-
vey instrument (63) and multiplying it by the maximum possible
amount of change reported in each question (3-significant), totalling
189 (refer to Section 2.1 for supporting details). MaxSituationalChange
is the maximum possible amount of situational change that could be
calculated using the techniques adopted in this research. This is
calculated by taking the number of individual questions in the situa-
tional change survey instrument (49) and multiplying it by the max-
imum possible amount of change reported in each question (3-
significant), totalling 147 (refer to Section 2.2 for supporting details).

5 DATA ANALYSIS

Although the primary purpose of this paper is to examine
the relationship between software process adaptive capa-
bility and business success, the salient details regarding
the data collected for software process change, situational
change and business success are also presented here.

5.1 Software Process Change Data

In general, a considerable degree of variation was evident
in the data collected across the field study. For example,
the organisation Mega reported the lowest amount of
software process change, with two other organisations,
When and Cameron reporting over ten times as much
process change. Although a broad spectrum of process
change was reported in the study, certain areas tended to
receive more attention than others. The treatment of re-
quirements was one such area, where the general trend
was towards greater control, including requirements
sign-off, and definition of requirements. Other common
areas for process change included the provision of IT in-
frastructure for development and operations, and the use
of partnering to deliver solutions to the market - the com-
prehensive nature of ISO/IEC 12207 enabled inquiries in
areas such as these that might have fallen outside the
scope of other reference frameworks. Significant addi-
tional details regarding software process change as re-
ported in our study may be found in [46] and the quanti-
fications for software process change for each company
are depicted in Figure 1.

5.2 Situational Change Data

Variation also presented in the reported situational
change, most notably in staff headcount where all fifteen
companies reported change, with eleven reporting in-
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creases. Nine of these eleven companies reported increas-
es of 25% and greater, while of those companies reporting
decreases in headcount, two reported a reduction in staff-
ing of upwards on 40%. This staffing statistic alone would
likely present a challenge to those responsible for manag-
ing the software process.

The number and profile of end users of software prod-
ucts was also an area for significant situational change,
with eleven of the companies reporting increases in the
volume of users or transactions processed. Thirteen of the
companies reported increases in the knowledge of tech-
nology, ranging from support for new operating systems,
to integrated development environment usage and com-
pilers. Twelve of the participating companies reported an
increase in the required performance of their products,
with ten companies reporting increases in the size of their
products, including increased code bases as well as in-
creased data storage requirements. Just one of the com-
panies reported a (small) decrease in code base, the result
of intensive refactoring. There was also demand - in a
total of nine companies - for improving the ease of use
and installation of products. The quantifications for situa-
tional change for each company are presented in Figure 1.

5.3 Business Success Data

In terms of setting business objectives, the single most
important reported goal related to revenue, with all of the
companies having explicit, high priority targets. Profit too
was an important consideration, with all but three of the
companies again having explicit, high priority targets,
and only one company reporting that profit was a low
priority. All of the companies expressed a desire to ex-
tend product offerings though there was varying ambi-
tion in this respect and many were unable to identify the
exact extensions in advance, indicating that they would
be client-led. All but two of the companies had objectives
in relation to new client acquisitions, though these tended
to be lower in priority than goals in relation to gaining
repeat business from existing clients (where eight of the
participating companies had high priority objectives).
Objectives in relation to business process management
were also reported, with eight of the participating com-
panies having high priority objectives in this area.

The extent of achievement of business objectives, as
collected in the second phase of the inquiry, demonstrat-
ed that the participating companies tended to struggle to
fully achieve their highest priority objectives. Some mod-
erate success was reported in terms of securing the de-
sired repeat business from existing clients and in extend-
ing the product offering. However, the companies report-
ed that they were less successful again in achieving reve-

nue and profit targets, where five of the participating
companies reported low or complete non-achievement of
revenue objectives. Five of the companies also reported
low or non-achievement of business process management
objectives. Of the ten companies with objectives in rela-
tion to obtaining aids and subsidies, or tax exemptions,
from government (which was a low priority objective in
all cases), all ten were successful to some extent and six
were mostly successful. Overall, this data suggests that
smaller software development companies may be more
successful at gaining repeat business from existing clients
and deriving financial assistance from the State than they
are at winning entirely new customers or at meeting their
own financial targets. Additional details regarding busi-
ness objectives and their achievement as observed in our
study may be found in [82] and the quantifications for
business success (both Basic and WNM) for each compa-
ny are presented in Figure 1.

5.4 Software Process Adaptive Capability

An initial analysis of the data demonstrated that higher
levels of the business success quantifications tended to
present alongside higher levels of both software process
change and situational change. This may indicate that
higher levels of business success are resulting in increased
levels of software process change and situational change
or it could also suggest that higher levels of software pro-
cess adaptive capability are supporting organisational
performance. However, it may be more likely again that
what we are witnessing here is an amethodical relation-
ship [83] between complex phenomena, whereby a
change to one phenomenon results in a change another
phenomenon, which may in turn result in change to a
further phenomenon (or a change to the phenomenon
that kicked off the process); in effect, a state of flux exists
in the relationship between these complex phenomena.
Adaptive capability relates to an organisation’s ability
to identify, understand and address changes in its operat-
ing environment - and in so doing, support successful
business outcomes. In order to explore adaptive capabil-
ity in software development companies, this research has
simultaneously examined both software process change
and situational change. These two summations can be
jointly considered to provide an indicator of software
process adaptive capability in an organisation via the SP-
AC indicator, which is in effect a simple ratio of the
amount of software process change to the amount of
change to the situational factors that are known to affect
the software process. To facilitate an examination of the
relationship between SP-AC and the basic and WNM
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business success quantifications, statistical data correla-
tion was employed.

Several different correlation techniques were adopted
in order to reduce the dependency on any single correla-
tion method. Furthermore, the correlation techniques sat-
istied the demands of both ordinal and measurement da-
ta. As presented in Section 4, much of the data collected in
this study is of an ordinal nature and therefore, it may be
best suited to ranked order correlation using techniques
such as the Spearman and Kendall coefficients [84]. How-
ever, Pearson product moment correlations can be con-
sidered to be permissible and useful for ordinal data, es-
pecially where the underlying data is of a broadly normal
distribution [85] (and may offer higher precision than
ranked order correlation [86]). Using R [87], the various
correlations were calculated; with the results demonstrat-
ing that SP-AC is positively correlated with the two busi-
ness success quantifications adopted in this research.

Examining the correlation coefficients for SP-AC and
business success (both basic and WNM)), it is found that
the coefficients range from 0.49 to 0.79 (refer to Table 4).
When taking the sample size, the correlation coefficients
and the p-values into consideration, it can be declared
that the correlation coefficients are statistically significant.
Therefore, the analysis of the data collected in this study
would appear to support hypothesis H1. In essence, the
finding from our exploratory study is that where the total
software process change is relatively greater than the total
situational change, businesses are also reporting in-
creased levels of business success. However, correlation
should not be interpreted as causation and our quantifica-
tions exhibit a number of limitations, therefore, the fol-
lowing section presents an evaluation of the study data
and findings.

TABLE 4
Spearman, Kendall and Pearson correlation coefficients
SP-AC & Basic SP-AC & WNM
Business Success Business Success
Spearman R 0.58 0.79
p-value 0.03 0.0004"
Kendall T 0.49 0.61
p-value 0.011 0.0015"
Pearson r 0.63 0.64
p-value 0.01 0.01

! Spearman & Kendall correlation p-values cannot necessarily be reliably
computed where a variable has the same value for two separate cases, as is the
case for the participating organisations Cameron and Michelin (both of which
got a WNM Business Success score of 26.33).

IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, MANUSCRIPT ID

6 DiIscussION

The exploratory study finding that there is a statistically
significant positive correlation between SP-AC and busi-
ness success is congruent with the fundamental proposi-
tion of evolutionary theory as it applies in the business
and economics literature - that an ability to continually
perceive change and adapt accordingly is an enabler for
business success. While the observed correlation can be
considered to be quite strong, the techniques introduced
in this research for examining adaptive capability do ex-
hibit a number of limitations which are important when
interpreting the findings. There are discussed later in this
section. First, however, we evaluate the potential mean-
ing of the findings.

6.1 Study Findings

Perhaps the most striking feature of the data is that those
organisations with greater SP-AC figures are also tending
to report higher levels of business success. There are three
core quantifications underlying this observation: software
process change, situational change and business success.
An obvious question arises as to what exactly is the na-
ture of the relationship between these three phenomena -
for which various possible explanations can be proposed.
One explanation is that factors relating to business suc-
cess are the catalyst for situational change and software
process change. Furthermore, factors related to business
success can be outside the scope of control of an organisa-
tion - for example, if a new competitor enters the market-
place with an equivalent product at a substantially lower
price, it could prove difficult to develop a viable survival
strategy. In such a scenario, it may be the case that only
substantial, painful and potentially impractical process
change (for example, outsourcing large aspects of the de-
velopment effort to a geographic region with a lower cost
base) could overcome this challenge.

A second possible explanation for the relationship be-
tween the phenomena is that software process change is
supporting improved organisational performance. Soft-
ware process change and business success (under both
success interpretations) are positively correlated (ranging
from 0.48 to 0.81). It could be further proposed that in-
creased awareness of situational change is a prerequisite
for effective software process change - such a suggestion
elevates situational awareness to be of considerable im-
portance. Indeed, the statistical correlations for situational
change and business success (under both success inter-
pretations) are also positively correlated in our explorato-
ry study (ranging from 0.39 to 0.66). However, just being
aware that something is changing is potentially of little
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value to a business unless it also possesses the ability to
respond with appropriate measures.

Rather than viewing the possible explanations for the
relationships presented above as being mutually exclu-
sive, it is possible that the various interrelationships are
amethodical [83] in nature - and given the complexity of
the phenomena under investigation in this study, it is
difficult to argue in favour of an alternative explanation.
An amethodical relationship is one in which a change to a
phenomenon can give rise to a change in related phe-
nomena. In effect, something that can be considered simi-
lar to symbiosis is at play, whereby multiple phenomena
constitute a system, influencing each other in a series of
reflexive type inter-relationships.

The correlations established in our study suggest that
the phenomena may interact in an amethodical system.
For example, increases in business success are positively
associated with increases in software process change.
Similarly, increases in situational change are positively
associated with increases in business success. To further
support this view, an additional correlation was per-
formed on software process change and situational
change. Again, there is a positive correlation (ranging
from 0.63 to 0.79). The three phenomena are therefore
presenting as being all positively associated with each
other - and this observation can be considered to be
aligned with the core philosophy of adaptation. For ex-
ample, if a business is more successful, then it may expe-
rience growth which may require process change. Simi-
larly, if a business is more perceptive in identifying situa-
tional change, this may result in process adaptation,
which in turn results in business success.

It is therefore also the case that the absolute values
recorded for the various phenomena may themselves be
important quantifications for consideration. For example,
if an organisation reports little process change over a pro-
tracted period, one can reasonably be apprehensive -
since a company is not likely to have a perfectly adjusted
set of processes on a continual basis given the rate of en-
vironmental change in software development settings (as
demonstrated through the situational change recorded in
our study). It should equally be a potential concern if an
organisation reports low levels of situational change, as
this may indicate a shortcoming in terms of perceiving or
creating change (something that is not desirable from an
evolutionary perspective).

Considered collectively, the various correlations that
are evident on our exploratory study data would appear
to support the theoretical role of adaptive capability in
supporting business success. The implication for those
responsible for designing and applying software process

frameworks and methods may be that they should pro-
vide strong and versatile mechanisms for process adapta-
tion.

6.2 Study Limitations

While our exploratory study was carefully designed and
discharged, it does exhibit a number of noteworthy limi-
tations that should be taken into account when interpret-
ing the study findings.

6.2.1 Generalizability of Findings

Within the study component of the research, the sample
size can be considered to be small. A total of just 15 com-
panies participated across the full lifetime of the study.
When compared to the total population of software de-
velopment organisations globally, the sample is very lim-
ited. Indeed, it could be claimed that the sample is so
small that the findings could be the outcome of chance.
However, and as elaborated upon in the following para-
graphs, there are sound reasons to suggest that this is not
the case.

As noted in the previous section, increased absolute
values for the three primary phenomena under investiga-
tion are positively associated in the study data - and this
is consistent with certain reasonable expectations: for ex-
ample, companies reporting little software process
change may not be actively managing their software pro-
cess which is not likely to be a desirable situation. In this
respect, it should be noted that out of the five least suc-
cessful companies (under both success interpretations -
which themselves are quite different in nature), four of
the companies present with the lowest absolute values for
software process change (refer to Figure 1).

A further indication that the results are not the prod-
uct of mere chance can be observed in the most successful
company profiles. The three most successful companies
(under both success interpretations) report among the
highest levels of software process change in the study
group. Furthermore, each of these three highest perform-
ers has a profile wherein the amount of software process
change is proportionally greater than the corresponding
reported situational change (with such an observation
absent outside the top few performing companies).

One final indication that the results are not the prod-
uct of chance can be found in the profile of the organisa-
tion Cameron. This company reports the single highest
amount of software process change - yet it is not the
highest performing company (it is the 5% highest per-
forming company under the basic interpretation and 7t
highest under the WNM interpretation). However, Cam-
eron also reports the highest level of situational change



12

across the entire study group - and this may be necessi-
tating such high levels of software process change. This
particular observation may highlight the important role
of situational change when interpreting adaptive capabil-
ity in companies. It should nonetheless be noted that the
field study is of an exploratory nature, and although the
outcomes do support the theory under exploration, the
sample size is very small. However, it should also be not-
ed that certain practical limitations exist when conducting
studies of this type, including the significant time re-
quirements imposed on the researchers and participants
(for example, our study required >80 hours of interview
time). Additionally, obtaining access to organisations for
studies of this type can prove to be challenging.

6.2.2 Study Group and Techniques

The study is also limited in the scope of the organisa-
tions that participated - which are exclusively drawn
from the SME sector. This raises a number of potential
issues. Firstly, the survey instruments that were designed
and discharged in this research are potentially not well
suited to organisations that fall outside the strict scope of
an SME. Secondly, the architecture of the inquiries con-
ducted in this research may not easily scale to larger or-
ganisations where many additional individuals and pro-
jects might need to be engaged in order to get an organi-
sational view of the phenomena of interest. Indeed, the
discharge of the survey instruments adopted in this study
requires expertise in a broad number of areas such as
may, in the absence of training and education, render
them impractical for general application in their present
form.

It could further be the case that attempting to measure
adaptive capability may not be the most effective way of
enabling adaptive capability. Rather, the qualitative data
elicited from our software process and situational change
instruments may provide the level of detail required to
enable adaptive capability. Finally, since the study ad-
dresses only the SME sector, no claims of similar behav-
iour can be made with respect to other types of organisa-
tions (e.g. large and very large sized companies). Howev-
er, and despite the additional challenges associated with
obtaining software process change and situational change
information in larger organisations, the basic principles of
adaptation should apply just as much in large organisa-
tions as they do in their smaller counterparts.

6.2.3 Completeness of Quantifications

The general approach to making determinations in rela-
tion to the phenomena of interest exhibits some limita-
tions. Although all three phenomena are examined
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through the lens of comprehensive reference frameworks
(ISO/IEC 12207, the
Framework, and the Holistic Scorecard), there remains

Situational Factors Reference
the possibility that some aspects of the phenomena under
examination have been overlooked. This may be particu-
larly the case for the situational factors examination
which is based upon a relatively new reference frame-
work (which itself is the product of related research).

To mitigate the risk of overlooking some factors, clos-
ing questions were included in all survey instruments to
allow participants to identify additional items. Further-
more, and as articulated in Section 2, the survey instru-
ments were systematically developed and subjected to a
combination of external expert peer review and piloting
with industrial partners. Nonetheless, the survey instru-
ments (and the reference frameworks upon which they
are based) can only provide an approximation to the full-
ness of the phenomena of interest.

6.2.4 Participant and Quantification Subjectivity

A further limitation in the field study concerns the very
nature of the data being collected. The survey instru-
ments adopted by this research are to some extent con-
cerned with eliciting the views of practitioners and busi-
ness managers. As outlined in Section 2, the data took the
form of a combination of ranked order scales and abso-
lute values for various aspects of the phenomena under
investigation. For example, a company would disclose
absolute values for the targeted and actual number of
new clients acquired in the study timeframe, while the
interview participant(s) would express a view on the ex-
tent of change in some aspect of the software process or
situational context. Although an accepted and useful ap-
proach to conducting research of this type, the latter form
of reporting (i.e. the point of view of the participant(s)), is
potentially a source of error in the recorded data.
Concerns related to subjectivity and bias are intro-
duced in this type of inquiry - and are difficult to com-
pletely eliminate. After all, what one person reports as a
minor change, another may report as a moderate or major
change. As such, it is important to highlight that the
quantifications employed in our analysis should not be
interpreted in the same manner as purely objective data.
For example, it is not the case that the quantifications
adopted in this study are objective in the same way that a
physicist might objectively measure the speed of a ball. In
this respect, the quantifications adopted are employed as
an exploratory measure to examine the three phenomena
of interest in some quantifiable fashion, with a view to
examining adaptive capability vis-a-vis the software pro-
cess. We believe that the quantifications nonetheless have
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a value for the study - but this should not be confused
with entirely objective measurement as adopted in other
fields or in other research. To some extent, this is related
to a general limitation that affects all subjective explora-
tion where quantification is employed.

It is also important to highlight that the quantifica-
tions employed relate to the opinions of study partici-
pants. In some cases, this involved just a single person in
an organisation, in other cases multiple participants from
a single organisation were involved. The key point here is
that it is opinion that is being measured and therefore, the
reported amounts of process change and situational
change are inherently linked - that is, we might to some
extent expect a positive correlation from the analysis of
these phenomena.

It should further be recognised that while attempts to
aggregate data into indicators can bring some benefits in
terms of visualisation, the very practice of aggregating
has the effect of eroding some of the richness in the pri-
mary data, and therefore can reduce the potential utility
of the data in informing business direction. This effect,
which Henry Mintzberg refers to as “the soft underbelly
of hard data” [51], can also manifest itself in other unde-
sirable ways, it can for example be the case that hard data
is unreliable, and even where reliability is intact, the hard
data can simply arrive too late to address the problems
that it may identify. This latter concern is of direct rele-
vance to the quantifications produced by our study -
which are only available at the end of the year under ex-
amination. In this respect, it could be the case that later
work in this space might seek to shorten the timeframe
for data collection and quantification so as to reduce the
effect of delayed information.

To reduce the potential impact of subjectivity-related
concerns, individual questions could be examined in
more detail by the interviewer or the participant(s) could
discuss the question in more detail. Additionally, the
questions themselves had been carefully crafted in the
first instance to reduce the possibility of misinterpreta-
tion. Furthermore, in cases where major or significant
change was reported, it was generally accompanied by
some explanation of the change which permitted the in-
terviewer to further discuss the ranking. Had the partici-
pant(s) been required to describe each and every reported
process or situational change in detail, the researchers
could have conducted some cross-company normalisation
in order to reduce the impact of subjectivity. Further-
more, had multiple individuals from each company par-
ticipated, perhaps in the form of focus groups, the poten-
tial impact of subjectivity could have been reduced. How-
ever, these steps were not conducted arising from practi-

cal limitations - the accumulated interviewing time
would have been overbearing for companies and re-
searchers alike. Hence, the potential for subjectivity of
participants remains a limitation.

6.2.5 Business Success Determination

In the case of business success, our exploratory study
adopted the HSC as an extensive reference framework of
the possible factors for consideration when assessing suc-
cess in software development companies. We have also
introduced a two-phase business success examination in
order to reduce the effect of biased or false recollection;
plus a question was retained in the survey instrument to
permit the elicitation of success objectives outside the
immediate scope of inquiry. We have furthermore devel-
oped two different and quite distinct techniques for quan-
tifying business success. However, alternative interpreta-
tions of business success could affect our conclusions re-
garding the correlations presented herein.

The business success determination exhibits a further
limitation in that it does not account for changing busi-
ness success objectives throughout the period of investi-
gation, when in practice business objectives may be sub-
ject to change. A further complication arises from the fact
that an organisation could be successful even in the ab-
sence of stated objectives. Indeed, some influential con-
tributors to the business field have suggested that it is
possible to choke a company with strategic planning (in-
cluding objective setting) leading to rigidity [51]. Howev-
er, multidimensional performance measurement frame-
works (as identified in Section 2) are routinely applied
when measuring performance through strategic planning
and our exploratory study follows this principle. None-
theless, it should be stressed that this is just one view of
business success, and one that is not without its limita-
tions.

6.2.6 Exploratory Study Duration

An additional limitation stems from the fact that the peri-
od under investigation is just one year. Those experienced
in process change will be aware that the impact of process
changes on business success can take more than one year
to fully materialise. As a result, some of the process
changes recorded in the year under examination in our
study may not carry major benefits until a future year.
Similarly, some of the business success recorded could be
the result of process improvements enacted in earlier
years - and not those improvements implemented during
the time frame of our study.

Our exploratory study evaluated software process
adaptive capability over the course of a discrete year.
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However, adaptive capability may vary over time and
therefore, a longer study timeframe would permit a more
thorough analysis of the relationship between the key
phenomena. One way that a company’s adaptive capabil-
ity might be significantly affected over time would be
through changes to key company employees. However,
in the case of our study, the key individuals that we
worked with were all medium/long term fixtures in their
respective companies, in situ at study outset and remain-
ing there at study conclusion. It is also the case that soft-
ware development companies often operate in fast paced
environments, wherein it may be more likely that process
changes will impact business success in a shorter time
frame than more traditional businesses. Nonetheless, fac-
tors other than key employees could affect software pro-
cess adaptive capability and consequently, the timeframe
does introduce bounds to the interpretation of the data.

6.2.7 Data Quantification

A number of new quantifications were developed for the
purpose of the exploratory study. In the case of SPChange
and SituationalChange, simple sums of the modification to
individual process activities and situational factors are
employed - in effect applying equal importance to all
process activities and all situational factors. While this
serves the purpose of providing a barometer for these
phenomena, it does not take account of the fact that cer-
tain process changes and certain situational changes will
inevitably carry greater weight than others.

The primary reason for not weighting the summation
components arises from the subjectivity that would be
introduced by the researchers (effectively resulting in
increased subjective interpretation of underlying subjec-
tive data). Gaining consensus on any applied weighting
would prove challenging (if not impossible) in the broad-
er community, hence it was decided to apply an equal
weighting to all constituents. The result is a less-than-
perfect view of the process change and situational change
phenomena, but a perfect view of these complex phe-
nomena is not possible under any subjective examination
(and from a practical standpoint, only a subjective exami-
nation could be adopted to elicit the required infor-
mation).

It should further be noted that the SP-AC indicator
adopted in this research is lacking specificity. By design,
the SP-AC does not consider the relationship between
individual situational changes and individual process
changes. Rather, the SP-AC is a basic ratio of the total
software process change to the total situational change.
The SP-AC is therefore a bellwether - it is an indicator
that assists the general quantification of software process
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adaptive capability. As such, it is the case that relatively
low SP-AC figures may not indicate that there is an issue
with the adaptive capability of an organisation, but rather
that there is potentially an issue. It should further be not-
ed that there is a reported shortfall in the arsenal of tools
available for software process evaluation and that it is
“crucial to push the event horizon of improvement measure-
ment beyond the level of projects” [88]. The various quantifi-
cations introduced in this research may prove useful in
addressing the observed gap, however, additional valida-
tion steps are advised prior to widespread adoption.

At the present time, there is no other known way of
capturing adaptive capability in software companies, and
therefore, the SP-AC represents a new contribution to the
field. It is not recommended to use the SP-AC in isolation
but rather, as a complement to existing business perfor-
mance metrics. It should also be noted that a complexity
issue arises when trying to relate contextual factors with
aspects of software development practice [89], such that it
may not be advisable to attempt to seek greater specificity
in examining adaptive capability; perhaps, therefore, an
indicator such as SP-AC is the extent of the focus that we
can apply when attempting to quantify software process
adaptive capability.

6.3 Future Work

Future valuable work could concentrate on better under-
standing the relationship between specific situational fac-
tors and aspects of the software development process. It
has been noted that adjustments to standard software
processes are necessary to make them suitable for specific
environments [90]. Such adjustments are sometimes re-
ferred to as process tailoring, an activity that involves
“adjusting the definitions and/or particularizing the terms of
general description to derive a description applicable to an al-
ternate (less general) environment” [91]. It has further been
asserted that “the diversity of IT projects frustrates any direct
attempt to systematize the processes used for their development.
One size just won’t fit all... All too often, deviation from a
standard methodology is seen as an imperfection, as an unwel-
come compromise (despite the fact it always happens!)” [92].
Even in more contemporary approaches, such as agile
software development, it has been observed that individ-
ual companies may take an a la carte approach to practice
adoption [93].

Process adaption therefore may be required both to
implement a standard approach in an organisation (or
project) and to adapt a process to changing situational
contexts (which can be considered to be unavoidable).
Consequently, it may be beneficial for the software engi-
neering community to have access to a knowledge base
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that could assist our understanding of software process to
situational specific mappings. The development of such a
resource would require substantial input from software
process experts and would benefit from the incorporation
of field data from companies regarding both phenomena.
Software practitioners could apply such a resource to
support their software process adaptive capability when
addressing changing situations, hence producing greater
process optimality. However and as already noted, it
should be cautioned that considerable complexity exists
in the interplay between situational contexts and software
processes, such that the focus of attempts to qualify this
relationship would require very careful consideration,
and a clearly defined scope. The next small step might
involve trying to identify the higher priority aspects of
the software process and situational factors and to at-
tempt to model their interaction.

7 CONCLUSION

The role of adaptive capability in supporting business
success has long been established [94], [95], [96], and it
has been suggested that deriving a competitive advantage
is dependent on the ability to continually improve pro-
cesses [97]. The perspective on the importance of process
adaptation in response to changing situational stimuli
being taken here has its fundamental roots in evolution-
ary theory in the natural sciences. Since the late 1970s,
such evolutionary perspectives have had a strong and
growing influence in the literature on business organisa-
tions and organisational economics, in particular in seek-
ing to understand and explain their relative success in
coping with rapidly changing environments (as evident
for example in [94], [95], [96]). Therefore, the concept of
adaptive capability being highlighted and examined in
this work can be considered to be strongly aligned with
this now well-established evolution tradition in the man-
agement and economics areas. It should further be noted
that a closely related notion within this broader theoreti-
cal literature is the concept of “dynamic capability”,
which is intuitively very appealing as a descriptor of the
phenomenon that we are highlighting in this paper, but
the fields of strategy and economics are still debating
what precisely they intend by this term theoretically, so
we have decided to remain with the more generic evolu-
tionary term of “adaptive capability”.

Our longitudinal study of 15 companies found that
software process adaptive capability and organisational
performance are positively associated. Had our study
involved a much greater number of companies, had it
conducted more extensive inquiries within the participat-
ing organisations, and had it examined a broader

timeframe, then we could make much stronger state-
ments in relation to our findings. However, our study
was of an exploratory nature and it exhibits a number of
limitations that should not be casually overlooked. Per-
haps paramount among the limitations is the subjectivity
of study participants and related quantifications, and the
fact that what is actually being measured is their opinion
with respect to their changing circumstance, their soft-
ware process and their business performance. However
this limitation itself may highlight an important charac-
teristic of more performant organisations - in that if busi-
ness performance is informed (at some level) by process
adaptation, and process adaptation is catalysed by a ca-
pacity to perceive change, then software process optimali-
ty and the potentially significant benefits that it can con-
vey are constrained in the first instance by the very ability
to recognise changes to the situation. Future examinations
of this characteristic may offer a fruitful avenue for ad-
vancement in both research and practice.

Despite the limitations that we have identified, our
study findings do open up the possibility that software
process adaptive capability may be an important differen-
tiator in the context of competitive advantage and organi-
sational performance, and this has implications for re-
searchers and practitioners alike. Those involved in the
creation and evolution of software process models and
methodologies may want to enhance their support for
adaptive capability, those actively engaged in industrial
software development may want to focus additional en-
ergy on their adaptability, and those involved in the re-
search community may want to further explore this
space.
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