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For software process improvement – SPI – there are few small organizations using models that guide
the management and deployment of their improvement initiatives. This is largely because a lot of these
models do not consider the special characteristics of small businesses, nor the appropriate strategies for
deploying an SPI initiative in this type of organization. It should also be noted that the models which direct
improvement implementation for small settings do not present an explicit process with which to orga-
nize and guide the internal work of the employees involved in the implementation of the improvement
oftware process improvement
mall software companies
odel to guide improvements

gile methods
crum
PI

opportunities. In this paper we propose a lightweight process, which takes into account appropriate
strategies for this type of organization. Our proposal, known as a “Lightweight process to incorporate
improvements”, uses the philosophy of the Scrum agile method, aiming to give detailed guidelines for
supporting the management and performance of the incorporation of improvement opportunities within
processes and their putting into practice in small companies. We have applied the proposed process in
two small companies by means of the case study research method, and from the initial results, we have

suita
observed that it is indeed

. Introduction

Software process improvement – SPI – is a planned, managed
nd controlled effort which aims to enhance the capability of
he software development processes of an organization (Krasner,
001). SPI aims to understand the software process within an orga-
ization and, using this knowledge base, it sets out to drive the

mplementation of change so that specific goals can be achieved
Coleman and O’Connor, 2008) (i.e. to meet its particular purpose).
ccording to the systematic review on SPI in small companies
resented in Pino et al. (2008), for some years now the Soft-
are Engineering community has been showing an ever-increasing

nterest in tackling SPI in small companies. They see this to be a
trategy which can be used to increase software product quality, as

ell as to improve the productivity of software development.

Even though there are different SPI standards in existence at
resent, there is evidence that the majority of small software orga-
izations are not adopting these standards (Coleman and O’Connor,
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2008; Laporte et al., 2008). The reasons for this are diverse, but
according to Laporte et al. (2008) one important factor is the nature
of the standards, which do not provide adequate guidance for
use in small software organizations. We might also observe that
these standards, along with many proposals explicit to small com-
panies, focus on offering models related to the best practices of
processes (process reference models) and the manner of assess-
ing process (process assessment models). They do not provide the
explicit guidelines needed for the small companies to drive their
SPI activities (improvement models suitable for small companies).
An interesting finding of the systematic review presented in Pino
et al. (2008) is the percentage of the use of these models in the pri-
mary studies analyzed: 71% used some process reference model,
42% used some assessment model and 24% used some improve-
ment model. That is, small organizations have used models that
direct the implementation of SPI activities in their initiatives for
process improvement to a lesser extent. Regarding this issue, we
consider it important to look into improvement models that may
be suitable for small organizations because such a model should: (i)

help to understand what to do when a small organization is inter-
ested in carrying out SPI initiatives within their organization; and
(ii) provide the guidelines that are needed to organize all the activi-
ties related to process improvement as well as to connect the other
models and elements involved.
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With all that in mind, we have developed an Improvement frame-
ork in the context of the COMPETISOFT project (Oktaba et al.,
007). COMPETISOFT offers a strategy for supporting software pro-
ess improvement in small organizations, and its Improvement
ramework provides improvement practices, strategies and tools to
uide the execution of improvement initiatives in small companies.
nitially, we defined a process to manage and lead the SPI initia-
ives in small organizations step-by-step, called PmCOMPETISOFT
Pino et al., 2009a), as the backbone of this Improvement frame-
ork. This process describes five activities: (a) initiating the cycle,

b) diagnosing the process, (c) formulating improvements, (d) exe-
uting improvements and (e) revising the cycle. PmCOMPETISOFT
ffers a set of well-defined process entities (such as activity dia-
ram, activities, roles, work products and templates) to the whole
rocess improvement lifecycle. From an early application of this
rocess in a pilot case study we observed that it was a good pro-
osal for guiding SPI initiatives in small organizations, but that it
as not yet sufficient. This first application (and other previous

tudies that we have performed (Hurtado et al., 2008)) led us to
onclude that:

For small companies it is not easy to incorporate into their pro-
cesses the improvement opportunities that are uncovered in the
diagnosing of process activity.
Small organizations have difficulties in managing and carrying
out improvement activities in which the greatest amount of effort
falls mainly upon the organization (in PmCOMPETISOFT these
activities are formulating improvements and executing improve-
ments).
It is necessary to develop a proposal which offers more detailed
guidelines to address specifically those activities which have to
do with the formulation and execution of improvement opportu-
nities. Furthermore, what is proposed should be suitable for small
organizations.

We have developed a proposal to tackle the issue described
bove. What we have proposed takes into account agile meth-
ds, for as according to Coleman and O’Connor (2008), Hurtado
nd Bastarrica (2006) and Abrahamsson et al. (2002) the strategies
ffered by these methods are appropriate for small organizations.
ur proposal thus describes a process called PfemCOMPETISOFT,
hich uses the Scrum agile method, seeking to provide detailed

uidelines for supporting the management and performance of the
mprovement iteration (which is made up of the activities of for-

ulating and executing improvement from PmCOMPETISOFT). The
bjective of PfemCOMPETISOFT is to support the incorporating
f improvement opportunities (found in the diagnosing of process
ctivity) within the processes of the small organizations. We have
sed the Scrum agile method for the definition of this process,
ecause it provides support for project management, emphasizes
anagement values and practices and focuses on small teams

Abrahamsson et al., 2002). A discussion on why we have used agile
ethods, and especially Scrum, in our proposal, is presented in the

ext section.
The purpose of this paper is to present the PfemCOMPETISOFT

rocess. It also describes our experience of the application of the
roposed process in two small organizations, through case stud-

es. These organizations were involved in an improvement project,
hich used the Improvement framework of COMPETISOFT. They
sed PfemCOMPETISOFT to guide the incorporation into their pro-
esses of the improvement opportunities that were uncovered in

he diagnosis activity. The paper is organized into six sections.
ollowing this introduction, Section 2 of the paper presents the
ackground on characteristics of small companies and SPI success
actors in these organizations; why we used agile methods is set
ut, and the related works are also described. Section 3 describes
d Software 83 (2010) 1662–1677 1663

the Improvement framework of COMPETISOFT and gives an overview
of the PmCOMPETISOFT process. The PfemCOMPETISOFT process
and how Scrum supports the activities of formulating and execut-
ing improvement is shown in Section 4. Section 5 presents two
case studies where this process was applied and finally, Section 6
presents our conclusions and future lines of work.

2. Background

To develop process improvement proposals suitable for small
software organizations, the special characteristics of this type of
organization and the success factors of process improvement in
small organizations should be taken into account.

In (Laporte et al., 2008; Horvat et al., 2000; Richardson and
Wangenheim, 2007; Hofer, 2002) the special characteristics of
small companies are analyzed and discussed. From these studies
we have extracted some characteristics of the small organizations,
which include the following:

• Their software development is driven by light processes which
are strongly human-oriented and there is constant communica-
tion between the project members and the customer.

• They are usually dynamic and flexible, with a flat organizational
structure (not traditional), in a free-flow management style that
boosts enterprising and innovative spirits.

• Typically, they carry out their management process through
informal mechanisms, based on face-to-face relationships (com-
munication, decision-making, problem resolution, etc.).

• They do not have enough staff to develop specialized functions,
and they have little or no room in their budget for buying the
required expertise.

• These companies are economically vulnerable and they have lim-
ited economic resources.

The characteristics of these organizations, such as specific pro-
cedures of work and specific relationship between employees,
require appropriate management of SPI projects (Horvat et al.,
2000). Another feature is that the success of process improvement
in small organizations is also directly related to the manner in
which the improvement project is managed. Some of these suc-
cess factors, which can be found in Pino et al. (2008), are: guiding
the implementation (or deployment) of SPI by means of specific
processes and the combination of different approaches, the moni-
toring and supervision of the SPI project, the attainment of a rapid
return on investment, the definition of what SPI objectives are fea-
sible with the resources available, the participation of employees
in SPI (button-up), suitable communication between SPI partic-
ipants, and that SPI should be based upon learning, not upon
control.

2.1. Small organizations and agile methods

According to Coleman and O’Connor (2008), small organizations
argue that each project and situation is new to them and that cre-
ativity and flexibility are important capabilities; they also affirm
that these capabilities can be supported by agile methods. Further-
more, according to Coleman and O’Connor (2008), agile methods,
with their advocacy of self-empowered teams and shared owner-
ship, are more associated with the style of management of small
organizations. This is because this type of company considers that

agile practices can be applied in their software process basically due
to the small initial investment required and because it allows them
to take advantage of competitiveness in their personnel (Hurtado
and Bastarrica, 2006). In our opinion, the agile methods also can
support some success factors involved in process improvement
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n small organizations, as well as several special characteristics of
hese companies.

As Abrahamsson et al. (2002) point out, some agile methods that
ocus on small teams are: Agile modeling (Ambler, 2002), Extreme
rogramming (Beck, 1999), Pragmatic programming (Hunt and
homas, 2000) and Scrum (Schwaber, 1995). However, of the four
ethods described previously, only the Scrum agile method pro-

ides a framework for managing projects, whilst the others center
n describing practices, activities and work product techniques
o do with software development. As stated in Schwaber (2009),
crum is not a process or a technique for building products; rather,
t is a framework within which you can employ various processes
nd techniques. This feature allows combining the framework for
anaging projects described by Scrum with technical processes of
specific knowledge area, in our context, for instance, the SPI area.

Bearing in mind (i) the aspects previously described as regards
gile methods and Scrum, and (ii) the particular needs set out in
he introduction about developing a proposal to support the incor-
oration of improvement opportunities into the processes of small
rganizations, we believe that Scrum is suitable for this kind of
rganization and that it should be borne in mind in the devel-
pment of our proposal. This conviction comes from the fact that
crum focuses on small teams, it gives most emphasis to manage-
ent values and practices, it can be combined with other processes

e.g. PmCOMPETISOFT), and that it is the method which can support
uccess factors for process improvement such as those we have set
ut before.

.2. Related work

With regard to research on models that direct improve-
ent implementation for small organizations, various proposals

ave emerged in recent years. These include, amongst others,
ESOPyME (Calvo-Manzano et al., 2002), IMPACT (Scott et al.,

001), PROCESSUS (Horvat et al., 2000), ASPE-MSC (Wangenheim
t al., 2006) and the application of the IDEAL model to small and
edium enterprises. The PROCESSUS framework is based on the

rocess modeling paradigm, in which each procedure is dealt with
s a process, which is defined, established, implemented and main-
ained. The IMPACT framework is based on the idea that the process
s an abstraction of the practices carried out in many different
rojects by many different people. It therefore permits continual

earning and the improvement of the process, precisely through
his experience that has been gained by a lot of people in a lot of
rojects. MESOPyME has as its focal point the reduction of time
nd effort in the implementation of SPI by using the concept of
ction packages as a base. ASPE-MSC integrates and adapts existing
pproaches on establishment of software process to the character-
stics of small companies. The goal is to support a cost-efficient and
ffective establishment process in these companies as part of a SPI
nitiative. However, none of these proposals presents an explicit
rocess with which to guide the internal work of the employees

nvolved, to enable them to manage and carry out the deployment
f the improvement activities in the small organization.

When considering the application and adjustment of the IDEAL
odel to small and medium enterprises, it is worth noting the

tudies presented in Casey and Richardson (2004) and Kautz et al.
2000). The first study was carried out in a medium-sized enter-
rise, and it identified that the IDEAL model’s acting phase should
e adapted to the organization’s characteristics. In the acting phase
he improvements discovered are created, piloted, and deployed

hroughout the organization. The study also highlighted that if
he business had carried out this phase as the IDEAL model had
ndicated that it should, then it would have had a negative effect
pon the organization’s process improvement initiative. The rea-
on for this is that it did not take into account either the time or
d Software 83 (2010) 1662–1677

the resources needed to carry out the tasks. On the other hand, the
second study took place in a small enterprise, and discovered that
to improve processes in small organizations a structured model
needs to be used to organize the process, to adjust the model to
the particular conditions of the organization, and to perform the
improvement activities as a project with clearly assigned and doc-
umented roles, responsibilities and resources. What is more, both
studies demonstrate that, if the improvement initiatives suggested
by the IDEAL model are to be applied, there is a need for at least one
full-time specialist in process improvement. That does not seem to
be suitable for the characteristics of small companies, as many of
these organizations do not have enough staff to develop specialized
functions and their budget forbids buying this required expertise.
Moreover, neither of these studies explicitly presented a process in
detail which was adapted to the IDEAL model and which could be
applied to others small organizations.

With regard to works related to models that direct improvement
implementation and agile methods, we should mention those pre-
sented in Salo and Abrahamsson (2007) and Kähkönen (2005). This
first work proposes an iterative improvement process for carrying
out SPI within agile software development teams, and the second
one presents a lifecycle model for an SPI project which deploys an
agile method in a single project. That is to say, these works focus
upon process improvement in projects or teams which work with
(or implant) agile methods. Our proposed process, however, makes
use of an agile method such as Scrum to support the management
and carrying out of the improvement process, following any type
of process reference paradigm.

The aspects set out above justify the definition of a Lightweight
process for improvement incorporation, which would add more
details to the activities of formulating improvement and execut-
ing improvements of the PmCOMPETISOFT process (see Fig. 1). We
have used the Scrum agile method to manage and carry out the
activities of formulation and execution of improvement, in which
many of the organization’s employees are directly involved. As dis-
cussed in Section 2.1, our reason for doing so is that this method
provides support for project management and it is suitable for
small teams. Furthermore, apart from those advantages, Scrum
emphasizes management values and practices, without including
practices on technical issues. This allows Scrum to be integrated
with other methods and processes, thus offering them more agile
management or deployment. Taking into account this aspect, the
incremental and iterative process proposed by Scrum has been inte-
grated and tailored to the activities of formulating improvement and
executing improvements of the PmCOMPETISOFT. This means we can
offer a strategy which is useful and practical and through which all
the employees will become involved and take part in the process
improvement to which they are related within the organization.

3. Improvement framework of COMPETISOFT

The Improvement framework, along with the Process reference
model and the Evaluation model, are the three components that
make up the Methodological Framework of COMPETISOFT; see
Fig. 1.

This Methodological Framework is the strategy developed by
the COMPETISOFT project (Oktaba et al., 2007) for supporting SPI
in small organizations, since the vast majority of the companies that
make up the Latin American software industry are small-sized, with
fewer than 50 employees (MBI, 2004). In this respect, the frame-

work that has been developed took into account the characteristics
peculiar to this type company, thereby offering the Latin American
software industry a process improvement approach which has been
adapted to its particular context. The COMPETISOFT project seeks
to increase the level of competitiveness of small software organi-
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Fig. 1. Overview of the improvement framewor

ations through the improvement and certification of the software
rocesses of these organizations, using the proposed components
nd by means of the Methodological Framework. Regarding com-
onents of the Methodological Framework, a brief description of
hese is presented below:

The Process reference model provides a suitable and useful process
group for increasing the process capability in small organizations.
In this respect, each of these processes offers best software prac-
tices, which should be considered by this kind of organization if
they are to improve their processes.
The Evaluation model defines the necessary elements in the exe-
cution of a formal assessment, the objective being to give the
small organizations a rating of their process capability and orga-
nizational maturity. In this sense, we suggested that the defined
Evaluation model must use and be in conformance with ISO/IEC
15504 Part 2 (ISO, 2004a) and Part 7 (ISO, 2008).
The Improvement framework provides improvement practices,
strategies and tools to support SPI initiatives in small companies
(Pino et al., 2009b). This framework defines: (i) an improve-
ment process called PmCOMPETISOFT (Pino et al., 2009a), which
is the backbone as well as the component integrator of the
Improvement framework; (ii) a methodology for software pro-
cess assessment called METvalCOMPETISOFT (Pino et al., 2010),
which extensively describes the activity of diagnosing the soft-
ware processes in small organizations and which is conformance
with ISO/IEC 15504-2; (iii) a Strategy for process selection and
prioritization, which supports the selection of critical processes
during the implementation of a process improvement project in
small companies (Pino et al., 2009c); (iv) a Lightweight process
for improvement incorporation called PfemCOMPETISOFT, which
provides a extension of the activities of formulating and exe-

cuting improvements of PmCOMPETISOFT; and (v) a Tool set to
support the improvement process, which provides software tools
to support the dissemination, the knowledge, the management
and the implementation of the components of the Improvement
framework.
methodological framework of COMPETISOFT.

The strategy for process selection and prioritization, METval-
COMPETISOFT and Tool set to support the improvement process
of the Improvement framework are beyond the scope of this arti-
cle, which focuses on the description of the Lightweight process for
improvement incorporation. To help to make the proposed Pfem-
COMPETISOFT process easier to understand, we will now go on to
give an overview of PmCOMPETISOFT (a complete description is
presented in Pino et al., 2009a).

3.1. Improvement process – PmCOMPETISOFT

PmCOMPETISOFT is a light process influenced by the IDEAL,
ISO/IEC 15504-4 (ISO, 2004b) and Scrum models, which guides the
implantation of an improvement initiative in an iterative and incre-
mental manner, and which plans to satisfy the following principles:

• Early and ongoing achievement of improvement: the generation
of visible short-term results implies that the actors involved in
this improvement process see the fruits of their work at an early
stage and thus continue to be motivated. This also permits the
minimization and control of risks in the improvement project.

• Ongoing and rapid process diagnosis: the ongoing diagnosis of the
organization’s processes and of the improvement process, in an
effort to verify whether the improvement project is fulfilling its
objective of raising the level of capability and efficiency of the
organization’s processes.

• Elemental process measurement: the carrying out of measurement
activities through the systematic use of process base measures
which are suitable for this type of organizations.

• Effective group collaboration and communication: the establish-
ment of communication and collaboration strategies between
the various actors involved in the improvement process project,

highlighting the importance of each person’s role within this
project.

• Ongoing learning: offering training in software process improve-
ment to those involved in the improvement project, making them
aware that their support, contributions and active participation
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Fig. 2. PmCOMPET

are necessary for the project to be a success. These actors are
also encouraged to reflect upon the work carried out; the lessons
learnt are thereby reinforced and the improvement project can
hence be improved and adjusted.

PmCOMPETISOFT’s purpose is to improve the organization’s
rocesses as appropriate to its particular business objectives. It is
lso to assist it in carrying out its software improvement process
y focusing on small enterprises, defining a guide with which to

mplement a step-by-step process improvement. Fig. 2 shows an
verview of PmCOMPETISOFT by means of an activities diagram.
rom this diagram we can see that:

There are five roles: Management improvement group (MIG),
Responsible for process improvement (RPI), Process improve-
ment group (PIG), Responsible for process or Participant (RP) and
Evaluator (EV).
Each of the improvement cycles is formed by one or more
improvement iterations. An improvement cycle consists of five
activities: Initiating the cycle, Diagnosing the process, Formulat-
ing improvements, Executing of improvements and Revising the
cycle: the activities of Formulating improvements and Executing
of improvements make up the improvement iteration.
The work products are: Improvement proposal, General improve-
ment plan, Improvement implementation plan and Improvement
report.

. Using Scrum to support the activities of formulating and
xecuting of improvements

As a method, Scrum (Schwaber, 1995) emphasizes values and
anagement practices and does not include technical practices,

nd this is just what gives it its capacity to complete other meth-
ds and processes. This agile method offers an incremental and
volutive process for the development of products. We could add
hat, as the PmCOMPETISOFT activities of formulating and exe-
uting improvements are iterative and incremental, initiated by
rioritized improvement opportunities which are described in the

eneral improvement plan (obtained from the diagnosing activity;
ee Fig. 2), the strategies proposed by Scrum are in our view suit-
ble for the management and deployment of both these activities
n small businesses. It is important to clarify that after carrying
ut these activities, the desired product is a process with a higher
activity diagram.

capability level and this is put into practice within the organiza-
tion. That being the case, we used and adapted the incremental
and evolutive process of Scrum to develop the Lightweight process
to incorporate improvements, which gives a more detailed guide-
line for carrying out the activities of formulating improvement and
executing improvements of PmCOMPETISOFT.

4.1. The lightweight process to incorporate improvements

This section provides a detailed description of this proposed
lightweight process following the process pattern established by
COMPETISOFT, which includes purpose, objective, activity dia-
gram, roles, activities, work products and tools support. Within
the description of activities, roles and work products we show the
Scrum elements (described in Schwaber (2009)) that are related
to each of these. The goal is clarify how we took this method into
account in the development of PfemCOMPETISOFT.

4.1.1. Purpose
To offer a guideline for managing and carrying out the activ-

ities of formulating improvements and executing improvements (i.e.
an improvement iteration). This guideline would allow the employ-
ees involved in the SPI initiative of the small organizations (mainly
to the responsible for process improvement) to manage, deploy and
take part in the execution of the incorporation of the improvement
opportunities found and with which they have some relationship.

4.1.2. Objective
To support the incorporating of improvement opportunities in

the processes of small organizations, by means of the establish-
ment of a break-down of the activities of formulating improvements
and executing improvements (improvement iteration), following the
philosophies proposed by Scrum.

4.1.3. Activity diagram
Fig. 3 shows the activity diagram of the proposed lightweight

process.
4.1.4. Activities
One or more improvement iterations must be carried out to

include the improvement opportunities within the processes to be
improved (improved processes). To manage the complexity of the
improvement opportunities found in the SPI initiative, these are
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rouped in improvement cases according to specific improvement
argets of the organization. An iteration allows the management
nd development of an improvement case to advance indepen-
ently. In this respect, each improvement iteration creates an

ncrement in the process capability by means of the incorpora-
ion of specific improvement opportunities. In order to reach this
ncrement, iteration entails the definition and the putting into prac-
ice of the improved process. Each improvement iteration consists
f five activities: Planning the iteration, Designing the improvement
ase, Executing the improvement Sprint, Presentation of improved pro-
ess and Presentation of next iteration. These activities are presented
elow:

Planning the iteration: the objectives of the current improve-
ment iteration are described. The improvement opportunities set
associated with each improvement case and the other items
established in the preliminary improvement plan (which is part
of the general improvement plan, see Fig. 2 and work products
sub-section) are reviewed, validated and approved by the man-
agement improvement group. The strategy presented in Pino et al.
(2009c) can be used to prioritize the improvement opportunities
since this is a key task in this activity (this activity is related to
Release planning meeting from Scrum).
Designing the improvement case: the strategies with which to
satisfy the improvement opportunities are identified. The activ-
ities associated with the strategies for carrying out the current
process improvement are defined and an estimate (in hours
or days) of these tasks is made. These activities are defined
and assigned to the members of the work team in the orga-

nization and an agreement is reached with the work team
regarding the development of the improvement iteration. The
team responsible for this activity is the process improvement group
(this activity is related to Sprint planning meeting and Sprint
backlog).
process to incorporate improvements.

• Executing the improvement sprint: bearing in mind the concept
of Scrum’s sprint, we consider an improvement sprint to be a set
of improvement activities conducted over a pre-defined period,
usually 1–4 weeks, which is used to implement and monitor
the incorporation of the improvement opportunities within pro-
cesses of the small organization. As can be seen from Fig. 3, we
have tailored the tasks of the Scrum’s sprint to the needs of
the improvement sprint, thereby providing the people involved
in this sprint with a work structure that would place the desired
improvement opportunities within the processes. Through the
implementation of several improvement sprints, the process is
completely defined and put into practice in the organization. The
team responsible for these tasks is made up of the person respon-
sible for process improvement and the person responsible for process
or participant. The tasks defined in the improvement sprint are
compliant and consistent with those described by the Scrum’s
sprint, and they are:
◦ Plan execution of improvement sprint: The improvement sprint’s

goal is defined. The first sprint must have as its goal to define an
initial process version that incorporates the selected improve-
ment opportunities and which belongs to the improvement
case that is being addressed with the current iteration. In this
respect, the best practices described in a process reference
model should be borne in mind to define the process that is
being improved. The next improvement sprints should focus
on putting the latest process version into practice and/or on
incorporating in the definition of this process the rest of the
improvement opportunities that have not been addressed yet.
The specific tasks to define the improved process or to put it

in practice are identified, estimated and selected (this task is
related to Sprint planning meeting and Sprint backlog).

◦ Daily work, Manage problems, Update improvement opportuni-
ties: the specific tasks to reach the improvement sprint goal are
performed by the work team (related to development work).
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◦ Improvement sprint meeting: an inspection of the progress
towards the sprint goal is performed in order to regulate
improvement tasks. Process improvement is an activity involv-
ing the whole organization, permeating all of the ongoing daily
work of the software development in the company. It is also
an activity that complements those day-to-day tasks and it
requires an additional effort. That being so, we propose that the
sprint meeting should take place once or twice a week, depend-
ing on the progress and needs of the improvement iteration
(this task is related to daily Scrum).

◦ Improvement sprint review: the goal is to show the improvement
work carried out during the current sprint. The work performed
is assessed against the sprint goal. To carry out this review,
it is important to consider that the objective of each sprint
is to increase the improved process capability. This capability
increase is given by incorporating best practices in the defi-
nition of the process and its implementation. These practices
satisfy the improvement opportunities that have been selected
for the current sprint. On the other hand, in this meeting, sug-
gestions about the lessons learnt and problems found are also
received, along with the most relevant results of the improve-
ment sprints. This allows for feedback from these sprints, which
must be taken into account for the following improvement iter-
ations (this task is related to Sprint review).

◦ Improvement sprint retrospective: a retrospective analysis of
the work carried out by team members that were involved
in the last improvement sprint takes place. The feedback
obtained supports ongoing learning and improvement of the
sprint and iteration. In our context the ongoing learning and
improvement involve: (i) to improve the process used for
improving processes, and (ii) to identify new process improve-
ment opportunities. This task entails revising and adjusting the
improvement process used, in this case PfemCOMPETISOFT, to
make it more effective and enjoyable for the next improvement
sprint and iteration. Furthermore, actionable improvement
identified from the daily work related to the process that is
being improved or other processes is added to the improve-
ment opportunities group (this task is related to retrospective
sprint).

Presentation of improved process: the improved process of the
organization is presented, and the manner in which to institu-
tionalize it within the entire organization is determined.
Presentation of next iteration: the new improvement iteration is
announced.

The work carried out in the activities Planning the iteration and
esigning the improvement case should be registered in the improve-
ent implementation plan. In addition, the work carried out in the

ther activities is registered in the iteration improvement report.

.1.5. Roles and work products
Both process entities are derived from PmCOMPETISOFT. This

rocess describes a competence set needed to perform the work
f each role. These competences involve the skills necessary to
mprove software process and to increment their capability, such as
mprovement project execution and management, and assessment,
efinition and execution of software process. To use PfemCOMPETI-
OFT, it is necessary to consider additional competences related
o Scrum for some roles. In this respect, the individual respon-
ible for process improvement must have knowledge about the

esponsibilities of the ScrumMaster, and one person from the man-
gement improvement group must play the role of Product owner.
n the other hand, in the following bullet points, we describe those
ork products which have a direct relationship with the proposed

ightweight process:
d Software 83 (2010) 1662–1677

• General improvement plan: this is the input work product to the
lightweight process and it is a document is made up of two parts:
(i) the assessment report which describes the state and analysis
of the processes, and (ii) the preliminary improvement plan which
defines: the improvement opportunities and their prioritization,
the improvement cases, the number of improvement iterations,
a draft of the general planning (it includes measures, training,
risk management and chronogram sketch). The list of improve-
ment opportunities is the requirements to be incorporated within
processes that are being improved (related to Product backlog).

• Improvement implementation plan: a document which defines the
high-level activities which must take place if the improvement
cases are to be created, designed and executed (related to Sprint
backlog). This document contains: the probable planning of the
current iteration and a draft design of the improvement case (or
improvement opportunities) that is addressed by this iteration.
This design involves a definition of the process to be improved,
which incorporates the selected improvement opportunities.

• Improvement iteration reports: this report includes relevant infor-
mation on the performance and assessment of the current
iteration and its sprints. In this respect, the specific tasks iden-
tified to meet the objectives of the different performed sprints
are recorded (related to Sprint backlog). The analysis of the
improvements brought into the organization’s processes, the
improved process documentation, the effort involved, achieve-
ments attained, lessons learnt, an iteration post mortem review,
recommendations for improvement iteration adjustment, and
conclusions about the improvement iteration from the point of
view of the organization are recorded too.

4.1.6. Tools support
One factor that may assist small companies to successfully

direct a process improvement initiative is that of providing tech-
nological support to such companies through software tools which
will enable them to guide, implement and manage their improve-
ment process (Pino et al., 2008). Lightweight process to incorporate
improvements has therefore been described with the standard SPEM
2.0 and edited with the EPF Composer (Eclipse, 2007), in order to
generate documentation in a standard format which is updated
and which is available to organizations through the Web. It can be
viewed in CYTED (2008). We have also developed a couple of tools
to support the person responsible for process improvement during
the improvement cycle, these are: (i) GENESIS (Hernández et al.,
2008), which can be used for the management and implementation
of all activities of an improvement cycle (including the formulation
and execution of improvements), as well as in the administration of
generated knowledge; and (ii) HEPALE! (Cruz et al., 2009), which is
an educational tool to support dissemination-getting to know and
understand the processes described by the Process reference model
and the Improvement framework.

4.2. Correspondence between PfemCOMPETISOFT and Scrum

Based on the description presented in the previous section, an
overview of the correspondence between the PfemCOMPETISOFT
process entities and the Scrum elements is shown in Table 1.

The Scrum framework consists of a set of activities (the Release
planning meeting, the Sprint planning meeting, the Sprint, the
Daily Scrum, the Sprint review, and the Sprint retrospective),
roles (the ScrumMaster, the Product owner and the Team) and
work products (the Product backlog, the Release burndown, the

Sprint backlog, and the Sprint burndown). From these elements,
we have emphasized activities for defining PfemCOMPETISOFT,
since these directly support the goal of this process, giving a
break-down of the improvement iteration (activities of formu-
lating improvements and executing improvements) in managing
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Table 1
Relationship between PfemCOMPETISOFT process entities and Scrum elements.

PfemCOMPETISOFT Related Scrum’s element

Process entity Key description related to Scrum

Improved process Process with higher capability level that is put into practice within the
organization.

Product

Improvement opportunities set Improvement opportunities are all best practices desired in the processes to be
improved.

Product backlog

Planning the iteration Goals and a draft plan (this is mid-term planning, by including the major risks,
probable delivery date, work team and cost) of the improvement iteration are
established.
The highest priority improvement opportunities and cases are determined.

Release planning
meeting

Designing the improvement case Strategies are determined, along with their high-level activities to attempt the
improvement sprints so as to satisfy the improvement opportunities.
These activities are estimated and assigned to the members of the work team.
An agreement is reached with the work team for the carrying out of the
improvement iteration.

Sprint planning meeting
Sprint backlog

Improvement sprint Set of improvement activities conducted over a pre-defined period, which is
used to implement and monitor the incorporation of the improvement
opportunities within processes of the organization.

Sprint

Plan execution of improvement sprint Goals and scope of the improvement sprint are defined.
The specific tasks to define the improved process or to put it into practice are
identified, estimated and selected. These tasks describe how the high-level
activities perform.
A short-term planning for these tasks is established.

Sprint planning meeting
Sprint backlog

Improvement sprint meeting A progress inspection towards the sprint goal is performed to regulate
improvement tasks. In the context of a process improvement project we
propose that this meeting take place once or twice a week.

Daily Scrum

Improvement sprint review What was accomplished during the improvement sprint is shown.
The success of the improvement sprint is assessed by contrasting the work
performed against the sprint goal.

Sprint review

Improvement sprint retrospective How the sprint went as regards team members, process and tools is analyzed.
This feedback on the improvement sprint and iteration should support their
ongoing learning and improvement.

Sprint retrospective

Responsible for process improvement This person has the role of ScrumMaster. ScrumMaster
Management improvement group One single person from this group plays the role of Product owner. Product owner
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Preliminary Improvement Plan This work product contains th
prioritization and grouping in

Improvement Iteration Reports This work product contains th

nd carrying out the incorporation of improvement opportunities
n the processes of the small organizations. Regarding the roles
nd work products, Table 1 establishes a relationship between
hese elements from PfemCOMPETISOFT and Scrum. For these ele-

ents, in our proposed process we have kept the same names
s in PmCOMPETISOFT (without using the names from Scrum), in
rder to guarantee the coherence of these elements between both
rocesses.

. Application of the proposed lightweight process

The Action Research (A-R) and Case Studies methods have been
sed for the definition, refinement and application of the com-
onents developed in the context of the COMPETISOFT project.
ccording to McKay and Marshall (2001) and Chiasson et al. (2009),
-R involves a research cycle and a problem-solving cycle, in which

he knowledge is applied and discovered interactively between
ctivities with different goals and outcomes. Each cycle includes at
east the following activities: problem diagnosis, action interven-
ion, and reflective learning (Avison et al., 1999). In this respect,
he components of the COMPETISOFT’s improvement framework,
ncluding PfemCOMPETISOFT (theoretical knowledge), were devel-
ped by means of the execution of various research cycles, and
hese components were applied by means of the execution of the
roblem-solving cycles. We have used the case study method to

upport the execution of the action intervention activity from the
roblem-solving cycle. The execution of the problem-solving cycles
llowed us to discover practical knowledge, which was registered in
he case study reports. This knowledge influenced the next research
ycle, to discover new theoretical knowledge, which was included
ovement opportunities, their
vement cases.

Product backlog

identified to meet the sprints’ objectives. Sprint backlog

in the components of the Improvement framework, thus creating
new, refined and improved versions of the components of this
framework (including PfemCOMPETISOFT).

On the other hand, by using the A-R research method we divide
the project participants into two groups: the first is made up of
researchers from various universities and an national body of certi-
fication, and the second is called the critical reference group and
includes computer professionals from small software organiza-
tions. As mentioned previously, the application of A-R is iterative
and it has allowed us a continual feedback between the researchers
and the companies involved, so we can polish up the components
of the Improvement framework. With regards to the execution of
the action intervention activity of the problem-solving cycle from
A-R, the researchers applied the empirical variant (French and Bell,
1999). That is, PfemCOMPETISOFT was applied by the researchers in
the small companies (critical reference group) by means of the use of
the case study research method. In order to validate the proposed
PfemCOMPETISOFT process we have conducted two case studies
by following the protocol template for case studies presented in
Brereton et al. (2008) (see Fig. 4).

It is important to highlight that in order to carry out the case
studies of PfemCOMPETISOFT, it has also been necessary to use
PmCOMPETISOFT, due to the fact that, to apply PfemCOMPETISOFT,
a set of process improvement opportunities is needed and these
opportunities are discovered by means of the diagnosis activity

from PmCOMPETISOFT. That is to say, by means of the diagnos-
ing the process activity of PmCOMPETISOFT, we determined the
improvement opportunities, and these have been incorporated in
the processes of the small organizations by using PfemCOMPETI-
SOFT. Thus, that proposed process has been used to conduct the
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Fig. 4. Application of A-R and cas

ctivities of formulating improvements and executing improvements.
n this respect, this section shows how PfemCOMPETISOFT has been
pplied alongside PmCOMPETISOFT to give a complete vision of
he improvement initiatives performed by the two small enter-
rises involved in the case studies. Although this section describes
ll the activities performed in the improvement initiatives, in Sec-
ion 5.3 we emphasize the results of applying PfemCOMPETISOFT.
ur next step in this paper will be to describe the case studies per-

ormed in terms of design, analysis unit, subjects, field procedure,
ata collection, and analysis.

.1. Design, analysis unit and subjects

The main research question addressed is: Is the Lightweight pro-
ess to incorporate improvements suitable (useful and practical) for
riving the formulation and execution of improvements in small
oftware enterprises? Additional research questions addressed by
hese case studies are: (i) Does the proposed lightweight process
nable small companies to involve their employees in the execution
f the improvement activities? (ii) Does the proposed lightweight
rocess enable small companies to incorporate the improvement
pportunities in their processes and put them in practice? (iii) Is
he effort of applying the proposed lightweight process suitable for
mall companies? Taking into account the focus presented by Yin
2003), the design type of the case study in this work is multiple
ases – holistic, since the strategy has been applied in the context
f two small business. The object of study is the Lightweight pro-
ess to incorporate improvements. The measures used to investigate
he research questions are: (i) the effort involved in carrying out
he activities associated with the SPI initiative, and (ii) the capa-
ility level of the processes under analysis (those which need to
e improved). Furthermore, we also took into account the benefits
escribed by the small organizations. In this vein, the analysis units
re the improvement iteration composed of the activities of formu-
ating and executing improvement, along with the processes to be
mproved by the organizations.

For the application and validation of the study object, we worked
ith two companies that form part of the critical reference group
f the COMPETISOFT project, which were our research subjects.
n order to protect their anonymity, in this paper we shall refer
o these two companies as SmallComp1 and SmallComp2. Next,
ome features about these companies are described, including their
roducts, business area and motivation to improve:
ies to the COMPETISOFT project.

• SmallComp1 is a small software development company with 5
years of experience at a nationwide level. The company’s present
staff is made up of seven people, six of whom are devoted to the
development, operation, and maintenance of software products.
The main work areas of the company include the development
of organizational web portals, e-commerce solutions, geographic
information systems, and support software for education cen-
ters. Although this company offers off-the-shelf products to its
customers, most of its workload is given by projects for custom
software development. Its average sales during the last 3 years
have been $153,000. One of the main problems at SmallComp1
was that the absence of visible and explicitly defined processes
prevented the organization from growing accordingly to the
increasing demands of its customers. That was the main reason
for establishing a process improvement program. Furthermore,
this company considers that software process improvement is
important because “without it, the company has few possibilities
of growth”.

• SmallComp2 is a small academic organization (in a Spanish uni-
versity) with 13 years of experience at a nationwide level. It
combines research and development activities with software
development projects for other organizations (through contracts
and trade agreements), which serve as a way of transferring
research results to the industry. The group’s staff currently
consists of 21 people, 15 of whom work in the development, oper-
ation and maintenance of software products. As in the case of
previous company, there were no defined processes for software
development or project management. The organization took the
strategy proposed by COMPETISOFT as the reference for improv-
ing the development and project management processes, which
are critical due to the nature of its work. This organization con-
siders that software process improvement is important because
“if we know what we are doing, we can improve”.

It is important to highlight that these two small companies are
closely connected and have a strategic agreement to tackle certain
software projects together. Depending on their workload at a given
time, either of the two companies can request the development of

a software product from its partner through outsourcing.

The top management groups of both companies have commit-
ted to process improvement as the support for the organization as
well as for the systematic consolidation and growth of the com-
panies. Neither of the two companies has previous experience in
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oftware process improvement. However, at the present time it is
mportant for them to increase the capability level of their pro-
esses, in the quest to gain clarity, organization and tracking of the
rocesses involved in the development of their software products.
here is also the desire to improve their processes, thus offering
heir customers higher quality products and services. This led to the
ommencement of a process improvement cycle in both companies
ast year, with the support of an advisor in process improvement
rom the group of researchers in the COMPETISOFT project. For this
rst improvement cycle we suggested to these companies that they
hould incorporate some process related to the Profile 1 of the Pro-
ess reference model of COMPETISOFT, which includes: the Software
evelopment process – SD, the Software maintenance process – SM,
nd the Specific project administration process – SPA.

.2. Field procedure and data collection

The PfemCOMPETISOFT process (see Fig. 3) that we have pre-
ented in this paper, along with the PmCOMPETISOFT process
see Fig. 2), were the guidelines for both improvement initiatives.
rom these diagrams we can see that the procedure for carry-
ng out the field work is formed by one or more improvement
ycles. An improvement cycle consists of five activities: initiating
he cycle, diagnosing the process, formulating improvements, exe-
uting improvements and revising the cycle. In each improvement
ycle, one or more improvement iterations must be carried out for
he formulation and execution of the improvement opportunities
ncountered for the processes under intervention (processes to be
mproved). In this respect, we used PmCOMPETISOFT to conduct
he initiating, diagnosing and revising activities and PfemCOMPETI-
OFT to guide the formulating and executing activities. This implies
hat the procedures governing the field procedure of the case stud-
es and data collection plan are directly related to the activities,
oles and work products described in PmCOMPETISOFT and Pfem-
OMPETISOFT. The data collected are those included in the work
roducts, which are, as shown in Figs. 2 and 3: Improvement pro-
osal, General improvement plan (made up the assessment report
nd the preliminary improvement plan), Improvement implemen-
ation plan and Improvement report (made up the Improvement
teration reports). It is important to highlight that PfemCOMPETI-
OFT and PmCOMPETISOFT provide a self-contained template for
ach work product, to make its construction and use easier. Further-
ore, the data collected were stored by means of the use of these

elf-contained templates. At the end of the improvement cycle we
nterviewed the companies on their opinion of the results obtained
rom the improvement initiative.

A description of the execution of the field procedure and data
ollection is presented in the following sub-sections.

.2.1. Initiating the cycle
The initiation of the improvement cycle involved several steps.

he first one was the start-up of the improvement cycle. The COM-
ETISOFT advisor compiled all the necessary information about the
ompanies. The top management of both companies and the COM-
ETISOFT advisor signed a document called collaboration agreement
or process improvement, which guaranteed the agreement of all the
arties in the execution of the improvement cycle.

After that, the tasks for the creation of the improvement proposal
ere performed. In their initial meeting, both companies recog-
ized that their processes for developing software were chaotic.
iven that fact, the management improvement group decided to

stablish only the software development – SD – and specific project
dministration – SPA – processes within the scope of the improve-
ent cycle. The goal was to improve the practices of these processes

hemselves within the company by following the COMPETISOFT
trategy. Another quantitative goal consisted of increasing the
d Software 83 (2010) 1662–1677 1671

capability of the software development and specific project admin-
istration processes by one level. People were assigned to the
roles established by the improvement process. The management
improvement group of the organizations and the COMPETISOFT
advisor selected a person responsible for process improvement.
Finally, each company selected a pilot project through which to
incorporate the process improvements.

Finally, the improvement proposal was socialized into the
organization. The advisor and the person responsible for process
improvement presented the project through a cycle start-up meet-
ing with all the people involved in the pilot projects. The advisor
shared with them the work which was to take place during the
improvement cycle and obtained feedback about the employees’
expectations of the improvement project.

5.2.2. Diagnosing the process
The process diagnosis involved different tasks. First of all, the

tasks for the creation of the assessment report were performed. The
scope for this first improvement cycle includes an assessment of the
software development and specific project administration processes as
opposed to the second capability level of the assessment method
(Pino et al., 2010) of METvalCOMPETISOFT assessment methodology
(which is conformance with ISO/IEC 15504-2). The COMPETISOFT
advisor played the role of evaluator. The advisor assessed the pro-
cesses by applying the technique of evidence gathering: interviews
and surveys, using the information-gathering tools developed for
this purpose.

When all the above had been done, the advisor had a meet-
ing with another member, the person responsible for the software
development process of each company, in order to obtain each com-
pany’s activity diagram of the software development and specific
project administration processes (see Fig. 5) and to apply the assess-
ment tools. There was no meeting with the person responsible for
the specific project administration process, because both companies
expressed that they did not carry out any visible and formal activity
related to this process.

The software development and specific project administration pro-
cesses were assessed in the following process attributes: PA 1.1
Process performance, PA 2.1 Performance management, and PA 2.2
Work product management from the assessment method of MET-
valCOMPETISOFT (see Table 2). The assessment concluded that the
processes had a zero level of capability (incomplete process). That
is, the processes were not well implemented or did not attain their
goals, there was little evidence of any systematic achievement of
the goals of the process, and there were failures that limited or pre-
vented the fulfillment of the goals of the process. In addition, few
results or outputs were identified in the process.

The improvement opportunities of the processes evaluated
were reported and prioritized by using as a base the information
collected in this activity, together with the needs of the compa-
nies. Both companies decided to improve the software development
process first and then improve the specific project administration
process. For both companies the preliminary improvement plan was
defined, in which the number of improvement iterations that make
up the cycle of improvement was presented, together with the
order they need to be carried out in and the overall schedule.
This draft of the plan for the improvement cycle included three
iterations, two related to the software development process, and
another related to the specific project administration process. The
most important risks for the performing of the cycle of improve-
ment were determined and their corresponding management was

registered. Moreover, the training on SPI of the employees involved
in the improvement cycle was established. The advisor and the
person responsible for process improvement created the general
improvement plan with the assessment report and the preliminary
improvement plan.
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Fig. 5. Activity di

.2.3. Formulation improvements
For the formulation of the improvements of the software

evelopment and specific project administration processes, the man-
gement improvement group and process improvement group (made
p of the advisor and the responsible for process improvement)
f each company carried out various activities. The management

mprovement group reviewed and validated the draft of the pre-
iminary improvement plan. However, after taking the state of the
rocesses, the company’s needs, and the available resources into
ccount, the management improvement group decided that for the
pecific project administration process it would be sufficient to
mplant initial basic practices in the process. Therefore, for each
teration the process improvement group used the improvement
pportunities that had been found to make a mid-term plan and
esign the improvements incorporation for the software devel-
pment and specific project administration processes, which were
egistered in the improvements implementation plan.

During the first improvement iteration, which was related to
mproving the software development process, the strategies for
he improvement of this process were defined by the process
mprovement group. These strategies were also used in the next
mprovement iterations related to improving the specific project
dministration process. These strategies are: (i) the establishing
f an effective communication channel between the advisor and
he employees responsible for process improvement in the compa-
ies; (ii) continuous and rapid evaluation of the process following
n assessment process; (iii) basic measurement of the process

ctivities, through the measurement of the effort involved in the
ctivities established in the improvement project, both at the level
f the improvement process and at the level of the activities
erformed by the participants in the pilot projects; (iv) ongoing

earning, which trains the people involved in the project in pro-

able 2
apability of the organization’s processes.

Organization Process Process att

PA 1.1

SmallComp1 Software development 0.18 (P)
Specific project administration 0 (N)

SmallComp2 Software development 0.21 (P)
Specific project administration 0 (N)

alues of process attributes: F, fully achieved; L, largely achieved; P, partially achieved; N
for SmallComp2.

cess improvement. In addition to this training, there needs to be
joint work between the advisor and the responsible for process
improvement so that the latter can be better equipped for the task
of implanting an improvement process which will then carry on
working in the company on a continuous and permanent basis; and
(v) involvement of the company’s employees (responsible for pro-
cess or participants) in the definition of the software development
and specific project administration processes and the techniques and
document templates to be used in the activities specified for these
processes. The process improvement group then established the mid-
term planning of each improvement iteration, defining activities,
resources, and responsibilities which support the strategies pro-
posed previously.

As the capability level of the software development process is zero
(incomplete process), it was necessary to create a definition of this
process initially (the same thing happened with the specific project
administration process). To support the achievement of this goal, a
first improvement sprint, focusing on the definition of the process
(under intervention by each iteration) took place. By means of this
initial sprint, the process improvement group (team involved in the
carrying out of this sprint) indentified and assigned the improve-
ment tasks so as to create a draft design of the processes for each
company. This version of these processes was defined using the
activities and work products which satisfy the first level of the
COMPETISOFT process reference model. The process pattern estab-
lished by this process reference model was the basis for the process
definition. Each company had to use this new process in its pilot

improvement project.

5.2.4. Executing improvements
The processes defined in the previous activity were put into

practice within the company by means of the execution of new

ributes Capability level

PA 2.1 PA 2.2

0.04 (N) 0 (N) 0 (incomplete)
0 (N) 0 (N) 0 (incomplete)
0.10 (N) 0.10 (N) 0 (incomplete)
0 (N) 0 (N) 0 (incomplete)

, not achieved.
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Table 3
Intermediate development process assessment.

Organization Process Increase of capability of PA’s Capability level

PA 1.1 PA 2.1 PA 2.2

SmallComp1 Software development 0.69 (from P to F) 0.37 (from N to P) 0.48 (from N to P) 1 (performed)

N ment)
a

i
r
i
r
t
p
n
b
s
t
t
a
b
m
t
w
w
i

p
d
(
b
v
d
w
r
r
p
e
h
i
o
(
t
t
o
i
c
m
a
w
t
c
t
u
t
t
i
o

a
f
w
s
s

the responsible for process improvement and with one responsible for
process which was improved. From the point of view of the compa-
nies, we can highlight several important conclusions reached after
the completion of the first improvement cycle:

Table 4
Effort for the improvement cycle.

COMPETISOFT Company

Initiating
SmallComp1 1 Ps. × 4 h 1 Ps. × 4 h
SmallComp2 1 Ps. × 9 h 1 Ps. × 4 h

Diagnosing
SmallComp1 1 Ps. × 6 h 1 Ps. × 4.5 h
SmallComp2 1 Ps. × 19 h 1 Ps. × 4 h

Formulating
SmallComp1 1 Ps. × 1 h 1 Ps. × 0.5 h
SmallComp2 1 Ps. × 3 h 1 Ps. × 1 h

Executing
SmallComp1 1 Ps. × 0 h 1 Ps. × 24 h
SmallComp2 Software development 0.66 (from P to F)

, not achieved (0–15% achievement); P, partially achieved (>15% to 50% achieve
chievement).

mprovement sprints which pursued this goal. The work team
esponsible for carrying out these sprints was composed of the
ndividual responsible for process improvement and the persons
esponsible for processes under intervention. This team identified
he improvement tasks needed to put the defined process into
ractice within the company. The team self-organized the assig-
ation of these tasks between members. As we have pointed out
efore, the improvement tasks were only applied in pilot projects,
elected by the management improvement group of each organiza-
ion. Thus, these tasks were carried out in a controlled environment,
he complexity of their application was reduced and it affected only
small part of the company. Moreover, due to the close relationship
etween the two organizations, the responsible for process improve-
ent was the same for both of them. Although this person had basic

raining in quality management and process-based organization, he
as in constant contact with the COMPETISOFT advisor (through a
eekly virtual meeting) in order to report on the evolution of these

mprovement tasks and to solve any possible doubts.
An improvement sprint focusing on implementing the defined

rocess started in both organizations with an informative meeting
irected towards the employees participating in the pilot projects
responsible for process or participants). In this meeting, the responsi-
le for process improvement presented the assistants with a general
iew of the COMPETISOFT process reference model and a more
etailed view of the process under intervention in the sprint (soft-
are development or specific project administration process). The

esponsible for process improvement, along with the assistants, also
eviewed the goals of the improvement sprint, the activities com-
leted up until that point, project milestones, way of working,
tc. From this time on, the responsible for process improvement
ad at least one weekly meeting with each team, to work on the

mprovement tasks. In the first meeting associated with this type
f improvement sprint, the definition of the corresponding draft
or latest version) process was presented to the participants, and
he process was enriched and refined by following the sugges-
ions of the employees involved in the improvements, thereby
btaining the approved final version of the process. The employees
nvolved in the pilot improvement project used this new pro-
ess in their daily activities. During the following meetings (to
anage problems and conduct sprint) the participants discussed

nd clarified how to carry out each process activity and doubts
ere resolved. Furthermore, they worked together to create the

emplates for the documents produced in each activity of these pro-
esses (for example for the software development process, along with
he project plan, requirements specification, system specification,
ser manual, operation manual, etc.). As well as all that, the par-
icipants updated the plan for the work of the improvement sprint
hat remained unresolved. In addition the responsible for process
mprovement updated the state and priority of the improvement
pportunities in the general improvement plan.

The joint work of the person responsible for process improvement

nd the members of each team, their active participation, and the
act that they could make decisions with the advice of this person
ere key points in the execution and success of the improvement

prints and iterations. Upon the completion of each improvement
print, a meeting took place with the participating employees, to
0.31 (from N to P) 0.38 (from N to P) 1 (performed)

; L, largely achieved (>50% to 85% achievement); F, fully achieved (>85% to 100%

discover their opinions of, and suggestions about, the good and bad
aspects of the improvement sprint and iteration current and how
they viewed the implementation and use of the new processes in
the pilot project. Moreover, the institutionalization strategy for the
new processes was that these should be used in all of the organi-
zation’s new projects from that moment onwards.

5.2.5. Cycle revision
Twelve weeks after the commencement of the improvement

cycle, the advisor carried out a new assessment of the develop-
ment process (only in the pilot projects) in both organizations. As
we can see in the results shown in Table 3, this process increased
its capability to level one. Furthermore, the improvement reports
generated for each organization show that base practices of the
specific project administration process were implanted in both orga-
nizations. The implantation of these practices allowed the value of
process attributes of this process to be increased.

A specific self-contained template was developed for each work
product, to make its construction easier. An important item in these
templates is to register the effort. By doing this, the effort of carrying
out the tasks associated with each activity related to say products
was registered in each of the work products. Table 4 shows the
effort devoted to each activity of the improvement cycle.

The table shows that the time devoted by the COMPETISOFT
advisor to SmallComp1 is zero in the activity of improvement exe-
cution. This is because the time the COMPETISOFT advisor devoted
during the execution phase corresponds with the weekly meetings
with the responsible for process improvement, which were the same
for both organizations.

On the other hand, we asked companies about the improvement
initiative, by means of an unstructured interview carried out with
SmallComp2 1 Ps. × 5 h 1 Ps. × 30 h

Revising
SmallComp1 1 Ps. × 4 h 1 Ps. × 6 h
SmallComp2 1 Ps. × 5 h 1 Ps. × 8 h

Ps. = person; h = hours.
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The application of COMPETISOFT and specifically the approach
offered by PmCOMPETISOFT and the Lightweight process to incor-
porate improvements in driving the process improvement allowed
both organizations to obtain an important and rapid improve-
ment in two of the key processes for them: software development
and specific project administration.
Obtaining good results in relatively short periods was an impor-
tant aspect for the motivation and involvement of the participants
in a project like this. Seeing such rapid results and their direct
participation caused the employees to realize the possibilities of
process improvement in general, and COMPETISOFT in particu-
lar, despite the initial reticence that these projects might have
caused.
Applying the improvements in pilot projects significantly
reduced the resources needed and the risk associated with the
implementation of improvements in key processes of the com-
panies.
At the end of the first cycle of improvement, both organizations
had moved from a chaotic and unpredictable software process
to a tangible one, which is currently being used on development
projects. Both the management and the employees of the compa-
nies have seen the benefits of this result and, most importantly,
they have realized the need to maintain continuous and ongoing
improvement, following the same approach as in this first cycle.

.3. Analysis and discussion

In this section, we highlight the most relevant aspects of this
rst application of the proposed PfemCOMPETISOFT process in the
wo case studies by means of a qualitative data analysis. By means
f this analysis we try to derive results and conclusions from the
vidence given by the data collected.

In both companies the management group is committed to the
mprovement project, since they have realized that, in order to grow
nd to do better, the company needs to be managed through the
trategy of process improvement, from the execution of the soft-
are development process to the software process management. At

he commencement of the improvement cycle, the software devel-
pment process was chaotic, as can be deduced from Table 2 in
hich the capability level of the processes assessed in both com-
anies is zero. This makes it clear that there is no visibility in the
rocesses of these companies, which signifies that the software
evelopment has a far greater dependence upon people rather than
pon processes. For example, as we can see in Fig. 5, the only visi-
le product of the SmallComp2 is the software product. In addition,
here is no possibility of traceability of this software product, with
he problems that this implies.

To implant the improved processes, and in an effort to increase
heir capability, strategies with which to tackle the skepticism and
esistance to change on the part of the development group had to be
onsidered. Those attitudes are innate to this type of improvement
roject, but it is plain that developers must feel confident about the
ay in which they are working. One strategy for addressing this risk

s the formation of group development in process improvement,
mphasizing the advantages that can lead to conducting the daily
ork with processes which incorporate better practices. Another

s to foster the group’s implication in the improvement project
n such a way as to support and contribute to the definition and
mplementation of the processes to be improved, thus causing the
mprovement to be bottom-up.

We have used the Scrum agile method satisfactorily to estab-

ish improvement strategies through the definition and application
f the Lightweight process to incorporate improvements. In the case
tudies carried out, the Scrum agile method was used to define
nd implant processes in the two small organizations, by means
f the proposed lightweight process. Through this new lightweight
d Software 83 (2010) 1662–1677

process that had been developed, the improvement iterations and
sprints were used to strengthen the work and collaboration of the
employees taking part in these iterations, in the quest to generate
early and ongoing achievement of improvements in both processes.
Furthermore, in both organizations PfemCOMPETISOFT allowed us
to include all those who were involved in an improvement iteration
in the work carried out to incorporate the improvement oppor-
tunities within the processes under intervention and with which
they have some relationship. To be specific, we have used Scrum in
our lightweight process to support the definition and putting into
practice of processes within small organizations. After carrying out
PfemCOMPETISOFT, the desired product is a process with a higher
capability level and this is put into practice. This capability increase
is given by incorporating best practices (from a process reference
model) on the definition of the process and its implantation.

On the other hand, PmCOMPETISOFT describes the activities of
formulating and executing improvement prescriptively. However,
from the application of PfemCOMPETISOFT we observed that this
process has allowed us to give more flexibility to the team involved
in the improvement iteration during the carrying out of these activ-
ities. This flexibility is supported by all elements of Scrum that
have been adapted and included in lightweight process, but espe-
cially by the improvement sprint, since some sprints should seek
to define processes and others to implement these processes. The
first sprint must have as its goal to define an initial process version
in order to create a work product upon which the improvement
team can work in the following sprints. In PfemCOMPETISOFT the
boundary between formulating and executing is not clearly traced;
it is more that an improvement sprint can identify activities to
refine and extend the definition of the process and also put it in
practice. The scope of an improvement sprint depends on the com-
plexity of the improvement opportunities and cases to be tackled
in the improvement iteration. In this sense, from case studies we
observed that the goal of the activity for formulating improvement
(to define the improvement) was satisfied by means of the exe-
cution of an early improvement sprint with this aim. Similarly, the
goal of the executing improvement activity (to put the defined pro-
cess into practice within the company) was achieved through the
improvement sprints that followed, which focused on this goal.

We could add that, according to Komo-Sirviö (2004) one of
the activities which is critical to the success of an improvement
process is that of carrying out (implementing and monitoring) a
specific improvement plan. Basing our opinion upon the applica-
tion of PfemCOMPETISOFT, as well as from results obtained from
the case studies, we consider that using Scrum to manage the imple-
mentation of improvements in small businesses is a suitable way
to support this success factor. It was also appropriate for the mon-
itoring and supervision of the SPI project.

Although the whole idea of Scrum (and not of just a few ele-
ments) pursues self-management, we have tried to analyze how
some of Scrum’s elements are related both to some of the early
principles defined to PmCOMPETISOFT and to some success factors
involved in process improvement in small businesses (see Table 5).
The relationship shown in this table is based on our subjective
analysis of the description of Scrum’s elements and their stronger
connection with some of these principles and success factors. For
example, even though the whole of Scrum supports a rapid invest-
ment return, we believe that the sprint concept, which allows the
creation of increments of the improved process in the short-term,
is more directly related to this success factor.

As seen from the table, Scrum has a relationship with the vast

majority of principles and factors considered. Factors and princi-
ples related to: (i) early and ongoing achievement of improvement
and learning, and (ii) effective participation, collaboration and com-
munication of employees in the improvement project are strongly
supported. We have not related any element of Scrum with the
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Table 5
Relationship between practices of Scrum and SPI’ success factors.

Scrum’s elements

Product
backlog

Release planning
meeting

Sprint Sprint planning
meeting

Sprint
backlog

Scrum
meeting

Sprint
review

Sprint
retrospective

PmCOMPETISOFT’s principles
Early and ongoing achievement

of improvements
X X X X X X X X

Continuous and rapid process
diagnosis

Elemental process
measurement

X X

Effective group collaboration
and communication

X X X X X X

Continuous learning X X X X X X

Success factors of SPI
Attainment of a rapid

investment return
X

Definition of feasible SPI
objectives with the available
resources

X X X X

Participation of employees in
SPI (button-up)

X X X X X X X

Suitable communication X X X X X X
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weeks, then the average effort for each of the companies was
approximately 6 h per week (taking into account the advisor’s
and the company’s time). We propose that one person should be
assigned to the responsibility for process improvement for a quarter
between SPI participants
SPI should be based upon

learning, not upon control
X X

rinciple of process diagnosis, because this principle involves car-
ying out a rapid software process assessment by following a
ocus on reviewing the process capability. The component of our
mprovement framework that gives support to this principle is MET-
alCOMPETISOFT assessment methodology.

In addition, as can be seen in Table 4, the execution of improve-
ents is the direct responsibility of the organization’s employees,

nd the advisor’s effort in this is minimal. The fact of having used
crum through the proposed lightweight process to guide the activ-
ties of formulation and execution of the improvements has been a
etermining factor in the success of the improvement cycle, since

ts management practices allowed the person responsible for pro-
ess improvement to involve the employees who participated, giving
hem an active part in the process improvement, thus generating
mprovements (define the process and its implementation) in a
hort amount of time. Communication (usually informal) took place
etween the responsible for process improvement and the partici-
ating employees in the improvement iterations, through which
roblems were quickly resolved and decisions were made rapidly,
hus allowing to continue the implementation of improvement
ases. On top of all this, it offered the employees who took part
exibility in the incorporation into the processes (under interven-
ion) of the improvement opportunities through the iterations. The
exibility which the Lightweight process to incorporate improve-
ents provided for the responsible for process improvement and the

mployees participating in the improvement project is seen in two
spects: first of all in who built the improvements and secondly in
hat they chose to work on and in what order.

On the other hand, Table 4 shows the effort involved in the
mprovement cycle following PmCOMPETISOFT and the Lightweight
rocess to incorporate improvements by both organizations. The total
ffort for SmallComp1 was 54 h (h), of which 28% (15 h) corresponds
o the advisor and 72% (39 h) corresponds to the company. For
mallComp2 the total effort was 88 h, 46% (41 h) of which corre-
ponds to the advisor and 54% (47 h) corresponds to the company.

ote that the effort involved on the part of the companies in the
erformance of the activities of the improvement cycle is similar
39 and 47 h, respectively). However, the effort of the COMPETI-
OFT advisor is greater (almost triple) in the case of SmallComp2.
his is because the gathering and analysis of information relating
X X X X

to the activities of initiating, diagnosing and formulating were per-
formed first for this organization, and then for SmallComp1. That
is, this effort is related to the learning and experience acquired by
the advisor in the tasks and products that had to be carried out for
the carrying out of the improvement process activities.

It could be said that the effort related to SmallComp2 corre-
sponds to a company which was inexperienced in improvement (it
was carrying out an improvement cycle for the first time), and that
the effort related to SmallComp1 corresponds to the execution of
an improvement cycle in a company which was already familiar
with PmCOMPETISOFT and the Lightweight process to incorporate
improvements. Fig. 6 shows the distribution and tendency of the
effort involved on the part of the advisor and of the companies in
each of the activities carried out in the two case studies. This fig-
ure shows that the greatest effort in the improvement cycle was
in the final activities of the process (executing and reviewing), and
that this effort falls back upon the organizations. This demonstrates
the importance of offering agile strategies for the management
and realization of this work. We can also note that the advisor’s
participation in the initial activities was of a high level (initiating,
diagnosing and formulating).

If we bear in mind that the first improvement cycle lasted 12
Fig. 6. Distribution and tendency of effort in the case studies.
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f their time, which is a load that we consider can be borne suf-
ciently by small businesses. If we bear this aspect in mind then
he processes proposed and described in this paper are better fit-
ed to the characteristics of small organizations. This is because it
s not necessary for them to employ a person who carries out the
mprovement initiatives on a full-time basis, as is the case in Casey
nd Richardson (2004) and Kautz et al. (2000) in which the IDEAL
odel is applied to small and medium organizations. Furthermore,

hese studies highlight the importance of the Management steering
roup in the IDEAL model as a success factor in process improve-
ent. In our proposed processes this aspect corresponds to the
anagement improvement group.

The results of the improvement cycles in both companies were
valuated through unstructured interviews to the main stakehold-
rs. These interviews revealed that SmallComp1 was satisfied with
he result of the improvement cycle, since having a visible and
xplicitly defined process for software development and project
anagement permitted the company to attend the demands of
ore customers, and to extend the staff. SmallComp1 particularly

ppreciated the approach of working with small improvement
teps with a tangible short-term reward. The program established
he base for process improvement, and Company1 is currently
nhancing its processes to be CMMI level 2 compliant. Regarding
mallComp2, the improvement cycle permitted to this organization
o have a better insight and control on the software development
nd project management processes. As in the case of SmallComp1,
he organization particularly appreciated the approach of working
ith small improvement steps with short-term reward.

It is important to highlight that in the first improvement cycles,
he COMPETISOFT advisor worked closely with the person respon-
ible for process improvement in each company, and they were thus
ble to acquire training and experience in process improvement.
he first improvement cycles and the improved processes estab-
ished the basic infrastructure with which to support the process
or incorporating improvements, along with software processes

anagement, paving the way towards the objective of becoming
ngoing and continuous processes in the small companies. In this
ense is important to underline the work that SmallComp1 has
tarted in order to achieve a formal assessment at CMMI level 2.

The case studies carried out and presented in this paper have
ome limits: (i) the observations and conclusions presented are
ased on two case studies, which can limit the power of generaliza-
ion, and (ii) the bias of the case studies, because the development
f daily activities by employees may proceed differently precisely
ecause they are being observed.

. Conclusions and future work

In this work, an approach that focuses on agile manage-
ent such as Scrum has been integrated into a process which

ets out to guide the process improvement in small compa-
ies. The result has been the Lightweight process to incorporate

mprovements (PfemCOMPETISOFT), which defines in detail the ele-
ents needed to guide the activities of formulating and executing

mprovements (improvement iteration) in a small organization.
femCOMPETISOFT extends the improvement iteration of our pri-
ary PmCOMPETISOFT process with ideas drawn from the Scrum
ethod. This proposal is integrated into PmCOMPETISOFT process,

he goal being to form a comprehensive package for the teams
n charge of improvement formulation and execution in a small

rganization. That is possible thanks to the fact that the Scrum
gile method provides a project management framework and that
he proposed processes supply suitable improvement practices.
ur proposal also attempts to make it possible to establish pro-
ess improvement with a minimum of expense, that is, with few
d Software 83 (2010) 1662–1677

resources and in a short time. We have also presented how this
process has been set up in two small organizations by means of an
improvement project.

The description of the case studies undertaken and the analysis
carried out gives evidence that the Lightweight process to incorporate
improvements is useful and practical for driving the formulation and
execution of improvements in small software enterprises. This evi-
dence is related to the increase of the capability of the processes to
be improved, the effort of applying the proposed process, the joint
work done between the person responsible for improvement process
and the person responsible for process or participant in implement-
ing improvement opportunities, and the benefits described by the
companies. Thus the results in terms of: the final process capabil-
ity obtained, the effort, the benefits and the internal organization
of improvement work, are an indicator that the Lightweight process
to incorporate improvements enables small companies to involve
their employees in the execution of the improvement activities for
incorporating the improvement opportunities in their processes,
investing a effort that is suitable for this type of company.

The application of Scrum as support to the carrying out of for-
mulation and execution activities was significant for the success of
the improvement iterations and consequently of the improvement
cycle in the organizations. Notice that none of the companies had
staffs who were experts in process improvement. A first advantage
of this approach is that the effort needed to manage and carry out
the improvement tasks was appropriate to the resources of both
companies. Perhaps the most important consequence of applying
Scrum is that the improvement opportunities were incorporated in
a more comfortable way than by following a rigid and prescriptive
process. Following this approach, the improvement happened in a
more “natural” way for all employees involved (from programmers
to managers), making any initial reticence disappear.

Although this process has been designed and developed to sup-
port the activities of formulating and executing improvements of
PmCOMPETISOFT, this can also be used independently, provided
that there is an input work product, which describes a set of pro-
cess improvement opportunities, along with their prioritization.
Furthermore, the process ensures that the improvement process
keeps on working within the company, so promoting continuous
process improvement.

Given that the results of the case studies are encouraging, new
improvement cycles are planned for the two organizations, taking
into account the aspects discovered in the first cycles. We shall
also monitor the setting up of the Improvement framework in the
software process improvement projects that are being carried out
by Latin American companies involved in COMPETISOFT. Our goal is
to obtain feedback from a representative set of case studies that can
be used to refine and improve the Lightweight process to incorporate
improvements and the rest of the components of the Improvement
framework of COMPETISOFT.
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