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Abstract

Software Process Improvement (SPI) is one of the
main software development challenges. However, SPI
standards and models (CMMI, SPICE) have not been
always adopted with success. The current problem is a
lack of strategy to implement successfully these
standards and models. To undertake this objective is
essential observe real life experiences and detect
process and project mutual relationships. Without this
alignment it will not be possible to find out how process
management is really important to achieve
organization’s strategic objectives. This paper proposes
a methodology that allows the definition, evaluation and
improvement of an organization software development
process. This proposal, called a Process and Project
Alignment  Methodology (ProPAM), allows the
specification of an organization development process, as
well process and project alignment. ProPAM presents
the following life cycle: (1) process definition; (2)
project definition considering a base process model; (3)
project coordination and monitoring and (4) process
improvement assessment. This paper also provides an
overview of the action plan to be taken within the
software organizations that intent to conduct a SPI

initiative. This plan includes two distinct phases: (1)
specify the development process and (2) analyze
projects, starting an SPI effort. In order to evaluate
ProPAM, a study case is undertaken. The case study is
performed following the action plan and presents all the
steps of the ProPAM. Final results show that, when the
organization started using ProPAM, process and project
alignment reduced project planning time and effort.
ProPAM also introduced new organizational practices
that result in a SPI program.

Keywords: Software Process
Management, Meta-models

Improvement, Project

1. INTRODUCTION

Organizational software process improvement (SPI)
is a challenge to organizations to continually improve
the quality and productivity of software and to keep up
their competitiveness [1]. However, there has been
limited success for many SPI efforts. Recent reports
concluded that 70% of organizations attempting to adopt
the CMM (Capability Maturity Model) failed in
achieving the intended goals[2].

Although organizations try to define their process
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improvement program and get a certification in
traditional SPI approaches (e.g. CMM [3], CMMI [4],
SPICE [5], and Bootstrap [6]), there is a consensus that
software development environments are changing
constantly and team members have no obligation to
sustain original SPI activities in face of difficulties. The
agile software development manifesto contains a
principle that supports thisidea: “at regular intervals, the
team reflects on how to become more effective, then
tunes and adjusts its behavior accordingly” [7]. SPI
involves a series of small steps, where each change has
to be introduced in the habits of the team members.
Although all groups involved in a SPI initiative are
important, project team members are the most important
because they actually execute the process (project) and
they are the central sources of input for a SPI program
[8]. Project team members have an important role in
planning, implementing and adapting process activities
through a project.

Process modeling community in general base the
research work on the assumption that an explicit process
representation is the starting point for process
understanding, improvement and communication [9].
Other research communities, like the ones that study
computer supported co-operative work (CSCW), argue
that software development is a creative work with strong
co-operation aspects and does not benefit from static
process descriptions. So, process information must be
combined dynamically with project specific information
to create a detailed plan that includes information from
all process disciplines with cost, schedule and quality
requirements. Since project management is the
discipline that controls and monitors deviations from the
original project plan and also controls al of the activities
from other process disciplines, it is the best way to
detect changes in the project that can improve the
process. Considering the dependency between project
plan and process elements, new SPI approaches have to
consider process and project alignment and iterative SPI
performed by project team members. Process and project
alignment is defined as the degree to which the project
goals and plans support and are supported by the process
practices. Moreover, it involves a real match between
process practices and projects activities, products and
actors. However, several modifications in a project can
cause misalignments with the development process.
These modifications can be management innovations or
changes in the way the activities are executed.
Furthermore, a modification may regard not only the
considered activity, product or actor but it can also affect
other elements having a dependence relation with the
modified one.

Most recent trends show that the software process
community is ready to accept many process modeling
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languages and also agree that graphica process
modeling would help to alleviate process modeling for
non language experts. At same time, we aso observe
more emphasis on researches about SPI issues. Despite
the great progress observed on software process
research, process research has not had as much impact as
expected on actual industrial software process enactment
(also known as project) based on software process and
further process improvement. Since software processes
are  human-centered requiring interaction and
cooperation, process modeling must also focus on
interacting behaviors among actors, including the
variety, uncertainty and creativity of the actors involved.
Considering these foundations, project must not be seen
as a simple instance of a development process. Every
project has unique characteristics and requirements that
extend the knowledge process, process practices can
only be used as a guide to create project plans. On the
other hand, projects can help in ensuring process
improvement once they are aligned with a base process.

The contribution of this paper is to define not only
the process, but also to propose a mechanism to process
evolution based on the changing needs of the
development organization. This paper proposes a
methodology - Process and Project Alignment
Methodology (ProPAM) - based on process and project
alignment to be applied during SPI projects for detecting
misalignment between projects and supporting processes
and identifying the process elements to be changed for
restoring the alignment.

This paper is organized in the following sections.
Section 2 discusses literature on software process
modeling, process and project management alignment
and traditional and agile approaches to SPI. Section 3
sketches architecture of the proposed framework to
support process and project alignment in iterative
(traditional and agile) SPI approaches. Section 4
presents the action plan presented to the enterprises to
perform work join work. Section 5 describes our case
study. Finally, Section 6 presents conclusions and future
work.

2. RELATED WORK

Current research on software development processes
intends to define the process elements that constitute
good practices, leaving implementation and enactment
of the process to organizations. Some of these
approaches include CMM [3], CMMI [4], SPICE [5] and
Bootstrap [6]. However, these models are very
descriptive in the sense that they explain essentia
attributes that would be expected to characterize an
organization at a particular maturity level, but they don’t
specify neither how to improve nor the specific means to
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get into a particular maturity level. But, as discussed by
the research community, also important is the way
processes evolve with the changing needs of the
development organization. In addition, projects must
adopt the process with some level of detail for the
organization. Process modeling techniques are useful in
defining the process, especially in the upper levels of
maturity models like CMMI. Curtis, Kellner and Over
discussed some approaches using process modeling to
support  process improvement, software project
management and Process-centered software engineering
environments (PCSEEsS) [10].

The Software Process Management System (SPMS)
development identified and addressed the need for
process models to be reusable, to support multiple
views, to recognize process, product and human
interactions to support process changes during
development projects, and to support historical
recording of the process over long periods of time [11].
In the domain of change management, the Problem
Tracking System (PTS) is used to track errors and
manage change request for the WIS
(Wohnungswirtschaftliche Information System), a
system build in a process oriented way to support al
business processes from the area of house constructing
and administration [9]. The Endeavors system is a
flexible environment that allows users to create and
evolve processes while a project is in progress [12].
Although Endeavors supports most of the features in
process definition languages and modification of the
process, some problems arise about process coordination
and can lead to chaotic and disorganized development
processes. The BORE tool and methodology extends the
experience factory concept [13] through rule-based
process tailoring, support for process modeling and
enactment and case-based organizational learning
facilities [14]. The AHEAD system also supports the
management and modeling of development processes
and provides an integrated set of tools for evolving both
process definitions and projects [15]. In AHEAD,
process evolved in terms of packages, which serve as
units of version.

In [16] the authors concluded that a flexible as well
as active, intelligent, adaptive and orchestrated
groupware that manages concurrent access to shared
work spaces is a desirable goa for future software
process management systems. Collaborative
environments are important for effective SPl but
workshops are essential to a faster dissemination of
process practices. Traditiona SPI methods and
approaches are based on final projects retrospectives
[17]. Since this work is performed in finished projects,
the any project improvement can only be applied in
future projects. There is a long time span between the

problem identification and the validation of the new
process. The improvement opportunities resulting from
projects must be analyzed, controlled and validated prior
to being disseminated in the organization practices. In
agile principles [7], the project has reflections meetings
in regular intervals. Cockburn proposes a reflection
workshop technique [18], Dingsgyr and Hanssen has a
workshop technique called postmortem review [19],
whereas Salo and Abrahamsson discuss a Post Iteration
Workshop (PIW) method [20].

3. PROPAM

Our investigation work proposes a methodology that
allows the definition, evaluation and improvement of an
organization software development process. This
proposal, called a Process and Project Alignment
Methodology (ProPAM), alows a general vision on the
current state of an organization development process, as
well project alignment with the devel opment process.

Process and project alignment gives project team
members more productivity, especially in project
planning phase. Although process and project are
different, they can be integrated as they are related and
share some concepts [21]. By aligning the process and
the project, the project will be performed based on a
specific process. Additionally, keeping track on project
execution, it is possible to detect changes in the project
and propose improvements to the process considering
these updates.

ProPAM is based in a modeling approach since
process and project modeling should be supported on a
very high level of abstraction. The proposed architecture
identifies and interrelate the concepts necessary to
provide SPI based on process and project management
issues. This section describes the components features
essential to process and project alignment. Process and
project alignment formalization has four components:

e Process modeling allows an easy way to
graphically construct a process,

e« The project modeding (based on a process)
provides the necessary coordination facilities for
process and project alignment;

e Project control and monitor alows observing
changes in the project that are candidates to SPI.
As complement, process versioning alows to
create process versions based on the proposed
improvement to process,

* Process assessment allows evaluating the benefits
from process improvements.

The methodology is based on the four layered
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architecture of modeling as defined by Object
Management Group (OMG). In the level M2, Software
Process Engineering Meta-model (SPEM) is an OMG
standard for “process specification, without specific
models or constraints for any specific area or discipline,
such as project management or analysis’ [21]. The
actual processes enactment, that is, project planning and
executing (level MQ), isn't in the scope of the SPEM.
Considering that our goal is an iterative SPI approach
with an emphasis on process and project management,
SPEM isn't the right metamodel approach to the
proposed methodology. SPEM also address some
concepts that are not essential in a project management
perspective. A simplified meta-model with extension
mechanism to integrate specific project management
issues must be considered.

The next four subsections present the features of the
four components of the ProPAM.

3.1. PROCESSDEFINITION COMPONENT

A meta-model defines a language for describing a
specific domain of interest. A process meta-model
provides a set of generic concepts to describe any
process, defined in the next level (M1) of the layered
architecture [21]. ProjectlT Process Meta-model (PIT-
ProcessM) architecture defines the classes that
correspond to elementary process concepts, alowing
process creation or modification [22]. Two
complementary views show those static and dynamic
process elements. In the static view are represented the
concepts related to process Disciplines, like
WorkProducts, Activities and Roles. Dynamic view of
the metamodel is about how a process lifecycle is

organized, e.g., phases and iterations. Process patterns
that are associated to different moments of a process
should be considered in a temporal scale. Additionally,
al the process elements should be associated to a
particular moment of a process lifecycle. An interface
between this views is made by the class
Activity lteration, where are specified the Activities that
belongsto an Iteration.

Process definitions are created as instances of PIT-
ProcessM. Figure 1 presents the PIT-ProcessM
architecture.

Static View. An Activity represents the work
performed by a Role. But an Activity can be decomposed
in small work units, also caled Activities to unlimited
deep of nested work. This concept is represented by the
reflexive composed by aggregation. Control and data
flow between Activities is defined by the reflexive
preceded by association. Activities produce and consume
WorkProducts, which can also be formed by a set of
small WorkProducts. Each WorkProduct is identified by
a WorkProductKind, e. g., a document, a model, a
source code, and so on. Activities are organized
according to acommon “theme” in Disciplines.

Dynamic View. The dynamic view identifies how
process can be managed in terms of Phases and
Iterations. Phases are defined with the additiona
constraint of sequentiality, with a series of milestones
spread over time and often assume minimal overlap of
their activities in time. Each Phase include some
Iterations, which are activities flows but with small
goals.

Dynamic View
organized Process
Phase 1%
structured
has 1.* Static View
Discipline orkProductKind
L orchestrized 1
type of
Iteration 1.* *
has 1. produce * * has
* / * Activit
1. p 1. y 1% consume . | WorkProduct

L . preceded by
Activity_lteration

* *
1> u 1.x <L‘composed by 1>

developed
1

responsible

Role

Figure 1: Projectl T Process Meta-model (PIT-ProcessM)
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Figure 2: ProjectI T Project Model (PIT-ProjectM)

3.2. PROJECT DEFINITION COMPONENT

The second component (project definition
considering a base process model) is essential to begin
the project and consists in the project plan definition. A
project is instantiated from a process, where a process
represents reusable process practices at an abstract level.
But in real world projects (level MO of the layered
architecture), multiple projects share the same process
and are differentiated based on their specific elements,
e.g. persons and the resulting relationships. Considering
this differences and process and project alignment
carried out in this phase, our approach includes a
Projectl T Project Meta-model (PIT-ProjectM) to support
this dependency [22].

A project specification is based on the initial process
definition model. Projects are frequently divided into
more manageable components or subprojects, although
the individual subprojects can be referred by themselves
as projects and managed as such. Projects have
associated specific information on Phases, Iterations,
Activities, Roles and Workproducts.

In a modeling perspective (figure 2) the differences
between PIT-ProjectM and PIT-ProcessM met models
are in the following classes: (1) ActivitylterationProject,
which defines the Activities to perform in each Iteration;
(2) Person, team members; (3) PersonRoleProject that
defines the association between Persons and project
Roles. Associations between the classes Person,
WorkProductProject and ActivitylterationProject allow
each person to visualize its responsibilities (activities
and products), and verify relations to other persons
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work.

Team members can manage their time, place
priorities in their activities, made decisions supported by
data. Project manager has a global vision of project
performance, being able to observe details in Activities,
Iterations and team performance.

3.3. PROJECT COORDINATION MONITORING

COMPONENT

The third component consists in project monitoring
and control. Updates and extensions to the initial project
plan will be registered, aways considering a based
process model. Although most project elements
(ActivityProject, WorkProductProject, RoleProject, etc)
are an instance of process elements (Activity,
WorkProduct, Role, etc), project team members have the
liberty to create ActivityProject and
WorkProductsProject specific to a project. These
changes are detected through the SPI actions performed
by the process group, described later (subsection 3.3.2).
Process improvement requires a process group capable
of integrating new practices, adopted by project team
members, into the current project. When a new process
or new version is introduced, a validation phase is
needed for monitoring their fitness and performance in
the whole process. Thus, SPI actions subsume two
problems: (1) process modification and (2) ensuring that
projects and base process remain aligned with each
other.

AND

The project monitoring and control component is
composed by two different subcomponents. The first one
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(Project Iterations) is about getting knowledge through
project change candidates to improve the process and is
repeated in al project iterations and phases. The second
subcomponent (Process Versioning) subsumes that
changes are accepted and that it is necessary to keep
historical information about several process versions.

3.3.1. PROJECT ITERATIONS

The proposed SPI method is developed in two
iterations. (1) detect new improvements and create a
new process version; (2) test and validate the temporary
process version in the next iteration of the project and, in
case of success, continue applying it in future iterations.
The SPI method is devel oped throughout all iterations of
the projects, but the improvements follow a pattern that
is performed across two iterations (figure 3). The groups
involved in SPlI consist of the software development
team, project manager and the process group. If
necessary, at the end of iterations, aworkshop is realized
to review the changes proposed by team members and
also to process group notify about changes integrated in
the process.

First Iteration: In thefirst iteration, the project team
must perform their daily work and detect situations that
conduce to new practices in the project lifecycle. The
data collected includes positive and negative aspects
found by project team. The project manager has an
important contribution in controlling the changes. At the
end of this iteration, al change candidates to improve
the process are analyzed by the process group and if
necessary a workshop is performed to get more
knowledge and present the improved process (new

Iteration m

Process
Cresation

Process level

Project level

Project
Definition

Project
Changes

~_ -y

Iteration 1 tom-1

{Transient

Generation of

Detection of

Validation of

process version).

Second Iteration: In the second iteration, team
members get some feedback about the new practices and
make notes to inform the process group. All this work
will be under control of the process group. The project
manager has to observe if team members are following
the new proposed process. In the end of thisiteration, all
the groups evaluate the work performed and decide if
the process version is accepted. In case of success, the
new process version is confirmed and the SPI method
starts again. In case of failure, some new improvements
may have been detected. The new version will be
updated and the evaluation work performed in the
second iteration is repeated.

3.3.2. PROCESSVERSIONING

As proposed by agile methods, SPl must be an
iterative initiative along project time. Our proposal
includes a workshop, when a dedicated member (process
group) detects changes in project best practices that are
considered as candidate improvements to the process.
The basic idea of the proposed methodology is not to
update process in place, but to version them. When a
new process is created, this is considered the creation of
a first version (root version). New versions are derived
from existing ones by applying one or more
modification operations to the based process version.
However, as we will see, versions are created in an
incremental way. Therefore, we will use the concept of
versions states as used by [23], three states are
distinguished: transient, released and obsol ete.

Iteration m+1

Process

Process
Acceptence

Testing the
process within
the project

Iteration m+2ton

practices

Figure 3: Process and project alignment
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Figure 4: PIT-ProcessM Versioning

When aroot version is created, it isin transient state.
In this state, a version can be updated or deleted. In
order to prevent invalid processes, when a version isin
state transient is not alowed: (1) to create descendants
versions; (2) to create projects based on that version; (3)
have more than one project based on that process
version and (4) the version be referenced by other
version. A process version in state transient can has only
one instance if the process improvement results from a
project change. The project must also pass to a different
state (transient state), when the project is associated
with a SPI evaluation. Therefore, projects can also have
associated states: normal and transient.

Finally, when a version is accepted is state is
changed to released. In areleased state, the version can't
be deleted or updated, but all the other operations are
allowed. When a released version has to be modified is
state can be changed to transient, but only in specia
conditions (no descendents versions, no projects are
based on it and is not referenced by other versions). If a
version becomes unused is state is changed to obsolete
and no new project can be based on it. An obsolete
version can be deleted if the version has no descendents,
has no derived projects and isn’t referenced by other
versions. But first has to change to transient state and
then the version can be deleted.
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This section presents some details about extensions
to PIT-ProcessM in order to support process versioning.
Figure 4 presents the main constructs of the extended
metamodel. A process class includes an unique
identifier (process name) and a process version tree. A
process version defines a version number and it is either
in state transient, released or obsolete. A process
comprises one or more process versions that can be
derived from another process version by applying one or
more modification operations. The diagram illustrates
the relationships between a process and its versions. The
PIT-ProcessM was updated to include the modifications
operations applied to a process in creating a new
version. In the meta-model, original elements from PIT-
ProcessM like Phase, Iteration, Discipline, Activity,
Role and WorkProduct are replaced by its versions
classes. The associations represented in PIT-ProcessM
between these elements are now performed at version
level. This means that associations are between two
versions elements. The elements are represented by an
association with an element version, since each element
isused in one or more process versions.

3.4. PROCESSIMPROVEMENT ASSESSMENT

In the final phase (process improvement assessment),
progress is evaluated through all process life cycle,
specifying a set of improvements that can determine the
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process improvement itself. In the end of the project,
process improvements must be analyzed in a reflection
meeting. The man goa is to analyze dl the
improvement opportunities identified in the project and
validate all the SPI actions accepted in workshops.

SPI activities can be conducted successfully in many
organizations. However, process managers ask
themselves important questions following such
activities, such as: (1) How to evaluate when a new
process version meets the organization goals?; (2) How
to find if this is the appropriate development process?;
(3) How will adjustments and changes affect the
efficiency of the development process?; and (4) This
new development process version will improve the
performance of an organization?

Nowadays, project managers often lack reliable
feedback from benefits of improving their development
processes. In adaily basis, project managers use project
management tools available in the market with the
purpose of measuring and assessing software projects.
However and due the fast changing environment
proposed in the ProPAM, the most important objectives
are related with the impact on improving a software
development process. Feedback information on SPI
enables organizations to have control on a future
application of the software process.

One's prospects for success in executing and
improving software process activities rise significantly
when decisions can be based on quantitative information
that can be obtained only by observing and measuring
the products, projects and resources involved. But as
complex as software development is, there are
potentially so many things to measure against
organizations visions and plans. Some of the most used
approaches to measuring SPI are: (1) the Goal-Question
Metric [24]; (2) the Grassroots Effort [25]; (3) targeting
for a maturity level and (4) team members perception.
However, all these approaches present some limitations
to effectively measure SPI. In the Goal-Question Metric,
it's difficult to establish useful measurement programs
from a business perspective. In the Grassroots Effort,
project managers learned to establish a baseline through
a series of dedicated measurements, starting with
relatively simple indicators and giving priority to the
practical use of data. An alternative approach is
targeting for a maturity level, with this propose
improvement goals become elusive, making it harder to
mobilize the organization. Another option is to rely on
team members perception.  This approach might
maintain organizational commitment, but it provides
little information to manage and improve the change
process.

Prudently used, feedback approaches motivates SPI
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and supports the assessment of SPI strategies and tactics.
SPI assessment in practice can be viewed as the
acquisition of data (key indicators) in a project where
the new process version was applied, followed by data
analysis and decisions about the further adoption of this
development processes. By monitoring changes in key
indicators, process managers and process groups see the
efficiency of the new process version compared to
previous results of the original process adopted.

Once project management is an important discipline
in the proposed methodol ogy, the key indicators must be
those used by the project manager to anayze and
evaluate a project. Normally, a project success is
evaluated in terms of staff productivity, software quality,
cycle time, and cost of the project. These features should
be considered as key indicators to perform a SPI
assessment.

However, these SPI keys indicators may change and
evolve. Over time, process changes can impact the way
measurements are defined, the way measurements are
collected, or the frequency of measurement collection
and analysis activities. To facilitate this evolution and
ensure that the measurements and indicators continue to
provide meaningful information to managers, the
continuous caption of project background information is
important to: (1) facilitate the analysis and interpretation
of measurements over time; (2) to establish links
between measurement data sets over time and (3) to
understand exactly how the measurements are evolving.

4. ENTERPRISES COLLABORATION ACTION

PLAN

Many improvement programs fail because SPI
success has more probability when organizations assign
responsibilities, create plans and dedicate resources. SPI
planning offers several advantages, including a common
understanding of goals, a sequence of tasks with
measurable objectives; coordination and monitoring of
improvement and maintain the commitment of all
participants in the SPI program.

The enterprises collaboration action plan includes
three phases. The first phase is dedicated to an initia
process specification. The second phase is basically an
analysis and improvement of some projects based on the
process initialy defined and registers the new practices
in order to create a new and improved version of the
process. The final phase includes a feedback workshop.
Each phase includes specific working methods and goals
that we describe in this section.

Phase 1. Specification of the software development
process. (1) analysis of existing documentation about the
organization and eventually, if a process exists,
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describes the existing process according to ProPAM; (2)
kick-off meeting with al participants (project manager,
process architect, projects teams, etc.) and (3) interviews
to senior managers and project teams.

Phase 2. Anaysis of process application in the
organization projects: (1) tracking of some projects; (2)
cooperative work in order to motivate team members for
the best practices identified in phase 1 and towards this
phase; (3) identify new entities (activities, products,
roles, etc.) that had not been defined in the initial
process and (4) compose a hew process version with
refinements and improvements detected.

Phase 3. Final workshops and final presentation of
the new process or new process version with al
participants.

1 1
Phase 1 ' Phase 2 ' Phase 3
— Project 1 Tracking  —t Feedback
Initial Meeting : and assessment : Workshop
o | i -
— Project 2 Tracking !
Kick-off | and assessment \ Evaluation and
presentation : : Final Report
¢ —:-} Project 1 Tracking ; ¢
and assessment :
Interviews — h Final Presentation
1
1
1

Figure 5: Enterprises Collaboration Action Plan

To support ProPAM, the methodology concepts are
being integrated in a project management tool
(ProjectI T-Enterprise) of a research project (ProjectIT)
from INESC-ID Information Systems Group [26]. The
main vision of the ProjectlT-Enterprise is to provide
contributions mechanisms to development teams of
average and great dimension, privileging on activities of
process and project management and documents
management, such as versions control, time
management, quality or risk. The most recent version of
ProjectI T-Enterprise already supports the fist and second
components of the methodology — Process Definition
Component and Project Definition Component. In the
third component only some features are implemented
like personal work management and a management issue
for persona improvements proposals. These features
allow team members to detect new improvements during
projects iterations. Process versioning is not aready
implemented in the current application version.

4.1. PHASEL

The interactions with organizations start with an
initial meeting with senior managers which covers
mainly the process documentation and the organization
structure.  Given that documentation and additional
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information, it became possible to start establishing an
initial process according to the first component of
ProPAM.

After thisfirst approach, akick-off presentation with
all participants will cover mainly the description of the
collaboration process and also a presentation of a draft
of their process. This presentation is followed by senior
managers and team members interviews. The
guestionnaire includes questions according to the
development process and projects considered.

4.1.1. THE BASE PROCESS

The initial specification of the development process
is essential to start applying the proposed methodology.
The team responsible by ProPAM, from now on called
process group, creates the base process based on the
available information. The Process Definition
Component of ProPAM is used to describe the new
process based on the PIT-ProcessM.

4.1.2. THE QUESTIONNAIRE

So far we have not identified any empirical study
conducted with Portuguese practitioners to investigate
what Critical Success Factors (CSF) play a positive role
in the implementation of SPI programs. Although this
work is not directly related with an empirical study
about CSF, we believe that the CSF interview can also
be useful in identifying important issues related to the
implementation of SPI.

The questionnaire presents a list of possible CSFs
which tends to limit them to those CSFs reported in
existing international studies. However, those studies
describe real life experiences on SPI implementation and
we believe that results are also applicable in the
Portuguese software development context. The interview
often presents the initial occasion for the process group
to interact with managers and others team members on
the information that might be useful to them.

The questionnaire is structured in two sections. The
questions  regarding ‘Human  Resources and
Competences' reveal team workers skills and future
improvementsin this area. The questions under “Process
and Project Management” considered process focus and
process improvement. The results from this
guestionnaire congtitute the initia information to
propose new improvements and practices to the
development process.

4.2. PHASE 2

In the second phase, the ProPAM is applied in a
project lifecycle. If managed effectively, the continuous
changes and iterative cycles can motivate people to
share ideas and experiences, try out new practices and
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work together to reach challenging goals. SPI
incremental natural requires long-term commitment for
participants, but they must keep sight of the original
goals.

The groups involved in SPI consist on the software
development team, project manager and the process
group. Here, we describe the competences of each one
of the actors from these groups.

Project teams are in a centra role in SPI, their
collaboration within the project in the adequate
definition, planning and improvement of the project
activities are essential to detect changes that are
candidates to SPI. The project team must be motivated
to adapt the new practices in the next project iterations.
The main goa must be optimize daily personal work
and, consequently, to define a better process.

The main goal of a process group is to improve the
process. The aim is to use knowledge from changes in
the project iterations in order to adapt the base process.
One of their tasks is to filter and analyze the process
knowledge from the project. Observing just one
iteration, the process group studies the candidates
practices to improve the process which feedback is
eventually used to create a new version of the based
process. This information will be applied in an
evaluation period over the following project iterations.

The project manager is responsible for monitoring
and detecting the project changes proposed by team
members. The project manager has an important role in
promoting the communication between al the groups
involved in SPl. As we saw, the continuous
collaboration between the project team and the process
group implies a new set of cooperative activities that are
necessary to the SPI effort. This additional work must
also be considered as project activities and consequently
as new practices to the improved process. For the project
management functions, the improvement actions
concentrate on common methods and practices across
the complete development project, this comprises
particularly risk management, project planning and
tracking, quality assurance and configuration
management.

The Project Definition Component is used by the
project manager to define the project. This includes to
create the project plan and to inform each project team
member about their roles, activities and workproducts
produced and consumed by their activities.

Iteration workshops are essential to incrementally
detect and analyze the proposed improvements. These
break points are important to discuss the current
problems and obtain individua opinions from the
project team. Although this is not a assessment period,
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the project manager must be sure that progress is made,
needs to follow-up goals regularly to ensure that the
project really strive to achieve the goals. This should be
done regularly during the project and not just afterwards
because then it istoo late to adjust eventual issues.

4.3. PHASE3

The process improvement assessments cover mainly
the practice process. However, the proposed
methodology is based on projects data, so project final
results must be taken into account. The results of each
project assessed are discussed with team members in a
feedback workshop. This is followed by producing a
final report with detailed results about the new process
achieved and the final results of the assessment SPI
program. In the end, these results are presented to all
participants.

ProPAM is driven by small improvement iterations
each with its data or outcomes. They need not all be
good - but there always have some results. Those
involved can learn from, and are motivated by the
successes, and can learn from the mistakes. The
feedback workshop is important because it is
concentrated on the experiences from the entire project
instead on data collected in each iteration. This kind of
workshop is valuable to comment and improve the way
this methodology is applied in organizations.

The final document presents a standardized result
structure. For each discipline, several new practices are
obtained which includes new activities, workproducts
and roles. Eventualy, this can comprises a maturity
level for the overall process. Detailed verbally expressed
findings as well as recommendations and proposals for
improvements supplement the result structure. These
data are essentially the result of the feedback workshop.

In the end of the project, a final presentation that
includes also senior managers is dedicated to present the
final results of the studies and also to turn participants
more confident in their work.

5. CASE StuDY

The case study is applied in an organization in which
CMM or other SPI model never had been applied. The
organization is an international Software house located
in Portugal and it has with two sectors: (8) Commercial
Sector and (b) Software Sector. The software sector is a
small team with 25 persons and the Commercial Sector
has 10 persons. The major goal of the Software Sector is
to develop and supply high quality business software
products and services and also is subcontracted by other
organizations. The organizations acts in three different
areas but they don't know the characteristics and main
differences in the development process of each area. The
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Commercial Sector aso had some problems. In
particular, the communication between the two sectors
presents some weakness. All these factors contributed to
increase projects problems. In other words, no software
development process was identified, no repeatability
could exist.

The changes described here started when ProPAM
was applied in three projects of different areas that were
developed in pardlé, but this paper evaluates only the
impact that the methodology had in one project. The
project concerns the development of an Information
System with a small participation of the Commercial
Sector. In practice, this means that the case study focuses
in discovering new and existing practices that are
important to have a description of the process
independently of the project area. The main objective isto
find if ProPAM is a good methodology to define and
improve organizational development process, eventually
according to standards like CMMI or SPICE. The
particular objectives of the methodology components are;
(1) create at least a repeatable process, (2) has project
management aigned with process management; (3)
prepare project teams to continuous process improvement.

The action plan described in the previous section is
applied in order to test the methodology proposed in this
paper. The case study took place in three phases
according to the action plan. The first phase was
dedicated to interviews and to an initial process
specification. The second phase was concentrated in
following team members work. Data was collected
considering the work planned for each team member, the
work they redly perfform, new  findings,
recommendations and proposals for improvements. Each
element filled out a daily time sheet, where the activities
carried out were specified in agreement with the project
work plan and the starting and finishing times were
register. Projectl T-Enterprise was the application used to
collect these data. Monitoring and advisement became a
systematic activity of the process group, who made sure
that changes and improvements were register in the
project. In the final phase all data was evaluated and
final results were presented and discussed with team
members and senior managers.

5.1. INTERVIEWS
Five interviews were conduced. The participants in
these interviews fall into the following categories:

e The first group was composed by senior
managers and project managers (referred to as
managers);

e The second group was composed by analysts,
designers, programmers and testers (referred to
as team members).
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The questions were both open and close-ended. The
interviews took place in the interviewee's office.
Additionaly, the participants were informed about the
nature of the research though a briefing kick-off
meeting, already mentioned in section 5. The following
steps were followed during interviews:

e Firgt of al, the objective of the interview was
described with some explanation of the research
being undertaken.

e In case of a organization that already as
performed a SPI program, some questions were
made about the participant experience and
knowledge in SPI implementation (not applied
in this case).

¢ Questions were then asked about the CSF that
they considered important for this SPI initiative.

e After having providing al the answers, the
participants were then asked to provide their
opinion about new practices or problems that
they face in recent projects.

5.2. PROCESS SPECIFICATION

ProPAM proposes PIT-ProcessM, a metamodel to
specify software development processes. The approach
presents two views (dynamic and static) in order to show
atemporal perspective and a discipline perspective. Here
we just present the discipline perspective, since in the
beginning of the projects we didn’'t know exactly how
many phases and iterations characterize this process. By
specifying the workflow in all process disciplines, the
organization could take a step away from depending on
individual, towards a predictable and schedulable
working  environment.  Additionally, this  first
specification was taken as a basdine for further
comparisons.

The static view of the process is organized in five
disciplines. project management, analysis and design,
development, tests and deployment. The activities,
workproducts and roles used in these disciplines are
described here.

The Project Management discipline (figure 6)
includes activities involving the initial commercial
proposal, project meetings, schedule activities,
monitoring and controlling the project. The roles
responsible to perform these activities are the service
manager, the sponsor (client) and the project manager.
The workproducts produced and consumed are the
Commercial Proposal, the Project Draft and initial Plan
and also meeting notes.
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Anaysis and Design discipline (figure 7) includes
the System Analyst responsible for collecting the system
requirements and build the system model (Architecture
Solution Design). The Client Project Manager as an
important role in the presence of new requirements that
consists in elaborating an issue or change request
document. The System Analyst as to react and manage
the changes sends by the Client Project Manager.
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Considering Development discipline (figure 8),
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the Architecture Solution Design will be communicated
to the Programmers who will turn this model into code
and SQL documents. Additionaly, Programmer will
report their daily work in Timesheets.
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The Test discipline (figure 9), once the application
has been completed, it's time to test the application to
determine its suitability against the origina list of
requirements. Testing is handled by testers and System
Users throughout the course of the applications
development. It can be a complicated process as Testers
handle unitary testing of the code, as well as system
tests. Once the application is sent to testers, they can
identify exactly which files make up the application
release, and therefore which versions of the files are
likely to have bugs and faults that need to be addressed.
Users also perform client test and need to record defects
identified in the applications producing a final report
called Bug Report.
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From an administration point of view, the
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Deployment discipline (figure 10) includes the
preparation of the project presentation and also the final
exposition to the Sponsor (client) performed by the
Project Manager. If the Sponsor accepts the presented
system, a project acceptance document is assigned.
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Although some doubts and problems were identified
in that moment, they were not immediately processed
since they constitute improvement practices used to
validate the proposed methodology.

5.3. PROJECT DEFINITION AND TRACKING

The project was divided in three phases in order to
provide better management control and appropriate links
to the ongoing operations of the organization. Each
phase ends up with a project deliverable and a review of
project performance in order to determine the main
problems within the project. Phases are composed by
severdl iterations and in the end of each one, an iteration
workshop is realized to propose corrective actions and
conseguently process improvement.

The initial project plan is based on the process
presented in the previous section, but as mentioned the
project follows the dynamic view based on phases and
iterations. Figures 11, 12 and 13 presents the diagrams
with the workflows of the first iteration from each of the
three phases identified in the beginning of the project.
Figure 11 corresponds to the elaboration and
presentation of the proposal to the Sponsor. If the
Proposal is not accepted by the Sponsor, the Service
Manager and the Project Manager will repeat these
activitiesin a new iteration until the proposal is accepted
or the Sponsor ends the project.

5.3.1. CONTRACT PROPOSAL PHASE —I TERATION 1

In the first iteration from the Contract Proposal
Phase, the System Analyst and Project Manager reported
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additional activities, such as: an initia kick-off meeting
with the Client Project Manager, interviews with
Managers from different areas concerning the project,
details about the commercial proposal document. The
commercial proposal document is composed by three
parts: system context (System architecture), project
planning and software products.
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Figure 11: Iteration 1 from Contract Proposal Phase

Iteration 1 from Contract Proposal Phase based on
the reports submitted by team members and in the
information from the iteration workshop, the process
group identified several problems: (1) Managers from
client areas were not realy motivated to participate
(some of them change the meetings date several times);
(2) the organization didn't has a knowledge repository
about different architectures. He had to do some
research in order identified the best architecture.
Previous experience from others members from the
organization could be considered if they had a common
reposition. (3) The Project Manager spent a lot of time
creating the project plan. He also spent additional time
confirming project schedule with other team members.

In the end of the iteration workshop, the process
group introduced some changes in the process. These
improvements included: a knowledge reposition about
information systems architectures, guidelines in software
development, testing, etc; the project plan will be
created based on the development process. In order to
get more confidence in time schedule and costs, a
historical repository about process entities must be
created and updated based on projects data.

The process group also made a comparison between
the project plan based on the process specification and
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project plans created by the Project Manager. Table 1

presents the man features, advantages and
disadvantages of the new approach.
Table 1: Project plan features
Features Previous ProPAM
Project Plan Project Plan
Process lifecycle No Phases and
Iterations
Discipline based No Yes
Process activities No Yes
Workproduct No No
identification
Phase planning No Yes
and control
Methodological No Yes
approach

Now the main advantage is the effort saved in
identifying the proper needs and structure for organizing
and managing the project, once the project plan is now
based on the process aready defined. Another advantage
is that the project plan reflects the process refinements
over time in order to maintain the applicability, usability
and acceptability of the process. The project plan is
organized to alow problems identification structured in
disciplines, phases or iterations. However, most project
management tools does not support information flow, a
concept essential in project execution support in which
document routing and  information-flow-based
notifications are key. We therefore extended Project! T-
Enterprise to support these features through definition of
input and output workproducts in project activities. So,
if some problem is associated to a specific workproduct,
it is easier to identify the workflow of activities that
probably must be repeated.
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Figure 12 presents the first iteration from the
Implementation Phase. Once the proposal is accepted by
the Sponsor, team members are associated to the roles
identified in the process and corresponding activities are
scheduled to them. This activity is performed by the
Project Manager. This iteration includes an initial kick-
off meeting and more detailed requirements specification.
Thefirst iteration included essentially analyses and design
activities, but some implementations and tests were
performed. In the end of the iteration, severd situations
were discussed in the workshop. Some problems
concerning al disciplines involved in this phase were
analyzed. As an example, we present a scenario that
includes several actors and it's related with the quality of

IMPLEMENTATION PHASE —I TERATION 1
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the information system devel oped.
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Figure 12: Iteration 1 from Implementation Phase

The problems associated with this scenario were:

Problem 1. The Programmer wrote they code but
they didn’t write the test first. Sometimes they aso
neglected tests.

Problem 2: The Programmer sometimes gets stuck
or frustrated and needed help to found a solution. The
Project Manager or a more experience programmer
stopped their work and gave some guidelines about how
to solve the problem.

Problem 3: Client users just performed their test
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after the applications was delivered for tests.

Praoblem 4: System tests must be performed by other
team member and not by the programmer that wrote the
code.

The process group proposed improvements in the
process in order to solve these problems.

Solution 1: If Programmers write the test first, the
test drives the code. As a result, the code will look
remarkably different and much simpler.

Solution 2: Pair programming is an alternative
approach but each actor should switch roles frequently,
changing from the driver (code writer) to the partner and
so on. This approach also involves design decisions, less
chance of both actors neglected test, spreads knowledge
throughout the team and frequent code reviews.

Solution 3: Client Users must write their own tests.
Client tests tell the team whether the system does what
Client Userswant it to do.

Solution 4: Improvements for quality assurance
cover a common quality assurance plan for the system
and reviews for all work products using harmonized
review methods.

5.3.3. DEPLOYMENT PHASE —I TERATION 1

The number of iterations in the Deployment Phase
(figure 13) depends on problems identified when the
client organizations starts using the system. Until the
Sponsor has formally accepted the project’s deliverables
and end products, the team continues performing their
activities. The Project Manager controls and monitories
the project, he also realizes some meetings in order to
know about project features and restrictions to
communicate to the Sponsor.

The case study aims to study how this methodology
suits for self-adapting and improving the practices
during a software project. Our approach to process
improvement includes controlling and monitoring the
project and iteration workshop to discuss and present the
new practices to introduce and test in the future project
iterations. The team members maintained daily records
of their work and about positive and negative
perceptions. The process group made several proposals
of applicable practices based on team members' iteration
reports. In the iteration workshop, they decide after
discussion which practices are usable and how. During
the project quantitative and qualitative data was
collected considering: a) effort spent on workshops; b)
guantity of new practices found; c) quantity of proposed
and actual implemented process practices.
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Figure 13: Iteration 1 from Deployment Phase

In the iteration workshop all team members’ reports
were considered as equal and all of them were discussed
in the final iteration proposal presented by the process
group. Each team member had to list his practices in
order to verify his new schedule of activities. Finaly, in
the end of the workshop, the previous proposal was
revised to find out what improvements had actually taken
place and which ones were not implemented for one reason
or another.

The length of iterations was different in the three
phases. The project started with three two weeks
iterations to the Contract Proposal phase and finished
with two, two weeks iterations to the Deployment phase.
The Implementation Phase had five four weeks
iterations. This paper involves anaysis on the first
iteration of the three project phases.

5.4. SPI ASSESSMENT

The central goal established during the case study
was to specify and improve the organizational software
development process. The aim was to use the methods
from the ProPAM in order to adapt the initial base
process to better suit the software development areas of
the organization and dea with any immediate
weaknesses in the development practices. However,
short time SPI is not always possible since changes do
not occur immediately. It takes time for a new habit to
be accepted and utilized [27]. As an example, it can take
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years to move from a maturity level to the next [28].
Therefore, improvement can only be achieved in small
steps, and all that aready works well has to be
maintained carefully. The idea was never to achieve a
higher maturity level (level 2) in one attempt, but to take
astep in achieving better quality and efficiency process.

Considering the lack of the process historical data,
since the previous information from projects hadn't
detailed data about process elements (phases, iterations,
disciplines, activities, roles, etc), the current process was
analyzed and taken as a baseline for future comparison.
A quantitative evauation in terms of the proposed
metrics is not possible. Thus, we just performed a
quality process assessment and generate some
improvement advices.

The case study reveded the importance of
continuous collaboration between the process group and
team members. Different cooperative activities were
identified as necessary to benefit the team as well as the
process group in their SPI efforts. The amount of team
members proposal decreased towards the end of the
project, as a consequent the time spent on iteration
workshops to discuss SPI actions for the next iteration
also decreased.

In the beginning of the project the team members
productivity was at its lowest when the new methods
and tools were still new to them and the initial activities
were highly time consuming. The activities time were
underestimated in the initial iteration but significant
iterative improvement were observed influenced by
factors, like learning through monitoring and
interpreting the data of previous iterations. Along three
iterations, by monitoring the actual productivity of each
team member from previous iterations, the team was
able to tune planned velocity for the scheduling of the
next iteration. The ability to estimate productivity and
activities time increased towards the end of the project.

The main goa of this paper was to analyze the
effectiveness of the proposed methodology in SPI. The
immediate goal of the process group was to analyze and
transfer knowledge from project team members to the
development process. The resulting improvements
proposed could be separated in two groups: 1) practices
immediately introduced in the process and 2) practices
accepted at organizational level but not implemented in
ashort term.

On the average, only 45% of proposed improvements
were implemented immediately and  without
organizationa support. Thus, 55% of the new proposed
practices were not implemented in the project lifecycle.
These improvements were delayed since require
additional efforts and senior managers decided not to
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give priority to these changes. Although proposed by the
process group, the historical reposition with associated
mechanism to analyze, transfer and disseminate project
data to the process were not implemented due to
organizational decisions. Moreover, 25% of the
improvement planned and executed failed or were just
postponed by any reason.

6. CONCLUSIONS

This paper proposes a new methodology for process
improvement. The find outcome of the research is a
methodology to assist in the definition and improvement
of software development processes based on projects data.
As shown in section 4, the methodology comprises aPIT-
ProcessM meta-model, a PIT-ProjectM meta-model, a
versioning metamodel and a Project Iterations approach.
Currently, standard process meta-model, e.g. SPEM, is
not suitable for SPI, since his main goa is on process
specification without any consideration regarding project
management or anaysis. ProPAM concepts are being
integrated in a project management tool (ProjectIT-
Enterprise) of aresearch project (ProjectI T) from INESC-
ID Information Systems Group [26].

ProPAM was applied in a case study to help the
organization improve its software product development
process. Results on using the improved process were
gathered and analyzed. The case study reported here
provides information about the utility of the
methodology and aso will contribute to some
refinements on the basis of the experience and
suggestions with industry practitioners.  The results of
the case study reveals that the proposed methodology —
ProPAM- is a good approach to help project teams in
improving the organizational software development
process based on their daily work.

The contribution of the case study is its empirica
findings because there isn't alot of empirical data about
the practical functionality of process models. The
findings of the case study contribute to encouraging
practitioners to start improving their process. The
limitations of the case study were the absence of
historical data to alow an assessment of the
effectiveness of the improvements in the process.
However, the case study does not offer extensive enough
data to draw any generalizations, some conclusions can
be brought forward for further evaluation.

Several conclusions could be made based on the data
of the project: (1) the ability to estimate productivity
and activities time increased towards the end of the
project; (2) the higher productivity from team members
in the end of the project somewhat indicates the learning
of using the new methods and tools, but it also correlates
to the increased satisfaction of the team members.
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Traditional SPI takes too long to deliver benefits to
software developers, managers or the organization.
Traditional SPI planning often schedules improvements
in terms of many months or years before useful results
or objectives are achieved. Small or rapidly changing
organizations will, quite reasonably, loose patience at
these timescales, or may be reorganized or restructured
before they are achieved. ProPAM is a methodology to
process improvement based on projects iterative
proposals. Many benefits arise from small and simple
improvements, made quickly. The rapid visibility of the
SPI actions and the concrete possibility to influence the
working practices aso increase the satisfaction of the
project team.

The case study reveals that SPI isn’t trivial, some
improvements need organizations decisions, additional
effort and time consuming activities. Some
improvements had been implemented in the project as
suggested, but some of them failed. SPI must follow an
iterative approach but results aren’'t always immediately.
Sometimes, only after one year the effects of the
proposed improvements will be observed. When passed
projects data is needed to tune projects activities time
and costs, it's important to continuously repeat the
proposed improvement in future projects. Also
important is the need to repeat this study in other
projectsin order to draw any generalizations.
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