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Abstract. Software Process Improvement (SPI) is one of tlaénrsoftware
development challenges. Unfortunately, processrigg®mns generally do not
correspond to the processes actually performechgwsoftware development
projects. Process and project alignment is essetatiaeally find out how
process improvement is important to achieve an rizgdon’s strategic
objectives. Considering this approach, this papesqunts a new software SPI
methodology designated by Process and Project it Methodology
(ProPAM). As a complement to be aware about prajheinges and facilitate
the migration to an improved process, we proposetuic called ProPAMet to
analyze the alignment between process and projestsonclude, a case study
contributed to validate the effectiveness of ProPahd ProPAMet.

1 Introduction

Software process improvement (SPI) is a challermeorganizations trying to

continually improve the quality and productivity ebftware and to keep up their
competitiveness [1]. However, there has been longaeccess for many SPI efforts.
Recent reports concluded that 70% of organizatattesmpting to adopt the CMM

(Capability Maturity Model) failed in achieving ttetended goals [2].

There is a vast literature about process improveérapproaches, such as: CMM
[3], CMMI [4], ISO/IEC 15504 [5-7], BOOTSTRAPI[8]. dlvever, they don't tell
though how to improve and which are the specificanseto get into a particular
maturity level. These approaches don't provide washfor process elicitation and
modelling in order that projects follow specificvddopment processes. They don’t
show how project practices and knowledge is gathece contribute for process
improvement. They don’t explain the mechanismseafit members’ collaboration to
cope with changing contexts or react to existingppgms. These are the main reasons
for limited success in many SPI programs. Also ingoat is the fact that some studies
recognize the need of further research on impleimg/@PI [9].

Evaluation and, as a consequent, improvement dfvacé processes would be
impossible without software measurement [10]. Safewprocess assessment is a
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mean for organizations to identify their strengthv®akness, existing improvement
activities and key disciplines for improvement. Me@ement-based SPl enables
organizations to determine the current state af gwftware process and to evaluate
results of developed SPI programs. It also allddsdetermining the effectiveness of
applied processes [11]; (2) studying the effectsi@f practices introduced through
improvement programs [12]; and (3) finally speaqifyi process models that
correspond to the processes actually performed [11]

All these factors allowed identifying several prails associated to existing SPI
approaches, such as: (1) improvement actions fdcaseSPI models and ignoring
organizational culture; (2) existing SPI modelsuieg several investments, such as:
budget, time and human resources; (3) absenceygirketitioners involvement result
in resistance to change; (4) process descriptiemerglly do not correspond to the
processes actually performed during software dgwveénmt projects; (5) existing SPI
models don’t provide methods for process and ptoggaresentation; (6) existing SPI
models identifywhatto improve but don’t give any information abdwutw to do it;
and (7) no indicator about how project practicesdiverging from the base process.

One of the contributions of this paper is to présemew SPI approaclrocess
and Project Alignment M ethodology (ProPAM) is a SPI approach based ongssc
and project data in order to detect misalignmemtsvben projects and supporting
processes. The development of a metric for evalgatie accuracy of process and
project alignment and the need to improve the @®d® another contribution that we
intend to introduce in the domain of SHArocess andProject Alignment M etric
(ProPAMet) allows determining the alignment betwegmocesses and projects
considered as an indicator to perform changesse peocesses.

This paper is organized in the following sectiofiection 2 describes briefly the
proposed ProPAM methodology. Section 3 presentptbposed metric to analyse
process and project alignment. Section 4 presentasg study performed in a
Portuguese organization. Finally, Section 5 coreduaind introduces future trends.

2 ProPAM Methodology

As mentioned in previous section, existing SPI nedee insufficient to guide
change in a constantly changing, constrained antteasingly unpredictable
environment. Process and Project Alignment Methogipl (ProPAM) directs
attention to organization’s needs for communicaticoordination and collaboration
within and between project teams. The methodoleggliout how the process and
project are represented and how project teams i@cgand use knowledge to improve
work. ProPAM methodology proposes solving the peold faced in software
development projects carried within the organizatioA critical feature in ProPAM is
the integration of SPI activities with software dpment activities. This way, we
considered project teams and projects as the hasklr improvement. A detailed
specification of ProPAM can be found in [13].

As Figure 1 illustrates, ProPAM methodology inclsdgP| activities that intends
to develop and implement the software process obrganization (process level).
Nevertheless, SPI activities also include moni@amd tracking of software projects
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(project level). At project level, the methodologgoposes to assist organizations in
its efforts to assess and manage problematic mitsatof specific projects, and
develop and implement solutions that help managsetiproblems. The project level
covers project(s) information needed to systemiicgupport or reject many of
decisions about the process. At process leveleptsjfeedbacks conduct to process
reviews and iterative process improvement. The aynanterplay between these two
levels (project level and process level) show theesgy between the activities
performed by project roles (project manager andanteaember) and the activities
performed by the process roles (process managarvied in SPI.

Figure 1 overviews the ProPAM methodology thatudels the alignment between
the process and project(s) illustrated through ggs@nd projects levels. The scope of
the levels is well defined in order for process @nojects actors collaborate on SPI
programs. However, to manage the inherent complexit these levels, namely
ProPAM represented at process level, it is curpeattice to divide such models into
views. In general, a view is defined as a projectba process model that focuses on
selected features of the process [14]. ProPAM @gawized in two correlated and
complementary views, the static view and the dywcamiew that represent the
behaviour at that particular level. Whereas théicstdew describes aspects of the
methodology as core and supporting disciplinegims of activities, work products
and roles, the dynamic view shows the lifecycleeasp of ProPAM expressed in
terms of stages and milestones.

Fig. 1. Process and Project Alignment Methodology (ProPAM)
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ProPAM static view integrates project managemenmtcgss management, SPI and
knowledge management (KM) disciplines, as illugtdain diagram of Figure 1. These
disciplines assure alignment of projects with ofgation vision and goals, and the
adopted and improved software process.

ProPAM dynamic view covers iterative process imgrmoent through a SPI life
cycle with three stages: (1) process definitior); #@ply process to project(s) and
monitoring; and (3) process assessment and refinebepr ocess definition stage
main goal is dedicated to an initial process spEatibn through the application of the
PIT-ProcessM metamodel specified in FigureApply process to project(s) and
monitoring stage involves planning and executing the projéittin the base process
best practices. It also provides assurance thaprbject is progressing according to
the base process or reveals the need to take SiPhsdecause the activities
performed by team members are different from thepeeified in the process. Project
problems may occur and a new set of practices resimposed or the process
manager detects that new practices are needechelprbcess assessment and
refinement stage, initially, the project manager and proceasager analyze project
data and produce assessments focused on projagsisand process issues,
respectively. After that, the results gathered mfyassessments enable improvements
and consistent refinements of the base processrggeanew process version.
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3 Processand Project Alignment Metric (ProPAMet)

Process descriptions generally do not corresponidet@rocesses actually supporting
software development projects. They just reprebégtt-level plans and so, do not
contain the concrete information necessary for #iwsme project. This lack of
alignment between the process and project(s) sedrdin processes unrelated to
project activities and failure in detecting projettanges to improve the process.
Process and project alignment is essential toyrdalll out how process management
is important to achieve an organization’s stratefigctives.

However, progressive modifications in projects canse misalignments with the
original process. These modifications can be mamageé innovations or changes in
the way the activities are executed. Furthermomapdification may regard not only
the considered activity, product or actor but it edso affect other elements having a
dependence relation with the modified one. ProPAMthodology provides
mechanisms to detect misalignments between prazease projects through
detection of changes and innovations in projeatttvaies. This mechanism is based
on a metric that allows defining the alignment @éegbetween process and project.

Process and project alignment is defined as theedetp which the project
activities support and are supported by the propesstices. Moreover, it involves a
real match between process practices and projetitdtias, products and actors. We
propose a metric where the process is consideredeference, and the measure
provides a balanced assessment of the fidelityai€hes and gaps.

Project metrics goals are important to improve gebpy-project performance,
divisional/sector performance, or organizationatfgrenance. Process metrics are
also important to quantify attributes of the depahent process and the development
environment. However, none of these approachesvalldentifying the similarities
between the features considered in both domainecéss and project). The
alignment metric that we propose intends to charamt how closely the projects are
related to their base process.

The Process andProject Alignment Metric (ProPAMet) evaluates the mapping
features of one project to features of the proc€he. alignment measure intends to
evaluate the correctly match between process amj@qbrfeatures (aligned features)
divided by the total number of features identifieda project. The measurement
process contains the following phases:

« identification and classification of project feaarby categories, considering: (1)
unaligned features in process entities and (2hatigeatures in process entities;

» calculating an aligned features value;

 calculating general project features value;

+ calculating final process and project alignmenteal

For measurement purposes, project features arenimegh according to process
entities in the following five categories: phaséscipline, role, work product and
activity. The formula to derive process and progignment can be written:

ProPAMet(AF, TPF)=AF/TPF . 1
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Where:

AF = number of project’s entities that have a corredgoe in process’ entities
(Aligned Features).

TPF = number of project’s features (aligned and unaligfeatures) in all five
categoriesTotal ProjectFeatures).

In (1) each termAF and TPF is calculated by formulas (2) and (3). However,
features from different categories have a diffeiergact in the process. To consider
the relevance of each category, project featurest ha multiplied by a constant

weight w, in formulas (2) and (3). Each category has its @menstant weight w
(i=1,2,3,4,5) as presented on Table 1.

Table 1. ProPAM weights

Category Weight factor
Phase 0,2
Discipline 0,25
Role 0,1
Work Product 0,05
Activity 0,05

To derive the AF function, first identify all project entities thahave
correspondence in process entities. Then weight abgned feature based on one of
the five categories. The sum of these weights ligatahe aligned features function
(AF):

AF(i,a,W)== (a.w)) . @)

In (2) each term, g andw; represent:

i = features are classified through five categof@sase, discipline, role, work
product and activity)

a = number of project aligned features classifieddategory i.

w; =weight assigned to category i.

However, some features could have no correspondangeocess entities for
respective categories. Then, consider project featas the project activities with and
without correspondence in process entities. Thesight each project feature based
on one of the five categories (Table 1). The surthese weights is called the total
project features (TPF):

TPF(i,p,w) =X (pi.W;) . ®

In (3) each term, p; andw; represent:

i = features are classified through five categoffsase, discipline, role, work
product and activity)

pi = number of project features (aligned and unaliyrdassified in category i.

w; = weight assigned to category i.
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Over time, process and project misalignment happehnen projects practices
gradually changes to a point where differencesht liase process are considered
relevant. ProPAMet, a metric to evaluate process oject alignment enables to
compare performed practices in current project witictices of the base process. The
metric compares the base process at tigneith practices in projects at timg
allowing notifying practitioners about differencdsetween process and project
practices. When the ProPAMet threshold is crosdiéfitrences are significant and it
is a recommended to start a new SPI| program whiobably will conduct to an
improved process version.

Figure 3 illustrates the second stage (apply psotesprojects and monitoring
stage) of a hypothetic SPI program. Three iteratisrere executed until achieve
organization goals. Iteration ends when the mehieshold is crossed and a new
process version is delivered. This cycle conclugben the SPI program goals are
fulfilled.

Process V.1 Process V.2 Process V.3

110%

100%

90%
Project 1 Project 10

80% 1
Threshold +— — —

70% Project 7

Project 3

ProPAMet (%)

60%

50%

40%

- ______________________1_______________ o A
|
|
|

Iteration 1 : Iteration 2 © Iteration 3
Iterations (months)

Fig. 3. Example of a SPI program with three iterations

4 Case Study

The purpose of the case study was to evaluateffibetieeness of ProPAM as a new
methodology for SPI in small and medium organizagioWe collaborate with a
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Portuguese software house that had demonstraw@sbto define and improve their
software development process. The case study ieslude observation of three
different projects and the application of the pregm methodology — ProPAM — to
define and improve their software development psece

A SPI program was conducted in order to control andlyse projects developed
by this organization. The SPI program was organirettiree stages. The first stage
was dedicated to an initial process specificatibpracess level. Wile in the second
stage several activities had been realized at psoaed project level. At project level,
three projects had been under inspection to detettipduce and validate new
software development practices. Then, these pesctiad been analysed at process
level as candidates for future improvements inlihee process. Final stage main is
dedicated to specify the improved process and dedwa final feedback meeting to
discuss introduced practices.

SPI roles planned and performed improvement a@é/ibver a period of ten
months, which resulted in the definition of the g@ss (a process model, process
documentation guideline) and a knowledge base (deats, guidelines, projects
data, template library). At the end, the changext@ss had been presented to senior
manager and project teams and further modified amproved based on their
feedback.

Critical work of a SPI program was developed duthg second stage of the Sl
program. At project level, the project PTF had bemmitored during 12 iterations
that lasted one, two or three week’s time eachjeBrtoNGRID and PIS were
organized in fewer iterations, respectively 5 ands4showed in Table 2. This table
also provides a profile of attributes for the thpeejects.

Table 2. Main features of the three inspected projects

10 weeks (actual)

9 weeks (actual)

Characteristic Project NGRID Project PIS Project PTF
Project name NGRID PIS PTF
Application Web-based Web-based Portal (front-end
application application and back-office)
Duration 7 weeks (planned) 6 weeks (planned) 18 weeks (planned)

25 weeks (actual)

Number of Iterations | 5 iterations 4 iterations 12 iterations
Iteration length 1 x 2 weeks 3 x 2 weeks
5 x 2 weeks 1x 1week 1 x 1 week
2 x 3 weeks 6 x 3 weeks
Project Team Size 5 4 4

At process level, only an iteration took place dgrthe second stage. As we can
see, at process level, iterations act in a diffetieme scale expressed in months. In
this case study, this iteration lasted six monite nature of the project and process
level iterations won't necessarily change muchwsorecommend at least one SPI
program each year. Figure 4 illustrates the diffeeebetween the time scale of the
iterations at process and project level. It alseniies main activities and
demonstrates the interaction between these twdsleve
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Fig. 4. SPI program performed at the Portuguese softivamse

During the period of the pilot case study from ®emter 2006 to July 2007 we
collect data from these three projects. All theadptesented here was obtained
through analysis of several projects’ work produatel SPI documents. The data
collected were analysed statistically, and proposare developed for improving the
software development process based on the redulie analysis of the qualitative
data collected in the assessment and other quadiprovement findings from
developed projects.

Finally, after analysing data collected throughttivee projects and comment final
metrics results, it is the moment to verify the &aapof the proposed practices in the
base process. In accordance with ProPAM methodplPmPAMet is a metric which
allow identifying the degree of alignment betweewj@cts and the correspondent
process. The main objective is to determine theesegf alignment in order to advice
improvements in the base process. A high degredigriment indicates that projects
practices are highly synchronized with correspohgencess.

Here the challenge occurs under changing projeattiges, such as the ones
introduced in these three projects (case study) dbald result in a shift to a new
process version. When such changes take place ARfetPis used to evaluate the
degree of alignment or consensus between projectsttee correspondent process.
ProPAMet calculus involved identification and clfisation of the features from
projects and from the base process according toifgpeategories (see table 1). To
determine the match between process and projeests,fiinctions were applied
(equation 2 and 3) to determine aligned featurds @nd total project features (TPF)
(see section 3). In total and relative to the haseess, project NGRID included the
following unaligned features: 1 discipline, 10 wgmoducts and 6 activities. Whereas
the corresponding values were 1, 13 and 7 in pré}é8 and 1, 18 and 10 in project
PTF (table 3). Projects PIS and PTF included oneermale in the unaligned features,
the Web Designer.
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Table 3. Existing and new practices organized by discigine

Analyse and design

Interviews

Prototyping +
Use caseq - + +
Requirements specificatioh + + +
Issue and change request management + H :
Modelling + + +
Design information - -
Requir ements management + + +
Reguirements traceability through design - + +
| Development_ _ 0.
Write code + + +
Test-Driven Development (TDD) techniques - - -
Pair programming - - -
Pair programming training - - -
TDD training - - -
Tests _ T
nitary tests + + +
System tests + + +
Final client test + + +
Pre-production debug + + +
Test cases + + +
Client participation on test cases - - +
Independent tester -
Peer review
Cross-refer ence between requir ements and test cases
Defects management + + +
| Deployment | “ V7
Prepare client installation + + +
Client installation + + +
Prepare project presentatipn + + +
Present project to client + + +
| Project Management — .
Kick-off meeting + + +
Prepare project meetings -
Iteration meetings + + +
Elaborate commercial propospl + + +
Historical data -
Estimation -
Planning/replanning + + +
Tracking project +
Periodic reports + + +
Risk management - +
Quality management + + +
Softwar e configur ation management - -
NGRID PIS PTF
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Figure 5 shows the variance of the ProPAM metrimPRMet) within the three
projects. The graphic illustrates a decrease invidae of ProPAMet from project
NGRID to project PTF and, consequently, shows hbanges proposals influenced
project practices and conduced to process improreme

—o— ProPAMet

85,00%
80,00% >
75,00% A
70,00%
Project NGRID Project PIS Project PTF
—— ProPAMet 80,37% 76,11% 71,07%

Fig. 5. ProPAM metric (ProPAMet) for each project

5 Conclusions

Currently, existing process metamodels are noaBlgtfor SPI, since their main goal
is on process specification without any consideratiegarding project changes to
improve the process. These problems redirecte@ffonts to define two metamodels
(PIT-ProcessM and PIT-ProjectM) that are applied pnocess and project
specifications and respective alignment. On thesrottand, within ProPAM, PIT-
metamodels contributed to the solution of previpudentified SPI problems. So,
these metamodels had been proposed to fulfil thewiing requirements: (1) provide
support for process definition and improvement; $pgcify projects based on a
previous process description; (3) track projeatéssback to the process. Round trip
was also an important feature, since we used revengineering to improve the
process model based on the changes introduced jrdfect description (process and
project alignment).

The contribution of this thesis was not just a nilig approach to align process
and project specifications, within ProPAM, we afgsoposed a mechanism to process
evolution based on the changing needs of the stétd@velopment organization. The
case study, and consequent results evaluation, m#rated the effectiveness of
ProPAM to improve an organization software process.

Concerning ProPAMet metric, this paper introducededric that graphically helps
to decide about process and project misalignmduatisvtill conduct to SPI actions to
improve an organization process. When an orgaoizatipplies ProPAMet metric
during successive software projects, it obtainsealtback about how project practices
are diverging from proposed process practices. &fibex, we highly recommend
using ProPAMet during all developed software prigjdor two reasons: (1) evaluate
if projects changes proposed by SPI programs devamet to justify a new and
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improved version of the base process and (2) déterihcurrent project practices are
not aligned with base project, justifying a new $Rigram to improve the process.
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