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Abstract 

Software Process Improvement initiatives have been implemented by many companies in order to achieve 
quality of products and practices.   Many models like CMMI and IDEAL have been adopted as a means 
to gain competitive advantages among competitors and trustworthiness of customers.  Although these 
models have proved successful results, the inherent characteristics of  SMEs make it difficult and in many 
cases unfeasible to implement such models, without meaning that those companies are less capable of 
producing quality products or adopting well-defined practices. 

This research presents a model to guide Software Process Improvement (SPI) according to the context of 
Small and Medium Enterprises (SMEs)  using the Open Maturity Model (OMM) elaborated by the 
QualiPSo consortium.  Different literature reviews, a survey and a focus group were done in order to 
build the theoretical foundations that support the structure of the proposed SPI model, validate the 
findings and evaluate the resulting SPI model.  SPI in SMEs, CMMI implementations in SMEs, issues 
affecting SPI programs, and Knowledge Management approaches supporting improvement of software 
processes and practices are the four main pillars of the theoretical background supporting the design of 
the proposed SPI model, which is the major outcome of this thesis project and is aimed to guide SPI 
programs considering OMM assessment results.   

The proposed SPI model was subject of a preliminary evaluation with researchers and a validation with 
practitioners.  The results have confirmed that SPI outcomes are more valuable when business 
requirements and SPI objectives are chosen to drive the improvement actions.  The importance of 
organizational awareness and the value of knowledge management strategies to mitigate potential 
problems faced when implementing SPI has also been highlighted when evaluating the model.   
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1 Introduction 

The software industry is a knowledge intensive field; its development depends entirely on  the interaction, 
sharing and use of people’s knowledge in order to perform activities in common to produce software.  
Software Engineering has as major challenge to engineer and foster software production, which 
differentiate itself from other production or engineering fields in the sense that from requirements 
specification to maintenance, it all depends on the interpretation and interaction of practitioners who 
might have different skills, perspectives and ways to do their job.  Software Process Improvement is the 
area within Software Engineering in charge to manage and foster software processes in order to increase 
productivity, quality, Return of Investment (ROI), trustworthiness in software products and customer 
satisfaction among other characteristics.   

Free/Libre Open Source Software (FLOSS) communities are the most representative scenario for constant 
change implementation on towards to innovation [1]. The study of their practices and the behavior of their 
communities can be applied to different situations among software industry [2].  Moreover, FLOSS is 
being used and developed by a large community to which many Small and Medium Enterprises (SMEs) 
belong to, hence the importance of building trust on FLOSS products and practices.  To address this need, 
an Open Maturity Model OMM [3] [4]  has been presented as part of the QualiPSo project [5] as a set of 
measurements to build trust in Open Source projects and development processes evaluating and 
classifying them.  However, it is still needed to state how to use this model to go from a maturity level to 
another in the evaluation and implement the defined practices in order to conduct effective SPI programs. 

Since SPI is a knowledge-intensive activity where change implementation impact practitioners’ habits, 
knowledge and skills; the Knowledge Management domain is also considered within this research project.  
It is explored how Knowledge Management domain can provide some key aspects to consider when 
implementing SPI initiatives in SMEs, and how those aspects can be combined with OMM initial 
assessment and particular characteristics affecting the target organization in order to facilitate the 
conduction of SPI initiatives. 

This research focuses on Software Process Improvement for SMEs  It proposes a guideline to use the 
Open Maturity Model (OMM) [4] in combination with Knowledge Management activities in order to 
drive the improvement in Small and Medium Software Enterprises.  By using OMM assessment as one of 
the initial steps to conduct an SPI initiative, considerations regarding the different implications that 
Free/Libre Open Source Software production and integration have on SMEs are taken into account.   

The guidelines presented in this project are intended to facilitate and promote SPI implementations within 
SMEs taking into account their differential characteristics, [6] that demand a different approach when 
improving software processes.  Software Process Improvement can be an over challenging task for SMEs 
since the most popular models require significant infrastructure and resources [7].  This situation presents 
the actual need of guidance for SMEs wanting to improve their practices under manageable cost and 
complexity. 

Numerous studies have presented and analyzed different alternatives for driving SPI implementations 
considering SMEs characteristics [8-14].  The proposed guideline represents an alternative for SPI using 
OMM as model of reference, where related previous studies and Knowledge Management literature are 
taken into account.     

The general background of  this research, which motivated the formulation of the research questions 
presented in section 2.4, is presented in chapter 2.  Chapter 3 describes the Research Methodology chosen 
to answer those questions, and the subsequent chapters present the corresponding findings.  The 
description of the most influencing studies for the elaboration of the presented guidelines is presented 
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through chapters 4 to 7.  Chapter 4 describes current practices for SPI in SMEs.  Studies regarding CMMI 
implementations in SMEs are shown in chapter 5.  Findings relating the most significant issues affecting 
SPI implementations are shown in chapter 6.  Knowledge Management literature related to Software 
Process Improvement is described in chapter 7.  The proposed framework is presented in chapter 8, and 
its evaluation and early validation are described in chapter 9.  A software tool developed to support the 
usage of the SPI model is described in chapter 10.  Finally, conclusions and future work are discussed in 
chapter 11. 

2 Background 

Within this chapter, the general aspects of the related work that motivated the thesis project are described.  
In the first place; the OMM is described. It is important to remark that OMM has been developed by a 
group of researchers [4] within the QualiPSo consortium [15] in order to build trustworthiness in FLOSS 
projects.  The research performed within this thesis project attempts to promote and guide OMM usage in 
SPI initiatives.  The following part of this chapter describes SPI related studies that motivated the 
Research Questions driving the thesis project.  Those Research Questions are listed at the end of the 
chapter. 

2.1 OMM presentation 
Software industry is constantly going through an evolutionary stage: Globalized economy and innovation 
drive changes in the way software is conceived developed and used.  FLOSS projects are a good example 
of this situation where distributed communities develop software products that are free to modify and use  
[2].   

Quality measures have been defined to increase software trustworthiness.  Software development 
processes have been the focus of quality implementations on towards to assure that the software 
production is properly controlled in order to produce better software products.  Software Processes 
assessments are usually expensive in terms of time and money. Those evaluations generally require a 
sophisticated organizational structure suggesting an “ideal environment” of a big company.    

Software business model has been changing, and now it is more often that companies adopt or integrate 
FLOSS to their services or products [1].  This situation has increased the attention that Software industry 
and even other markets are giving to FLOSS.   

Nowadays, FLOSS development is taking an important role in Software Industry’s scenario: The 
integration, usage and development of FLOSS is wide spread across different kind of organizations of 
different size.  From small companies trying to fit their budgets to governments like the Brazilian which 
encourages the usage of FLOSS products as a national policy, FLOSS has been demonstrated to fit 
different scenarios.  Nevertheless, it is still needed to evaluate the quality of FLOSS production processes 
and FLOSS products in a formal way using models like  the CMMI model developed by the Software 
Engineering Institute (SEI).  

It is in this context that comes the definition of OMM, which is intended to build trust in the production 
and usage of FLOSS.  OMM has been defined within the QualiPSo consortium, an initiative funded by 
the European Commission as part of the Information Society Technologies initiative. [4][15]  OMM is a 
CMMI-like model shaped by the characteristics of FLOSS production.  It is based on specific practices of 
CMMI levels two and three and on the definition of trustworthy elements that  characterize three different 
levels of FLOSS processes production maturity.  This model is intended to be used by organizations that 
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integrate FLOSS as part of their business and by FLOSS producers in order to fulfill the requirements of 
integrators and users. 

Maturity Levels 

OMM states three maturity levels defined in terms of trustworthy elements (TWEs), each of them related 
to a general goal that is fulfilled by the implementation of  a set of the related practices also stated by the 
model.  In order to clarify the purpose of each TWE, the purpose is expressed in terms of specific goals 
that classify the set of related practices. The following description of OMM maturity levels is based on 
the definition presented by Wittmann et al. [4]. 

Basic 

This maturity level defines the minimum requirements to build reliable FLOSS.  Some of these 
requirements are mapped to CMMI level 2 process areas.  An important characterization of this level 
within the FLOSS context is the inclusion of Licenses as part of the trustworthy elements to consider in 
the evaluation.  The TWEs included in OMM Basic level are shown in Table 2-1 

 

OMM Basic Level 
PDOC Project Documentation 
STD Use of Established and widespread standards 
QTP Quality of the testing process 
LCS Licenses 
ENV Technical environment (Tools, OS, Programming Language, 

Dev. Environment) 
DFCT Number of commits and bug reports. 
MST Maintainability and stability 
CM Configuration Management. 
PP1 Project Planning part 1 
REQM Requirements Management 
RDMP1 Availability of a Road map 

Table 2-1 OMM Basic level 

Intermediate 

The intermediate level is based on the achievement of the Basic level and the inclusion of some process 
areas of CMMI levels 2 and 3..  Table 2-2 shows the TWEs defined for this level. 

 

OMM Intermediate Level 
RDMP2 Use of the Roadmap 
STK Relationship between stakeholders 
PPQA Process and Project Quality Assurance 
PMC Project Monitoring and Control 
TST1 Test part 1 
DSN1 Design part 1 
PP2 Project Planning part 2 

Table 2-2 OMM Intermediate level 

Advanced 

The highest level of OMM is a result of complementing and evolving from the TWEs defined in the 
intermediate level.  The practices of this level represent some of the practices defined by CMMI level 3.  
The corresponding TWEs are listed in Table 2-3. 
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OMM Advanced Level 
CONT Contributions 
RASM Results of 3rd party assessments 
REP Reputation 
PI FLOSS Product Integration 
DSN2 Design part 2 
RSKM Risk Management 
TST2 Test part 2 

Table 2-3 OMM Advanced level 

 

Assessment Scenarios 

According to Wittmann et al .[4] OMM is meant to be used in two different scenarios.  The first one 
refers to processes of FLOSS integration where OMM can be used by system integrators in order to 
assess and select FLOSS projects to be integrated into other systems.  Within the same scenario OMM 
can be used by FLOSS communities to meet integrators expectations.  In this case, OMM is meant to 
provide a measurement of quality and trustworthiness requirements for FLOSS projects.  The second 
scenario where OMM assessment can be used refers to the processes of FLOSS production.  In this case 
the evaluation of FLOSS development processes using OMM is meant to provide relevant TWEs to 
effectively conduct different phases of FLOSS development.  

The SPI model presented in this research is meant to be suitable in both scenarios: when FLOSS 
communities want to meet integrators expectations and when FLOSS development processes are subject 
to evaluation and improvement.  The model is also meant to be used by SMEs integrating or developing 
FLOSS that want to improve their current development practices. 

2.2 CMMI 
Since the OMM has been defined based on CMMI which is a point of reference of several process 
improvement programs, this sections describe in general terms what CMMI is.  The Capability Maturity 
Model Integration (CMMI) [16] was developed by the Software Engineering Institute (SEI) in order to 
provide a guideline on best practices to guide process improvement within organizations, projects or 
divisions.  It is defined in terms of Process Areas, Goals and Practices where every Process Area is 
analyzed in terms of a set of goals to be achieved and each of them has a set of best-practices that when 
implemented are meant to foster the goals achievement.   

CMMI provides some degree of flexibility on its implementation that is defined in terms of two different 
representations: Staged and Continuous.  The former has been designed in order to provide a global 
improvement across all the process area of the organization; it defines the order on each process area 
should be addressed in an improvement path in order achieve a determinate Maturity level.  The latter is a 
process-oriented approach that focuses on improving one particular process in order to achieve a 
determinate Capability level.   

Capability and Maturity levels are defined as the evolutionary path that defines and guide the 
improvement programs.  An appraisal method (SCAMPI) has been also established by the SEI in order to 
identify and certify the maturity or capability level achieved by an organization or process area.  The 
description of the CMMI levels is provided by Table 2-4. 
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Level Continuous Representation  
Capability Levels 

Staged Representation 
Maturity Levels 

Level 0 Incomplete N/A 
Level 1 Performed Initial 
Level 2 Managed Managed 
Level 3 Defined Defined 
Level 4 Quantitatively Managed Quantitatively Managed 
Level 5 Optimizing Optimizing 

Table 2-4 Capability and Maturity Levels 

It is important to mention that CMMI is the product of the evolution of its antecessor CMM (Capability 
Maturity Model), which was developed until 1997.  The first version of CMMI (Version 1.1) was released 
in 2002; Version 1.2 was released in 2006 and version 1.3 has been planned to be released at the end of 
2010. The version of CMMI used for software development industry is CMMI-DEV. 

2.3 SPI related studies 
The formulation of the Research Questions guiding this research was done after considering some 
particular aspects from SPI related literature gathered as a result of the two years European Master 
Program in Software Engineering (EMSE).  The major remarks from those selected papers are presented 
below. 

Software Process Improvement has been subject of many studies.  It has been recognized by The 
Software Engineering Body of Knowledge SWEBOK [17] as part of the Software Engineering Process 
area.  Improvement of Software Processes cannot be achieved without re-organizing and changing 
existent software development practices; hence, considerations regarding the inherent difficulties of 
changing are an essential aspect for SPI successful and effective initiatives. Mathiassen et al. [18] discuss 
how change impact of SPI implementations and organizational characteristics and context must be 
considered to provide actual benefits to organizations.  In the study of Alison and Merali [19] SPI is 
presented as emergent rather than a deterministic activity considering an Organizational Learning 
perspective.  SPI can be seen as a negotiated process of change that is developed from the relationship 
between people and their context.  The influence of individuals on SPI is taken into account in terms of 
their facilitation or resistance to the change. The authors state that by highlighting  the enabling and 
constraining features of the context, the way actions are shaped and reproduced can be understood. This 
study shows how enacted processes do not always follow defined ones; the actions reinforce or alter their 
context, and change occurs gradually with negotiated practice and shared learning instead that as a 
transparent consecution of planed activities.  SPI implementations are likely to fail if change introduction 
and its impact is underestimated by assuming it would be fast and easy. 

The importance of SPI management as a continuous change is also highlighted by Lumsden and. Strigel 
[20], where a typical difficulty related to the effective adoption of an SPI model-oriented program is 
presented.  This refers to the common misconception of treating a particular stage or Maturity Level (in 
the case of CMMI) as the main objective of SPI programs instead of using them as the tools to achieve 
actual improvement of the current practices.  The perception of model-oriented SPI programs as burden 
processes full of bureaucratic activities that bring more complications than solutions because of the lack 
of consideration of situational aspects is also identified in [19]. 

Besides change implications, it is also important to acknowledge other aspects that characterize different 
Software Organizations and hence influence the direction of SPI programs on them.  The importance of 
Organizational Size and Business Goals is presented and contrasted by Lumsden and Strigel [21]; Even 
though the authors present different points of view in terms of the degree of influence of these two 
aspects when implementing SPI in Software Organizations, the overall relevance of both is remarked. 
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Particular attention on the characteristics of SMEs was taken in consideration on the 24th volume issue 1 
of IEEE Software in 2007 [6]. One of the most challenging situations for these companies is that usually 
they do not have the resources to conduct expensive SPI programs and certifications, they have to look 
for other alternatives in order to survive to a changing economy remaining innovative and competitive.  

The influence of social aspects on SPI programs has been also acknowledged on different sources.  
Umarji and Seaman [22] propose the consideration of not just SPI-related but organizational, personal and 
socio-psychological factors to predict SPI acceptance and success.  The impact of cultural issues and 
organizational policies on SPI effectiveness measurement results is identified by Jakob and Ojelanki in 
[23]. Different drivers of commitment and their impact on SPI implementations are studied by 
Abrahamsson and Libari in [24].  The social consideration regarding SPI leads to acknowledge that 
Software Process Improvement needs to be addressed taking into account how people’s skills, interaction 
and habits can be managed to facilitate SPI initiatives.  It is because of this that Knowledge Management 
domain has been involved within the Research Questions that drive this thesis project as a possible guide 
on tackling SPI related issues. 

2.4 Research Questions 
From the main points of the presented studies, the Research Questions listed below were formulated in 
order to guide the evolution and development of this research.  The motivation of this thesis project is 
reflected in the research questions and their relationship:  The study of the way SMEs are addressing SPI 
and CMMI implementations is meant to provide an idea of how OMM can drive SPI initiatives taking 
into account known difficulties; from this study an SPI model that also provides recommendations to 
mitigate such issues will be proposed taking into consideration Knowledge Management approaches that 
can foster SPI. 

RQ1. What practices are currently used to implement SPI in SMEs? 
 

RQ2. How has CMMI been implemented in SPI programs for SMEs? 
 

RQ3. What are the difficulties and potential resistance issues of SPI in SMEs? 
 

RQ4. How to manage the difficulties of implementing SPI in SMEs from knowledge management 
perspective? 
 

RQ5. What activities can be performed in order to fulfill the different maturity levels in OMM? 

 

The description ad justification of the research methods selected to answer these research questions is 
presented within the next chapter. From chapter 4 to 7 the description of the corresponding activities 
performed to answer research questions RQ1 to RQ4 is detailed.  Chapter 4: SPI in SMEs  is the one 
where research question RQ1 is answerd.  The answer to research question RQ2 is found in Chapter 5: 
CMMI implementation in SMEs.  Chapter 6: Issues affecting SPI: Challenges for SMEs answers research 
question RQ3.  Knowledge Management approaches used to assist SPI implementations are presented in 
chapter 7: Knowledge Management and SPI.  The answer of research question RQ5 is divided between 
chapters 8 and 9: The proposed SPI Model and Model evaluation and validation respectively. 
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3 Research Methodology 

In order to answer the Research Questions described before, this study has been conducted as summarized 
in Table 3-1.  As it is shown in this table, and with the aim to  gain a wide understanding of the state of 
the art in the different topics covered by the project, four different literature reviews have been conducted.  
This chapter is meant to provide details on the reasons why the research methods indicated in Table 3-1 
were chosen.  It is important to take into account that this research project is subject to the timeframe of 
the last semester of the European Master in Software Engineering, which has designated a seven months 
period to plan and develop the thesis project.  The results of using the selected research methods for 
answering each question are presented in the next chapters, where at the beginning of each chapter the 
corresponding research question is referenced. 

The validation mentioned in the step S5.4 of  Table 3-1 was not initially considered within the scope of 
the thesis project because SPI initiatives require long term implementations that are not compatible with 
the time given for the thesis project undertaking .  Nevertheless, as it is explained in chapter 9, during the 
evaluation of the model it was suggested to implement a tailored validation in order to get practitioners’ 
impressions.  Since this activity was planned and executed as the result of the evaluation of the SPI 
model, it is shown in italics. 

RQ Steps Research Method 

RQ1 S1.1 – Identify current practices to implement SPI in SMEs by 
analyzing previous studies.  

Literature review 

RQ2 S2.1 – Identify how CMMI has been implemented in SMEs.  Literature review 

RQ3 S3.1 – Identify different issues affecting SPI initiatives in SMEs 
reported in previous case studies. 

S3.2 – Validate the findings of the previous step according to 
practitioners point of view using a survey. 

Literature review, 
survey. 

RQ4 S4.1 – Study different approaches to deal with the identified 
issues from knowledge management perspective. 

Literature review. 

RQ5 S5.1 – Identify activities to fulfill OMM practices taking into 
account the previous results.  

S5.2 – Definition of an SPI model that joins the previous 
findings.  

S5.3 – Evaluation of the proposed model. 

S5.4 – Validation of the proposed SPI model with practitioners 

Qualitative and 
quantitative analysis of 
previous results and 
studies, Focus group, 
Exercise. 

Table 3-1 Research Methodology 

As it is shown in Table 3-1, the research methodology conducts to answer each of the research questions 
and finally define and propose the SPI model described in Chapter 8; this model is the major outcome of 
the thesis project and it is intended to assist SMEs in SPI implementations.  The interrelation between the 
research questions, the selected research methods and the corresponding steps in order to build the final 
outcome is illustrated in Figure 3-1. 



 

 

Figure 3-1 Internal structure and interrelation of the theses activities

3.1 Justification of the 
The planning and execution of the activities within any project are subject to different aspects that 
determine the way the project can be conducted.  The analysis of alternatives regarding the selection of 
methods to reach the goals of this
time.  

Validity threats were considered in the analysis of different methods.  A detailed description of different 
validity threats is given by Wohlin 
regarding the validity threats related and the project characteristics are described  in the following 
subsections.  Nevertheless, it is important to state that further 
the results of the project (the proposed model)
chapter 9. 

3.1.1 Literature reviews versus other methods

Literature reviews are recognized by Dawson 
context and providing an initial point of reference for further improvements.  The author makes the 
distinction between the concepts 
literature survey. According to the author, the former refers to the different activities to look for, organize 
and manage the research sources and the latter is the conjunction of an
conceptualization and presentation of findings.  Within this document, the concept 
managed as Dawson describes literature surveys: comprehending both the literature search and the 
literature review.  This has been
the survey that is described in chapter 

Literature reviews were chosen as the main research method to build the theoretical background of the 
SPI model proposed as the main result of this project.  Nevertheless, it is important to state that a wider 
time frame would make it possible to use other empirical methods to support the findings from literature 
reviews.  Such methods are case studies and surveys and 

Case studies, as presented by Wohlin 
strategy allows to consider and focus on a particular characteristic (or 
project develops and regular activities are performed.  As a result of the observation, the researcher has 
gathered data related to the subject of study for further  investigation and analysis.  Even though the level 
of control is low, because it is a mainly observational activity
variable in a real context.   
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methods to reach the goals of this project was necessary in order to assure the quality of the results within 

Validity threats were considered in the analysis of different methods.  A detailed description of different 
validity threats is given by Wohlin et al. [25]. The  alternatives taken into account  and the considerations 
regarding the validity threats related and the project characteristics are described  in the following 
subsections.  Nevertheless, it is important to state that further discussion on the validity threats related to 
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that is described in chapter 6. 
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gathered data related to the subject of study for further  investigation and analysis.  Even though the level 
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Because of the objectives of this particular project, case studies were initially evaluated as the research 
method to find the answers of research questions RQ1, RQ2 and RQ3.  In each case, an observational 
study could help to identify and analyze the SPI strategies implemented by SMEs, the way CMMI is used 
in SMEs and the issues affecting SPI programs respectively.  It is important to acknowledge that one case 
study oriented to analyze these different attributes could provide, to some extent, answers to the 
corresponding research questions.  Nevertheless, one case study represents a threat to external validity, 
which means that its result might not be meaningful outside the scope of the monitored project. In other 
words, one case study is not likely to provide results that can be generalized for other contexts different 
from the setting of the followed project.  In order to mitigate this threat, the elaboration of different case 
studies could help to provide results that can be compared and further generalized.  Nonetheless, low 
statistical power represents a significant threat to the validity of the conclusion obtained by analyzing 
different case studies if the number of them is not high enough.  This means that the significance of the 
results from analyzing a small sample of case studies is subject to the amount of data to be compared. 

This situation points out that the time needed to organize and perform the corresponding case studies was 
in conflict with the total time designated to the research project.  It is also important to state that the 
answers of research questions RQ1, RQ2, RQ3 and RQ4 provide the foundation to build the SPI model 
that is the main objective of this project.  This means that besides the time needed to build the foundation 
of the model, the most important effort still corresponds to the elaboration of the model itself.  This is the 
reason why literature reviews were chosen to answer research questions RQ1, RQ2, RQ3 and RQ4.  
Literature reviews provide the flexibility to be performed within the timeframe of the project at the same 
time that multiple inputs are analyzed to build the theoretical foundation of the SPI model presented in 
chapter 8.   

Another particular consideration worth mentioning was made regarding Surveys.  Surveys, as presented 
by Wohlin et al. [25], provide an useful method to gather information from experiences.  Surveys are 
useful when a general understanding of a population is needed, the configuration of a survey allows to 
obtain information from a sample representing the population of interest.  As described by Wohlin et al. 
[25], surveys have one of three purposes: Descriptive, Explanatory or Explorative.  Descriptive surveys 
allow to identify characteristics on the population of interest. Explanatory surveys provide the reasons a 
population behaves in a certain way; in comparison with descriptive surveys that provide assertions about 
the population, explanatory surveys can provide a reason why those assertions exist. On the other hand, 
explorative surveys allow to identify important issues to be considered within a research. 

In the particular case of research question RQ3 (related to finding issues affecting SPI programs), the 
results of the corresponding literature review presented in chapter 6 were further analyzed regarding the 
degree of impact of the issues by performing the survey presented in the same chapter and included in the  
Appendix A.  The purpose of this survey was descriptive in terms of the issues affecting SPI: The survey 
allowed to identify the importance of the given issues confirming its existence.  The reason of appearance 
of each particular issue was not meant to be explained by the survey.  Further conclusions obtained from 
the survey, which reaffirm its descriptive nature, are presented in chapter 6.  Nonetheless, the survey 
allowed to explain, in terms of the issues, the particular assertion (taken as an initial assumption) that SPI 
initiatives are difficult to implement.  Because of this reason it can be said that the survey had also, to 
some extent, an explanatory purpose.   

3.1.2 Evaluation and Validation alternatives 

The proposed SPI model is the main outcome of this research project.  Because of the time constraints of 
this thesis project and the nature of SPI programs it was out of the scope to test the model within an 
industrial context during the execution of an entire SPI program.  Instead of that, other mechanisms were 
considered to provide feedback on the model, improve it and validate the results.  
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Wohlin et al. [25] provide a clear description of different settings for experiments designed to test the 
treatment (solution) investigated within a research project.  As the authors indicate, experiments are a 
formal method of investigation that gives (and requires) the researcher a high level of control on the 
circumstances surrounding the testing of different treatments.    

In the particular case of this research project, experiments were considered to be used to achieve  the 
goals presented in Table 3-2.  These goals were defined following the template proposed by Wohlin et al. 
[25].  The perspective and for all the goals is given by the researcher’s point of view, who would have the 
responsibility of analyzing and interpret the corresponding results.  Table 3-2 shows the potential context 
where the corresponding experiments could be set-up. This indicates that 6 different experiments (each 
context indicates a different experiment) were considered to be undertaken to support this research, but 
because of time constraints and the scope of the project other alternatives had to be evaluated in order to 
achieve the presented goals. 

 Goals to achieve 
 

Potential contexts 

G1 
Analyze the proposed Knowledge Management Strategies for the purpose of 
characterize the model structure with respect to their effectiveness tackling 
the different issues affecting SPI initiation.  

• Software project 
managers 

• Practitioners 

G2 
Analyze the proposed SPI model for the purpose of evaluate and eventually 
improve its structure with respect to its usability. 

• Researchers 
• Practitioners 

G3 
Analyze the proposed SPI model for the purpose of evaluating it with 
respect to its effectiveness fostering the initiation and conduction of SPI 
programs. 

• Software project 
managers 

• Practitioners 
Table 3-2 Experiments consideration: Goals to achieve 

3.1.2.1 Alternatives for achieving goal G1 

The analysis of the Knowledge Management Strategies (KMS) (G1 in Table 3-2) was performed 
internally by the researcher during the qualitative analysis of results provided by the survey and the 
different literature reviews.  This was done taking into account her experience and point of view as 
former practitioner with 3 years of experience as software process responsible and later project manager 
within a small software company. This decision was made because setting up the corresponding 
experiment to evaluate the 16 KMS with respect of each of the 17 selected issues part of the model is time 
demanding activity that would be out of scope of the project in terms of time.  It is important to say that 
this project was developed without any sponsorship of a particular company willing to take part of 
experimentation activities.  Because of this, the risk of not getting a sufficient number of participants 
willing to test different sets of the 272 different possibilities (16 KMS × 17 issues) was high, even if just a 
generalized context of practitioners was used. 

3.1.2.2 Alternatives for achieving goal G2 

The evaluation of the usability of the model (G2 in Table 3-2), was performed within the context of 
researchers.  Because of the number of participants gathered (3 researchers) to perform the activity and 
time constraints, the initial idea of performing an experiment was transformed into a focus group session 
meant to achieve the same goal.  The description of the focus group session planning, development, 
results and related validity threats is provided in chapter 9.  Nevertheless, to give an idea of how the 
experiment could be performed (even for future evaluations), a proposed pair comparison design 
following the methodology proposed by Wohlin et al. [25] is presented in Table 3-3, where the numbers 
in each cell correspond to the random order in which the treatments would be applied to a group of n 
subjects.  This design is suggested given that it would allow to the subjects to provide feedback based on 
their experience of both treatments. 
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Subject T0 
Proposed 

Model 

1 1 2 
2 2 1 
3 2 1 
… 1 2 
n-1 1 2 
n 2 1 

Table 3-3 Proposed experiment design for G2 

In the case of the experiment design shown in Table 3-3, T0 corresponds to the treatment to be compared 
with the proposed model.  T0 consists on using the same principles of the proposed SPI model, but 
without the arrangement given by the proposed model.  In more detail and to give an example, for the first 
phase of the model there could be given two separated lists containing the KM strategies and the issues 
affecting SPI instead of the matrix presented by the model in Table 8-4.  The relationships between the 
two lists could be expressed in a written mode instead.  Further additions/variations to T0 could help to 
achieve this goal always with respect to the model’s usability.  Some examples are listed below1.   

� Not providing a list of examples of SPI objectives in phase II. 
 

� Use of a different prioritization technique for SPI objectives, business requirements and OMM 
goals in phase II asking the subject to achieve the same result (i.e., a list of prioritized OMM Goals 
according to its relationship with SPI objectives and business requirements).   
 

� Use two separated list of OMM goals and KMS presenting the relationships in a written mode 
instead of the matrix presented in Table 8-9, Table 8-10 and Table 8-11.  

 
The particular experiment design presented in Table 3-3 implicates a threat to the internal validity. The 
maturation (positive or negative) of the subjects after using one of the treatments could have an effect 
when taking the other treatment.   

3.1.2.3 Alternatives for achieving goal G3 

Regarding the evaluation of the model with respect to its effectiveness (G3 in Table 3-2), the related 
experiment corresponds to a general validation of the model within an industrial context, which would 
provide and ideal scenario to test the model.  As it was said before at the beginning of this chapter, that 
validation was not initially considered to be done within the scope of the thesis project.  Instead, a 
validation session was performed in order to achieve the corresponding goal keeping the activity within 
the project scope.  The planning, execution, results and validity threats of this validation session are 
presented in chapter 9.   

Despite the fact that the ideal experiment within an industrial context was not performed, a general idea 
of the way it could be designed is presented in Table 3-4.  It is important to highlight that in order to 
perform such an experiment it would be necessary to gather a set of subjects (in this case a subject is a 
software-SMEs) willing to initiate an SPI program.  The selection of the other SPI models to be used as 
alternative treatments (AT1, …ATn)  is constrained by the number of subjects participating in the 
experiment. Chapter 4 provides an introduction to some SPI models used by SMEs that could be used as 
alternative treatments for the execution of this experiment.  The experiment design presented bellow in 
Table 3-4 corresponds to a randomized design as proposed by Wohlin et al. [25], where each subject is 
assigned to only one treatment.  Different from the experiment design proposed for G2, in this situation it 
is not logical nor practical to apply all the treatments on all the subjects. 
                                                           
1 Note that for understanding what these variations refer to, the proposed model presented in chapter 8 
should be seen before. 
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Subject AT1 AT2 AT3 … ATN 
Proposed 

Model 

1 x      
2    x   
3  x     
…     x  
n-1      x 
n   x    

Table 3-4 Proposed experiment design for G3 

Another more practical way to evaluate the effectiveness of the model, is to conduct one or more case 
studies following the SPI program in order to observe the use of the model and the help provided by it 
during an actual SPI program.  Case studies can help to gather more data regarding the details of the 
model implementation under different circumstances, this can provide valuable inputs for further 
improvements of the model.  Conducting a reduce number of case studies would still represent a threat to 
the external validity of the model, but it would still represent and advantage from the validation session 
described in chapter 9.  Yet another alternative to achieve the goal G3 in future evaluations is to 
reproduce the validation session described in chapter 9 with a higher number of participants.  

The eventual use of a descriptive survey would help to obtain information about the population 
experiences and impressions after using the proposed SPI model.  This particular research method can 
allow to improve the conclusion validity of the results obtained from the model evaluation.  

3.2 Validity threats related to the chosen research methods 
The presented comparison of research methods alternatives to answer each of the research questions 
considered the validity threats of the methods that were not selected. This section points out the validity 
threats related to the theoretical foundation of the project.  The validity threats related to the evaluation 
and validation of the proposed model are discussed in chapter 9. 

3.2.1 Literature Reviews 

The literature review process, as it is presented further within this chapter, was undertaken by the author 
each time.  Given that this is an individual project, there is a threat to the construct validity related to the 
selection of findings on each literature review.  The mono-method bias described by Wohlin et al. [25] 
regarding Construct validity is present in the outcomes of the literature review process.  In other words, 
the use of a single type of observations (made by the same person) when selecting the different papers to 
include in the analysis and evaluation risks the significance of the selected set.  Because of this reason it 
is possible that papers that are important for the knowledge domain areas under study had been left out of 
the selection.   

An important aspect of literature reviews as the chosen method to support the major theoretical 
foundation of the proposed SPI model is that they increase external validity of the findings.  Literature 
reviews allow to analyze the results of case studies done in different countries, proposals of different 
authors and experiences of different practitioners and researchers.  This increase of the external validity 
cannot be granted by a single case study, given that the results are located to the particular context of the 
observed project. 

Finally, it is important to state that the literature review process was designed in order to make the best 
possible selection of papers.  Furthermore,  reproductions of the literature review process on each case 
can be done using the same string queries presented from chapters 4 to 7 on the same databases taking 
into account the dates mentioned on each chapter.  This allows further cross-checking of the selected and 
presented papers.  
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3.2.2 Survey 

As it was pointed out before, the descriptive survey chosen to validate the findings related to the issues 
affecting SPI initiation in SMEs allowed to increase the significance of the results and the conclusion 
validity.  When the survey was selected as the research method to validate those findings and identifying 
the priority off the different issues affecting SPI, it was considered the possibility of a threat to the 
construct validity related to the evaluation apprehension that the participants might experience when 
talking about the problems they have had when conducting SPI programs.  It was initially thought that 
many participants would not be willing to acknowledge the problems that might had caused failures in the 
past.  Because of this reason, the survey was design in an anonymous way so participants could feel free 
to mention their problems.  An optional field to write their e-mail address in case they wanted to know 
further results of the research project was anyway given.  The results of the survey, detailed in chapter 6, 
indicate that people were not reluctant to mention their experienced issues after all.  

The use of the survey also allowed to count with a wider group of participants from different countries 
and with different roles within the software engineering field .  This characteristic adds heterogeneity to 
the sample of participants, which granted a higher external validity to its results.   

3.3 Presentation of literature reviews within this project 
The literature reviews performed within this research project follow the process summarized in Figure 
3-2.  The refining of search queries was done only in the cases where the set of  hits retrieved by the 
database was too big or evidently irrelevant; e.g., papers related to natural science, chemistry or other 
knowledge area outside of the scope of the research. In each chapter related to a literature review (From 4 
to 7), the search queries, databases explored, the corresponding the number of hits retrieved and the 
number of papers resulting from the preliminary selection (i.e., scanning of titles and descriptors) is 
detailed.   

Nonetheless, at the beginning of each chapter related to a literature review (From 4 to 7), the process 
shown in Figure 3-2 is described. The discussed papers presented  and referenced on each chapter 
correspond to the final selection resulting from reading (analysis and evaluation of findings in Figure 3-2) 
the papers that were previously selected because of their abstract and conclusions.    
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Figure 3-2 Literature Review process  
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4 SPI in SMEs 

This chapter is meant to answer the Research Question RQ1: What practices are currently used to 
implement SPI in SMEs?.  In order to answer this question a literature review was performed in April 
2010 to discover major findings related to SPI in SMEs.  The consulted databases, queries and results are 
shown in Table 4-1.  In the case of Query LR1.Q1 MetaLib, a search engine provided by the library of 
The Free University of Bozen, was used to perform the search at the same time in two databases, the 
combined results are organized by relevance by MetaLib and from those just 6 were selected. From the 
list of hits returned by the databases, the selection of articles was made according to the title and 
descriptors, further filters were applied to that result by reading the abstracts, and when more information 
was needed also the conclusions were taken into account.  A detailed description of the process followed 
in order to perform this literature review and the ones described in the next chapters was presented in 
Chapter 3.  The selection of the articles that are referenced within this chapter was made according the 
result of that process. 

Within the results of this literature review there were many papers that despite of being related to SPI 
were not addressing it from SMEs perspective, and many articles that appeared in more than one query 
result set.   

The query string was made as “flexible” as possible in order to get increment the number of results 
relating SPI with SMEs.  Since SMEs can be mention in several ways (e.g.,. Small organizations, SMEs, 
small enterprises, small groups, small teams, etc.) , just the word “Small” was left in order to cover as 
many variations of the term as possible. 

ID Query Database Hits 
Preliminary 

Selection 

LR1.Q1 
 

SPI or "Software Process Improvement" 
AND Small 

ACM Digital 
Library 

76 

6 Lecture notes in 
computer science 
(SpringerLink) 

21245 

LR1.Q2 
SPI or "Software Process Improvement" 
AND Small 

web of science 205→ 50 15 

LR1.Q3 
SPI or "Software Process Improvement" 
AND Small 

IEEE Xplore 112 19 

LR1.Q4 
SPI or "Software Process Improvement" 
AND Small 

Science Direct 2954 →282 5 

Total 21765 45 
Table 4-1 Literature Review 1 - SPI in SMEs 

A particular issue from the results of LR1.Q1 is that MetaLib retrieved a high number of results from 
SpringerLink (21245).  Regardless of this and because the results are ordered by relevance, it was 
possible to select just 6 articles from the big set of hits.  After the first 50 results, the relevance of findings 
and the relation with the subject was sharply decreased.  For queries LR1.Q2 and LR1.Q4, the initial 
search query was modified to narrow the results according to the database characteristics. This caused a 
decrease of the hits obtained by the query as shown in the hits numbers (i.e., from 205 to 50 for LR1.Q2 
and from 2954 to 282 for LR1.Q4).  The enhancements are shown in Table 4-2. 
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ID Detailed Refinement  

LR1.Q2 

Refined by: Subject Areas=( COMPUTER SCIENCE, SOFTWARE ENGINEERING OR 
COMPUTER SCIENCE, THEORY & METHODS OR BEHAVIORAL SCIENCES OR 
COMPUTER SCIENCE, INFORMATION SYSTEMS OR COMPUTER SCIENCE, ARTIFICIAL 
INTELLIGENCE OR COMPUTER SCIENCE, INTERDISCIPLINARY APPLICATIONS OR 
INSTRUMENTS & INSTRUMENTATION OR INFORMATION SCIENCE & LIBRARY 
SCIENCE OR MANAGEMENT OR ENGINEERING, ELECTRICAL & ELECTRONIC OR 
ENGINEERING, MANUFACTURING OR ENGINEERING, MULTIDISCIPLINARY ) 

LR1.Q4 
AND LIMIT-TO(topics, "software,computer science,theoretical computer,iso,project management, 
ieee, operational research") 

Table 4-2 Literature Review 1 – Refined Query strings 

It is important to state that some of the findings corresponding to this literature review appeared also in 
other result sets obtained in some of the literature reviews within this research described in further 
chapters; the final description of results within each chapter corresponds to the articles that are represent 
better the topic of the chapter.  In a similar way, in further searches new findings related to SPI in SMEs 
were retrieved; those are described within this chapter in order to ensure cohesion and coherence. The 
papers that are described below correspond to those from the 45 initially selected that were still 
considered, after reading the abstract and conclusions, to be finally analyzed and completely read.  The 
rest of this chapter presents the most relevant results found in that final set of articles related to the 
answering of Research Question RQ1. 

Most of the found studies addressing SPI in SMEs correspond to case studies and lessons learned from 
different SPI implementations following well-known or newly-proposed models. Tosun et al. in [27] 
present the case of a Software development company working within health care industry domain in 
Turkey.  The study highlights the main issues and challenges of this company to implement an SPI 
initiative.  The authors assessed software quality by using specific practices and goals of CMMI Maturity 
Levels 2 and 3. In order to assess the company the authors interviewed the staff and customers, they also 
gave some training sessions.  The requirements and change management processes were selected as the 
most critical areas, hence the first to be addressed by SPI.  From their study, the abstracted best practices 
are:  Open interviews and training, Persistency and patient and bottom-up ownership of processes with 
management support.  The major difficulties seen by the authors were: underestimation of project 
planning, internal resistance, not using tools, lack of segregation of duties (e.g., one person had too many 
responsibilities).  They present the improvement results comparing before and after timing and practices 
in:  Handling requirements, Requirements analysis, documentation, standardization, organizational 
policies, procedures and plan templates.  The authors remark the lack of awareness of the staff regarding 
the effort required to perform SPI activities, which indicates that practitioners seem to underestimate the 
impact and magnitude of SPI programs.  In particular, this last aspect regarding organizational awareness 
has been taken into account in the SPI model proposed and presented in chapter 8. 

In the case study presented by Kautz et al. [28] a tailored IDEAL model is used on a small software 
company to guide an SPI initiative in a 10 weeks project.  The IDEAL model, presented by MacFeeley 
[29] guides Software Process Improvement realization by 5 consecutive phases: Initiating, Diagnosing, 
Establishing, Acting and Leveraging.  The authors of. [28] recommend to adjust the model to the 
particular conditions of the organizations and to perform SPI actions as small projects; this way SPI long-
term projects can be easier to manage.  They also state the potential usage of IDEAL to guide 
organizational change strategies by considering the significant factors of each company 

Another use of IDEAL in a tailored fashion to support circumstances of SMEs is proposed by Casey and 
Richardson in [30]. In this case IDEAL was used as the paradigm to guide SPI implementing a tailored 
CMM.  The tailored versions pursue maximum value for money, maximum effect in as short time as 
possible and fast Return of Investment (ROI).  The authors accentuate the importance of a clear 
understanding of why the improvement initiative is undertaken in order to gain commitment.  They state 
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that tailoring allows to make improvements very early without losing motivation.  Nevertheless, this 
study remarks the fact that the tailoring of a model (IDEAL, CMM or any other), must be done according 
to particular companies situation.  By suggesting the use of IDEAL it is highlighted that even though 
models like CMM provide the template of process and practices to implement, that is not enough; it is 
also good to use a framework, in this case IDEAL,  to guide and support the way such SPI 
implementations are undertaken. 

Montoni et al. [9] proposed the MPS model, a process model based on the Brazilian SMEs context and 
needs.  MPS is designed to assess and guide SPI in small settings.  It has three main parts: MPS 
Reference Model, MPS Assessment Method and MPS Business Model.  The reference Model is defined 
in terms of 7 maturity levels from A to G, where G is the most immature one.  This model is part of a 
framework (TABA workstation) supported by tools in order to reinforce the processes adoption in the 
companies using it.  This case presents the importance of considering the particular characteristics of 
small settings and the main role that technology can play by supporting processes and model adoptions.  
From this study, the conclusions implicating technology support and the importance of considering the 
characteristics of small settings have been taken into account when designing the SPI model presented as 
the major outcome of this thesis project. 

The context of very small enterprises VSEs (with less than 25 employees), is considered by Habra et al. 
in [31].  The authors present a micro-evaluation model in order to asses and initiate SPI. This model is the 
first part of a staged model where an OWPL[14] assessment would be done followed by a CMMI 
assessment if the assessments results prove it is appropriated according to the current circumstances of the 
company. The micro-evaluation is performed using a one hour interview (can be by phone) with a 
practitioner involved with Software process and quality.  The micro-evaluation results in a diagnosis of 
the situation of the company from 6 axes: Quality management, Customer management, subcontractor 
management, Development and project management, Product management and training and HHRR. That 
grid evaluation allows to measure progress between evaluations.  The authors also identify some common 
characteristics of Software Processes in VSEs:  Unequal maturity levels of processes, simplified software 
life cycle, poorly formalized Quality, uneven project management practices, project oriented practices and 
priorities, difficulties to impose a methodical approach, absence of risk management activities and lack of 
involvement/interest of management in quality issues.  The micro-evaluation presents a simplified low 
cost evaluation that counts with an accurate insight from the most involved practitioner.  Because of being 
a self-assessment, it provides a context-aware option for initiating SPI presented in a simplified 
vocabulary.  Further steps implicate a gradual increase of complexity in the assessments (from self-
assessment to OWPL and finally to CMMI).  

The OWPL model is presented by Alexandre et al. in [14]. The main idea of OWPL is to perform gradual 
assessments, which is meant to save resources from the beginning.  Following the micro-evaluation 
described above, which gives a global initial state from different axes perspectives, the  OWPL model is 
used having the results of the micro-evaluation as first input.  OWPL's structure involves processes, 
practices and Success Factors.  Those are evaluated and defined according to the business objectives of 
the company.  This model emphasizes more on training than on documentation and formalization.  The 
evaluation is made with a selected group of participants that are meant to guarantee the relevance and 
different origins of the  information used.  Two case studies are presented to show the adequacy of the 
approach that proved to be simple and cheap. From this study, it is abstracted the importance of 
preventing excessive bureaucratic tasks, and to consider each particular case as unique according its own 
context. 

An iterative and incremental framework to conduct SPI programs is presented by Scott et al. [32].  In this 
study, the authors highlight the role of continuous learning from projects in order to improve processes.  
This learning is possible and crucial because the activities undertaken within projects represent the 
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defined processes, hence projects are particular instances of defined processes.  In other words, this 
framework differentiates between a project cycle and a process cycle where the execution of projects 
following the defined project management practices occurs in the project level.  The experiences gathered 
from projects are used to improve the general practices stated in the process model, which will guide the 
development of future projects.  This relationship is managed within the process cycle that is defined in 
terms of five consecutive steps: Understand, Process Model, Improve, Process Guide and Measure.  The 
framework was tested in a small Australian company where improvements results were satisfactory and 
further iteration using the framework were being planned.  An interesting lesson from this approach is 
related to the fact that gradual iterations allow to manage complexity of SPI step by step. 

Kuvaja et al. present a tutored Software Process Improvement approach [13].  The authors adopted 
BootCheck, a downscaled reference model for SMEs from the BOOTSTRAP methodology.  The main 
contribution of the authors is the TAPISTRY workshop for guiding the self assessment considered by 
BootCheck, this allows practitioners to solve doubts and develop an SPI specific plan for their 
organization.  The workshop is undertaken in two days by following five steps:  Definition of 
organizational business needs, BootCheck assessment, Improvement goals and priorities definition, 
Process Improvement actions definition and Process Improvement budget and time schedule definition. 
As a result of performing TAPISTRY workshops in several countries, positive results regarding 
practitioners satisfaction by getting concrete results (detailed plans and assessment) were obtained.  From 
this study is important to remark the importance of guidance, definition of goals and priorities for SPI and 
the involvement a person must have in case of performing a self-assessment like BootCheck.  

An analysis of the common circumstances that are faced by SMES is performed by Richardson [33].  In 
her study, she presents the characteristics of an appropriate improvement model for Small and Medium 
Enterprises.  Those characteristics are:  SPI model is related to the company's business Goals, it focuses 
on the most important software processes, it gives maximum value for money, it proposes improvement 
actions that have maximum effects in a short time, it provides fast Return of Investment ROI, it is 
process-oriented, it is related to other software models, it also should be flexible and easy to use and 
finally the model should demonstrate multi-dimensionality by acknowledging and managing change 
effects on different processes.  The Software Process Matrix, an approach addressing these 
recommendations is presented by the author.   

The Software Process Matrix (SPM) is described in a more detailed way by Richardson in [12].  This 
model is inspired in Quality Function Deployment (QFD), and provides a correlation between software 
processes and practices to be implemented according to the status, goals and priorities of each company 
using the model.  Implementation of the SPM in two companies is presented within this study, where 
positive results were achieved in the areas that needed more attention on each company.  This model 
achieves simplicity and effectiveness, allowing to implement small but important changes according to 
priorities given by the context of the company.  The two case studies proved that the model helps to 
identify and implement change actions to improve software processes.  This simplicity and effectiveness 
of the SPM has influenced the structure of the proposed SPI model, that has taken the advantages of 
representation given by matrices in order to guide and prioritize the improvement actions. 

A systematic review on Software Process Improvement in SMEs was undertaken by Pino et al.  [34].  The 
authors identified six different types of improvement proposals along their study, those are: Establish 
software processes, Prioritize SPI efforts, Evaluation of a SPI program, Guidance for SPI efforts, 
Adaptation and use of SPI models/methods and a general category labeled “Others”, where framework 
testing, experiments and different considerations were presented.  

 Within this study, the authors also identified a set of SPI success factors according to the literature 
findings, those are:  Initiation with a simple structure of the SPI model as soon as possible, use of a 
defined guidance for the improvement program,  provide fast ROI and status updates to the organization, 
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look for external financial aid or save resources by uniting efforts with other companies in the same task,   
maximum employee involvement, creation of organizational awareness in order to prevent resistance to 
change, constant tracking and supervision of the SPI progress, conduction of  measurement activities, 
effective communication, managerial commitment and consideration of  technical practitioners’ 
perspective for the improvement. 

From these studies, the question RQ1: What practices are currently used to implement SPI in SMEs?  can 
be answered.  SPI implementations for SMEs require the consideration of different characteristics and 
contextual matters that shape  improvement actions.  The use of tailored models to define the processes or 
to guide the change implementation is one of the ways SPI has been addressed for SMEs; this situation 
proves the fact that it is not likely that a complex model can fit all organizational sizes or situations.  
Another approach is to define specific models for SMEs where gradual improvements can provide faster 
and more effective results.  In both situations the use of guidance is highly important to address the issues 
that really matter for the company implementing the SPI program.  Different authors [12, 14, 31, 34] 
agree on the importance of creating organizational awareness on SPI required efforts and significance and 
on the significance that improvement has when it is related to the goals and needs of the company. 
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5 CMMI implementation in SMEs 

A second literature review was performed in order to answer Research Question RQ2: How has CMMI 
been implemented in SPI programs for SMEs?.  This question was made because OMM is a CMMI-like 
model; hence the study of the practices implementing CMMI can provide an idea of what could be 
tailored for OMM.   

This chapter describes the main findings regarding CMMI implementations in SMEs; but in order to 
answer the question, some CMMI implementation strategies that do not correspond necessarily to SMEs 
are considered.  The literature review was undertaken on April 2010, and the results are summarized in 
Table 5-1.  The query LR2.Q7 was refined as it is shown in the table. The queries LR2.Q1, LR2.Q4 and 
LR2.Q5 were executed using MetaLib, the meta search software provided by the Library at Free 
University of Bozen; this tool performs the search in several databases at the same time and combines the 
results according to relevance.  The use of MetaLib was combined with the direct search on other 
databases in order to make use of the diverse tools offered by the consulted databases.   

ID Query Database Hits 
Preliminary 

Selection 

LR2.Q1 
 

Software process improvement AND 
CMMI 

ACM Digital Library 70 

14 
Lecture notes in 
computer science 
(SpringerLink) 

213 

Web of science 27 

LR2.Q2 
Software process improvement AND 
CMMI 

Science Direct 92 9 

LR2.Q3 
Software process improvement AND 
CMMI 

IEEE Xplore 39 9 

LR2.Q4 SPI CMMI SMEs 

ACM Digital Library 3 

3 
Lecture notes in 
computer science 
(SpringerLink) 

14 

Web of science 0 

LR2.Q5 CMMI and Small 

ACM Digital Library 169 

5 
Lecture notes in 
computer science 
(SpringerLink) 

144 

Web of science 10 
LR2.Q6 CMMI and Small IEEE Xplore 15 1 

LR2.Q7 

CMMI AND Small 
 AND LIMIT-TO(topics, "soft 
ware,project management,system 
engineering,requirement engineering") 

Science Direct 77 0 

Total 873 41 
Table 5-1 Literature Review 2 - SPI and CMMI 

As it was said in Chapter 3, this literature review follows the process that was presented in the mentioned 
chapter.  A first filter was applied over the result sets obtained from each query execution; it consisted in 
the revision of title and descriptors.  After applying this filter 41 papers were selected for further revision 
of their abstracts and conclusions; when the information provided by  reading the abstract was enough to 
include the article the conclusions were skipped.  The resulting papers were read, and the major findings 
coming from the most significant ones are discussed within this chapter. 
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Shen and Ruan [35] present a case study of a small Chinese company using IDEAL to guide an CMMI 
based SPI program.  They highlight the innovative nature of the company that is supported by the open 
practices they have.  From SPI perspective, the authors found the challenge to combine flexibility and 
control without affecting that nature; the  limited resources also represented an issue.  They defined a 
process model from four views: function, product, resource and cooperative. The process adoption was 
supported by the usage of tools in order to automate the practices and facilitate the implementation.   

The case study presented by Shen and Ruan provided some success factors to be considered when 
implementing SPI initiatives: On the first place SPI goals should be aligned with business goals, not just 
with CMMI goals, in order to provide business value; A second remark refers to the advantages provided 
by process automation supported by tools.  The authors also highlighted the importance of having 
dedicated resources, at least part time, for SPI activities implementation.  Another success factor refers to 
the mitigation of change resistance by including people, as the authors state: "if people define the change 
themselves, the resistance risk will be minimized" [35].  Finally the authors found that small companies 
can benefit of processes that include rapid and evolutionary prototyping in order to involve users at the 
same time that documentation is adopted as part of the design instead of making it an extra effort.  

Staples et al. performed a study of the reasons that keep organizations in Australia from implementing 
CMMI [36].  In their study, the authors classified the reasons according to the organizational size.  The 
results related to small companies indicate that those see CMMI as "infeasible but not unbeneficial".  This 
indicates that although there is a potential interest, CMMI seems to be too complex for SMEs.  The most 
common reasons given by SMEs to reject a CMMI implementation were: small organizational size., 
CMMI costs , time constraints, usage of other SPI methodologies and unclear benefits.   

Staples et al. [36] make a distinction between the reasons that prevent small companies from 
implementing CMMI and the ones affecting medium-size companies (from 20 to 199 employees 
according to their classification).  Their conclusions point that small companies consider they could not 
adopt CMMI because it is infeasible to them, while medium-size companies say they should not 
implement CMMI because the benefits are unclear and in some cases unwanted.  Another reason for not 
adopting CMMI is that medium-size companies have different characteristics from the ones required by 
CMMI, which could result in a low assessment result albeit their process and practices are of good 
quality.  This statement agrees with previous finding regarding tailoring of complex models according to 
organizational size, circumstances and needs.   Another interesting conclusion found by the authors is that 
the nature of variability in small Software companies is not yet quite understood, and the fact that they do 
not adopt CMMI should not be seen as a fault.  In general, SPI should not cost so much time and money 
as CMMI does (especially for a small company); as the authors conclude, even if SPI represents great 
benefits, as long as it remains unfeasible small companies  will not adopt it.   

The Australian study mentioned above was replicated by Khurshid et al. [37] on the context of Malaysian 
companies refusing to adopt CMMI level 2 program.  This study agrees with the conclusions from the 
previous one regarding the need of more adequate and affordable methods for implementing SPI 
initiatives in SMEs; SMEs in this study claimed they cannot implement CMMI because it is out of their 
reach.  The most common reasons given by the companies were related to cost and unclear benefits along 
with other reasons like conflicting priorities.   

Habib et al. [38] propose a model for SMEs where a tailored CMMI is implemented using the guidance of 
Six Sigma methodology: Define, Measure, Analyze, Improve and Control.  The authors found that using 
Six Sigma as the implementation method of CMMI process quality and business objectives can be 
handled in less time.  Extra effort can also be avoided since documentation generated by undertaking Six 
Sigma methodology is complying with CMMI practices.  This is another case where it is acknowledged 
that SPI models, particularly CMMI, need to be tailored according to SMEs particular characteristics. 
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Shaikh et al.  reinforce the last point referring to the lack of fitness of CMMI for small companies, which 
recognized as one of the most important weaknesses of maturity driven SPI implementations in SMEs [7].  
In their study, the authors analyzed different SPI implementations using CMM/CMMI in order to find 
strength and weaknesses of SPI driven by those models.  Within the general weaknesses of this kind of 
SPI programs, the authors found that in most cases, practitioners need to invest a lot of time and resources 
on process areas that might not be as relevant for the company; the introduction of bureaucratic processes, 
the difficulty of maintaining  managerial commitment over time and the lack of specialized personnel 
were the other found issues.  On the other hand, benefits of maturity driven approaches for SPI relate the 
acquisition of competitive advantages within the market, the establishment of processes and the 
preparation for implementing further changes on them.  

Omran [39] suggests to map CMMI Key Process Areas with XP (Extreme-Programming) practices in 
order to add efficiency instead of bureaucracy.  He states that Agile practices can meet CMMI objectives, 
and suggest their implementation for SMEs as an effective way to address SPI. 

The PROCESSUS model, presented by Horvat et al. [40] is an approach to integrate  and tailor CMM and 
ISO 9001 with 9000-3 (Requirements for Quality Management Systems and the guidelines for applying it 
to Computer Software) according to the characteristics of small software development groups, which 
require less complex models to drive SPI programs.  The model follows a process modeling paradigm 
where for each procedure to implement a sequence of steps are defined in order to introduce and 
implement the practices; those steps are: Analysis, Definition, Training, Enactment and Tracing.  The 
procedures implementation is divided in 3 phases: Introduction, Process definition and process 
optimization; within these phases the procedures are introduced in an organized and progressive way that 
allows to perform gradual improvements on the areas that are usually more important in small settings.  
Besides the fact that this study also agrees with the need of considering the differential characteristics of 
SMEs in order to implement SPI, this study provides an interesting statement highlighting the importance 
of human factors on SPI implementations in SMEs. 

From the literature findings addressing CMMI adoption and guidance, this report pays special attention to 
the framework initially presented by  Liu et al. [41] and then refined and updated to fit CMMI (because 
the former was made for CMM implementations) by Sun and Liu [42]. This framework implements 
Quality Function Deployment (QFD) [43] to align business requirements and its priorities with CMMI 
Key process areas’ goals and Key Practices in the case of CMMI staged representation, which 
corresponds to the version presented for CMM in [41].  In the case of CMMI continuous 
implementations, the authors of [42] align prioritized business requirements with Process Areas and then 
with the practices within them.  A list of prioritized practices and a set of actions to be implemented 
represent the action plan to guide SPI. 

Despite the fact that this framework is not particularly designed for SMEs, it provides an interesting link 
between business goals and process improvement goals which later allows to obtain an action plan to 
implement CMMI in any of its representations.  The order of the actions to be implemented is given 
according to the relationships and priorities of the business goals from different business perspectives, 
which provides to this framework a context awareness.  This framework fills the gap between “what to 
do” and “how to do it”, which is commonly missed in SPI models that in general provide details about 
what to achieve. 

Regarding to the answer of Research Question RQ2, the literature review summarized in this chapter 
makes it clear that CMMI needs to be tailored in order to be practical for SMEs.  Effective results can be 
achieved by alternative SPI models that consider the situation and characteristics of small companies.  
Within Software Industry it is common to find situations where a particular level of CMMI represents 
high quality, and Software development companies running SPI programs using CMMI usually invest a 
lot of time and resources to achieve such market demands.  This situation usually leaves small companies 
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in a difficult situation because they tend to be considered immature in terms of quality or trustworthiness, 
pushing them to adopt SPI models, like CMMI, that are in most cases unfeasible and do not address their 
priorities.  Nevertheless, many cases prove that small companies can succeed and be as competitive in 
terms of quality products and effective practices as big ones even when they do not implement such 
models. 

The challenge for SPI model driven initiatives, not just to CMMI based implementations but the ones 
related to IDEAL, ISO and similar models,  is to keep low complexity whilst high efficiency and value 
are achieved in short time.  Low complexity can prevent burden  processes that far from being a solution 
tend to be a problem by themselves.  When implementing model driven SPI initiatives, it is important to 
remember that instead of setting goals in function of quality certifications, SPI goals should be 
established according to business priorities and requirements; only that way SPI can provide visible value, 
which could increase or maintain practitioners motivation and managerial commitment over time and also 
give continuity to the SPI program.  Continuous improvement can lead to quality certifications as a result 
of following the goals of the SPI programs, but just if SPI is treated as a progressive path leading to better 
practices and products instead of as a goal by itself.  
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6 Issues affecting SPI: Challenges for SMEs 

After analyzing Software Process Improvement from SMEs perspectives and needs, and studying CMMI 
implementations; a subsequent study of the main problems that companies face when undertaking SPI 
was made, and it is described within this chapter.  This chapters addresses the Research Question RQ3: 
What are the difficulties and potential resistance issues of SPI in SMEs?  In the first place, a literature 
review was undertaken; the results were analyzed in order to select the most representative problems 
affecting SPI and are described in section 6.1. 

From the studies described within the literature review section of this chapter,  the most representative 
issues were selected in order to perform a validation of their influence on SPI programs and to find out 
the degree of impact those have according to practitioners’ point of view.  This validation was made in 
the form of a Survey, its detailed description and results analysis is presented in section 6.2  

6.1 Research findings 
The literature review was performed at the end of April 2010, it follows the literature review process 
presented in chapter 3. The corresponding results are shown in Table 6-1.  . From the articles retrieved as 
a result of the query execution, an initial set containing 33 elements was formed; this initial group was 
obtained using titles and descriptors as selection criteria.  Afterwards, an analysis of that initial selection 
was performed, as a second filter, with the purpose of narrowing the results down to the most significant 
ones in terms of the research objectives.  This analysis was performed by reading the abstracts and 
conclusions (when more information was needed).  Finally, the remaining articles were read, and the 
major findings of the most representative ones are described within this chapter. 

ID Query Database Hits 
Preliminary 

Selection 
LR3.Q1 

(SPI OR "Software process 
improvement") AND (issue OR problem 
OR challenge OR difficulties OR 
difficulty) AND small 

Wiley Interscience 67 15 
LR3.Q2 IEEE Xplorer 29 8 
LR3.Q3 ACM 17 4 
LR3.Q4 Science Direct 224 4 

LR3.Q5 
ISI web of knowledge / 
Web of science 

14 2 

Total 351 33 
Table 6-1 Literature Review 3 - SPI Issues 

The queries LR3.Q4 and LR3.Q5 were refined in order to get the number of hits shown in the table, the 
initial query brought too many results that were not relevant for the topic (e.g. the word “issue” made all 
issues of any journal to be retrieved within the result set). The refinements are shown in Table 6-2. 

ID Detailed Refinement  

LR3.Q4 

AND LIMIT-TO(topics, "soft ware,computer science,theoretical computer,process 
improvement,process model,project management,project plan") without "issue”  EXCLUDE(topics, 
"electronic note,inter face,extreme programing,product family,ware bug,product line,programing 
language") 

LR3.Q5 

Refined by: Subject Areas=( COMPUTER SCIENCE, THEORY & METHODS OR COMPUTER 
SCIENCE, SOFTWARE ENGINEERING OR ENGINEERING, ELECTRICAL & ELECTRONIC 
OR COMPUTER SCIENCE, INFORMATION SYSTEMS OR MANAGEMENT OR 
ENGINEERING, MULTIDISCIPLINARY ) 

Table 6-2 Literature Review 3 - Refined Query strings 

After performing the two previous literature reviews, it is more evident that SPI effectiveness and success 
does not rely on a single unique solution.  Different arguments have been considered by different authors 
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to be the key aspects to consider when implementing SPI (e.g., business goals Vs. Organizational 
size[21]).  However, even when addressing one particular consideration to foster SPI, there are always 
more circumstances corresponding to the context and regular practices of the organization that can 
influence, in a positive or negative way, the development of SPI actions.  This literature review has been 
made with the main purpose of finding literature evidence about the problematic circumstances affecting 
SPI initiatives.  The major findings are subject of later validation with practitioners.  

Guo and Seaman performed a survey on project managers regarding process change [44]. Even though 
the aim of their study was to find influential factors when deciding to change software processes, critical 
issues affecting software processes (and therefore the decision making) were also found; i.e., (1) Tight 
budget/schedule, (2) requirements change, (3) High rework cost, (4) fast pace of technology and (5) staff 
turnover.  From the analysis of the results and from practitioners experiences, the authors found it 
important to implement a pilot-project to conduct change initiatives in  and to consider contextual 
characteristics when making changes on software processes. 

The study presented by Baddoo and Hall [45] presents an analysis of perceptions and experiences from 
over 200 practitioners using focus groups to gather their impressions.  This analysis considers the 
different perceptions of practitioners that have different roles in their organizations; the 49 focus groups 
gathered the impressions of developers, project managers and senior managers.  The authors motivated 
their study on the insufficient attention that has been paid to the impact of human aspects on SPI 
implementations.  By undertaking 49 focus groups they classified the de-motivators according to the role 
of the practitioners.  From developers perspective, the most important issues when implementing SPI are 
lack of feedback and standards, workload, reduced creativity, customers involvement and lack of 
management commitment.  From project managers point of view, the main issues affecting SPI are lack 
of measures for controlling projects, fire fighting (i.e., the urgent over the long term important things), 
low process priority and staff turnover.  Finally, the issues perceived by senior managers as affecting the 
most SPI implementations are organizational changes and lack of SPI management skills.  The complete 
list of de-motivators is shown in Table 6-3. 

Key SPI management issues that contribute in achieving successful continuous improvement are 
presented by Varkoi as part of the findings from implementing the SPI initiation framework presented in 
[46].  The presented framework is based on ideas from IDEAL and SPICE, and it consists in a series of 
steps defined in terms of a set of activities.  From implementation experiences using the model in small 
organizations in Finland, management issues affecting the undertaking of each activity were identified.  
These issues need to be taken into account in order to achieve continuous improvement.  Moreover, some 
continuous improvement success factors were identified, i.e., SPI training, commitment within the 
organization and external guidance.  The key SPI management issues are shown in the second column of 
Table 6-3 as classified by the author in the steps of the SPI framework they have  major impact, i.e., (1) 
Needs analysis, (2) Process assessment and (3) Improvement actions. 

An analysis of the difficulties that small organizations face when implementing SPI has been done by 
Demirors and Demirors [47] in the context of Turkish small companies. From their study, the authors 
present a classification of the difficulties that small companies have to deal with when implementing SPI 
according to their related type e.g., (a) Organizational structure, (b) Software process improvement 
models and (c) The market SMEs operate in.  The difficulties organized according to these types are 
presented in Table 6-3.  As an alternative to address these issues, the authors present an ISO 9001/CMM 
compliant SPI model to address these issues by providing an action plan. From the implementation of the 
model they found additional potential problems that might influence SPI programs (those are shown in 
Table 6-3 under the label (i)). Furthermore, as lessons from the model implementation the authors 
highlight the importance of early commitment, the advantages of workshop implementations and constant 
interaction and communication.   
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Issues affecting SPI – Major findings 
De-motivators for SPI 

[45] 
Management issues 

for SPI [46] 
Difficulties affecting 

SPI [47] 
Barriers for SPI 

[48] 
Time 
pressure/constraints 

(1) Commitment of the 
top management 

(a) Lack of quality 
conscious personnel 

Lack of support 

Inertia (1) Unanimity of the 
situation 

(a) Limited number of 
personnel 

Lack of formal 
methodology 

Lack of resources (1) Responsibilities set 
for process areas 

(a) Limited funds Lack of awareness 

Commercial pressures (2) Involvement of the 
key personnel 

(a) state of the current 
process 

Lack of resources 

Lack of overall support (2) Open 
communication 

(a) problems of non-
software processes 

Inexperienced staff/ lack 
of knowledge 

Budget constraints (2) Credibility of the 
results 

(a) hacker/Star culture.  
Knowledge is not 
shared. 

Paperwork required / 
formal procedures 

Cumbersome processes (3) Authority to fulfill 
changes 

(a) Lack of quantitative 
data 

Time pressure 

Lack of evidence of 
direct benefits 

(3) Support outside a 
software project 

(b) Lack of guidance Lack of sponsorship 

Negative/bad 
experience 

(3) Regular reviews (b) Lack of action 
knowledge 

Lack of project 
management 

Inadequate 
communication 

 (b) Failure to benefit from 
the smallness 

Lack of training 

Imposition  (b) Assumption of 
expertise in diverse 
fields. 

Lack of project 
management 

Inexperienced staff  (c) Changeability 
assumption 

Lack of communication 

Lack of management 
direction/Commitment 

 (c) Low ROI SPI gets in the way of 
real work 

Lack of SPI 
management skills 

 (i) Low self-esteem of the 
development team 

Negative bad experience 

Low process priority  (i) overloaded schedule  Lack of tools 
Personality clashes  (i) inadequate knowledge 

on Software Engineering 
Staff turnover 

Workload  (i) Organizational learning 
problem 

Inertia 

Lack of feedback  (i)Lack of feedback Changing the mindset of 
management and 
technical staff 

Lack of standards    
Staff turnover    
Customers    
Fire fighting    
Inadequate metrics    
Irrelevant 
objectives/deliverables 

   

Isolated best practice    
Large-scale programs    
Organizational changes    
PM's lack of technical 
knowledge 

   

Reduced creativity    
Table 6-3 Issues affecting SPI 

A comparative analysis of practitioners point of view and literature findings regarding barriers preventing 
SPI successful implementations is presented by Niazi et al. [48]; it is part of their study supporting the 
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model presented to guide organizations on implementation of SPI programs.  This study presents also a 
set of critical success factors (CSF) that foster SPI implementations.  The model presented is based on an 
assessment that considers the status of the company in terms of the CSF and barriers, then the SPI 
implementation is guided in terms of phases and activities that allow to achieve the CSF and to mitigate 
the barriers.  Regarding the barriers for SPI, the authors performed an analysis of interviews, with open 
and close-ended questions, made to 31 practitioners of different roles from 26 organizations.  These 
results were compared with literature findings in order to obtain a wider perspective.  The resulting 
barriers listed in this study are shown in Table 6-3. 

The summarized results shown in Table 6-3 represent the most significant problems faced by companies 
when implementing SPI initiatives.  Authors have gone into this subject in order to understand why SPI 
programs fail and find possible solutions to guide SPI programs not just according to a pre-defined model 
but taking also into account the difficulties the company might face.  From these findings, the de-
motivators for SPI presented by Baddoo and Hall [45] have been chosen to be validated by practitioners 
within this research.  This choice has been made because the list seems to comprise more aspects that 
appear to be summarized in other lists from other authors.  The validation method and the corresponding 
result analysis aer described in next section. 

 

6.2 Validation of findings 
From the literature review presented in the previous section, the de-motivators for SPI exposed by 
Baddoo and Hall [45] have been chosen to be validated by practitioners in order to identify which of 
those are more perceived by SMEs.  The validation was made in the form of a survey that was published 
on-line on 15th July 2010.  LimeSurvey2, an on-line survey FLOSS project was used to publish the survey 
on-line in two versions i.e., English and Spanish.  The complete printable version of the survey is 
available in Survey - Issues affecting SPI  The invitation to participate in this research project by 
answering the survey was sent to a total of 102 practitioners and researches in Colombia, Spain, Italy, 
Sweden and Ireland. 

Responses were gathered until July 31st 2010.  Within this two weeks period 52 responses were gathered 
representing 51% of the people asked to participate.  From those responses only 44 were properly 
completed, the remaining 8 were not fully answered.  The analysis presented within this section focuses 
on the 44 complete responses gathered in the 2 weeks period, which represent 43.1% of the people invited 
to participate and 84.6% of the obtained responses. 

The survey is divided in three sections (see Appendix I): Profile characterization, Issues affecting SPI and 
FLOSS influence.  The first section was designed to identify the profile and experience of participants as 
well as the size of the organization they work in and their impressions regarding SPI.  The second section 
is for the participants to indicate the de-motivators for SPI they have experienced; the final section has the 
purpose of identifying the ratio of FLOSS integration and or development within practitioners along with 
characteristics taken into account when assessing FLOSS products and difficulties found when presenting 
these solutions to customers; this final part of the survey also asks about the perceived utility of an SPI 
model for SMEs considering FLOSS characteristics. 

  

                                                           
2 Available on-line at www.limesurvey.org Last access September 2010 



 

6.2.1 General Results 

In the first place, it is important to show the results gathered from all the responses to characterize the 
total group of 44 participants.  As it is shown in
other half is distributed among Senior managers, Project Managers, Process Manager
processes definition and implementation
felt more identified with in case they had changed their role recently; this was conducted 
because it is expected that the experience and impressions are not related necessarily to the current role 
but to the one that the participant has occupied for longer time.

Figure 

The experience of participants is shown 
role selected in the previous question, (shown above).  These figures show that 45.4% of participants have 
3 or more years of experience, and 86.3% have more than 1 year of experience.  This is an important 
factor that increases the validity of

Figure 

Given the fact that the scope and 
proposed SPI model presented in chapter 
very important aspect to identify within participants.  According to the definition of SMEs given by the 
European Commission3. SMEs, in terms
SMEs three categories are identified, i.e., Micro
enterprises having between 10 and 49 employees and Medium
249 employees.  SMEs are also defined taking into account either turnover or balance sheet total, but 
since this information is usually not available for all employees, the classification in terms of number of 
employees was selected for the s

                                                          
3 Definition available at: http://ec.europa.eu/enterprise/policies/sme/facts
definition/index_en.htm. Accessed from June to September 2010.
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it is important to show the results gathered from all the responses to characterize the 
As it is shown in Figure 6-1, half of the respondents are developers, the 

other half is distributed among Senior managers, Project Managers, Process Manager
definition and implementation) and Experts.  The participants were asked to 

felt more identified with in case they had changed their role recently; this was conducted 
because it is expected that the experience and impressions are not related necessarily to the current role 

e participant has occupied for longer time. 

Figure 6-1 Survey Results - Participants role 

The experience of participants is shown in Figure 6-2.  Years of experience in this question r
role selected in the previous question, (shown above).  These figures show that 45.4% of participants have 
3 or more years of experience, and 86.3% have more than 1 year of experience.  This is an important 
factor that increases the validity of the results obtained in the survey. 

Figure 6-2 Survey results - Years of experience 

scope and context of application for the results of the thesis project
presented in chapter 8 are defined in function of SMEs, the organizational size is a 

very important aspect to identify within participants.  According to the definition of SMEs given by the 
. SMEs, in terms of headcount, are those having less than 250 employees;  Within 

SMEs three categories are identified, i.e., Micro-size enterprises, with less than 10 employees; Small
enterprises having between 10 and 49 employees and Medium-size enterprises having b

SMEs are also defined taking into account either turnover or balance sheet total, but 
since this information is usually not available for all employees, the classification in terms of number of 
employees was selected for the survey.   

                   
http://ec.europa.eu/enterprise/policies/sme/facts-figures-analysis/sme

. Accessed from June to September 2010. 
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it is important to show the results gathered from all the responses to characterize the 
, half of the respondents are developers, the 

other half is distributed among Senior managers, Project Managers, Process Manager (responsible of 
The participants were asked to select the role they 

felt more identified with in case they had changed their role recently; this was conducted in that manner 
because it is expected that the experience and impressions are not related necessarily to the current role 

 

Years of experience in this question refer to the 
role selected in the previous question, (shown above).  These figures show that 45.4% of participants have 
3 or more years of experience, and 86.3% have more than 1 year of experience.  This is an important 

 

context of application for the results of the thesis project and the 
the organizational size is a 

very important aspect to identify within participants.  According to the definition of SMEs given by the 
of headcount, are those having less than 250 employees;  Within 

size enterprises, with less than 10 employees; Small-size 
size enterprises having between 50 and 

SMEs are also defined taking into account either turnover or balance sheet total, but 
since this information is usually not available for all employees, the classification in terms of number of 

analysis/sme-

Process Manager/responsible 

Expert (active researcher, 

former practitioner) 



 

The results regarding organizational size 
that 14 participants (31.8% ) belong to big
analyze them from SMEs perspective.  The figure also shows that 
companies of less than 50 employees.

Figure 

General impressions of all participants regarding SPI implementations are shown in 
participants (81.8%) agree on SPI 
participants belonging to companies with less than 50 e
Seven participants (15.9%) consider that SPI could be undertaken, which indicates that even though SPI 
might be possible within their companies, it is not perceived as a necessity.  From all the responses
one participant (2.3%) indicated a position against SPI.

Figure 

Respondents were asked to indicate, from the list of de
impact of the issues they had experienced 
Participants also had the choice of not 
corresponding issue (Not Answer N/A).
they answered the corresponding question in the survey.  With the aim to identify the most relevant SPI 
de-motivators, the answers where impact was graded as high and medium were added in order to 
combined figure that represents 
obtain major differentiation between the issues that are more recognized by practitioners
impact from those rated as having low impact or
impact responses are shown in 
Firefighting and Low process priority 
other hand, the less influential issues are 
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regarding organizational size are shown in Figure 6-3 From this figure it is possible to identify 
8% ) belong to big-size companies, hence the results need to be filtered in order to 

ze them from SMEs perspective.  The figure also shows that 21 participants (
companies of less than 50 employees. 

Figure 6-3 Survey Results - Organizational size 

articipants regarding SPI implementations are shown in Figure 
agree on SPI being implemented, from those participants 47.7% (the same amount of 

participants belonging to companies with less than 50 employees), indicate that SPI should be undertaken.  
Seven participants (15.9%) consider that SPI could be undertaken, which indicates that even though SPI 
might be possible within their companies, it is not perceived as a necessity.  From all the responses
one participant (2.3%) indicated a position against SPI. 

Figure 6-4 Survey Results - SPI impressions 

Respondents were asked to indicate, from the list of de-motivators selected for validation, the de
impact of the issues they had experienced when implementing SPI programs, i.e., High, Medium or Low
Participants also had the choice of not indicating any impact if they had not experienced the 

(Not Answer N/A).  Appendix B shows the original results from all responden
they answered the corresponding question in the survey.  With the aim to identify the most relevant SPI 

motivators, the answers where impact was graded as high and medium were added in order to 
ombined figure that represents High + Medium impact.  This manipulation of data was done in order to 

differentiation between the issues that are more recognized by practitioners
impact from those rated as having low impact or non detected.  The results of this re
impact responses are shown in Figure 6-5, where Time pressure/constraints, 

ow process priority were detected as the most influential de-motivators for SPI.  On the 
other hand, the less influential issues are Negative/bad experience, Customers and Imposition
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From this figure it is possible to identify 
size companies, hence the results need to be filtered in order to 

21 participants (47.7%) belong to 

 

Figure 6-4, where 36 
, from those participants 47.7% (the same amount of 

mployees), indicate that SPI should be undertaken.  
Seven participants (15.9%) consider that SPI could be undertaken, which indicates that even though SPI 
might be possible within their companies, it is not perceived as a necessity.  From all the responses, just 

 

motivators selected for validation, the degree of 
s, i.e., High, Medium or Low.  

indicating any impact if they had not experienced the 
ows the original results from all respondents as 

they answered the corresponding question in the survey.  With the aim to identify the most relevant SPI 
motivators, the answers where impact was graded as high and medium were added in order to obtain a 

impact.  This manipulation of data was done in order to 
differentiation between the issues that are more recognized by practitioners as having a clear 

.  The results of this re-classification of 
, workload, Inertia, 

vators for SPI.  On the 
mposition.   

Should be undertaken 

Could not be undertaken 

Should not be undertaken 

Must not be undertaken 



 

Regarding the issue “ Negative/bad 
detected (“N/A”), with 10 participants indicating this (34.1%).  This particular data indicates that the 
practitioners marking this have not experienced SPI implementations; this conclusions could be also 
supported by the fact that respondents indicated a need for undertaking SPI withi

Figure 6-5 Survey Results 
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Negative/bad experiences”, it is also seen that it has the highest frequency as not 
icipants indicating this (34.1%).  This particular data indicates that the 

practitioners marking this have not experienced SPI implementations; this conclusions could be also 
supported by the fact that respondents indicated a need for undertaking SPI within their organizations.  

Survey Results - De-motivators for SPI re-classified 
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, it is also seen that it has the highest frequency as not 
icipants indicating this (34.1%).  This particular data indicates that the 

practitioners marking this have not experienced SPI implementations; this conclusions could be also 
n their organizations.   
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6.2.2 Survey results for SMEs

Since the scope of this study comprehends just SMEs, the results of the survey were filtered 
analyze those corresponding to participants belonging to SMEs.  From the 44 respondents 30 fulfilled this 
criteria, corresponding to 68.18% of the
characterization used in the survey
describes them as companies having less than 250 employees

The distribution of participants according to their role reflects the previous results consid
organizational sizes without major differences. 
developers (43.3%) while the remaining 56.7% are distributed among Senior Managers, Project 
Managers, Process Managers, Experts and other roles. 
distributed in 2 masters students and 2 researches according to their answers.  

Figure 

In a similar way, the distribution of
the major set of results (described before)
(40%) have occupied their role for three years or more
experience (43.3%) and 5 have been in their position for less than a year (16.7%). These results are shown 
in Figure 6-7. 

Figure 6

Impressions of participants regarding SPI implementations are represented in 
participants belonging to SMEs, 27 (90%) agreed on SPI being implemented, which represents an 
increase of  8.2% with respect to the results from all respondents.  Two of the people asked said that SPI 
could be implemented without stating any kind of necessity of it.  The one participant stating that
must not be undertaken, which answer
belongs to this group of respondents working or having experience in SMEs
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Survey results for SMEs 

Since the scope of this study comprehends just SMEs, the results of the survey were filtered 
analyze those corresponding to participants belonging to SMEs.  From the 44 respondents 30 fulfilled this 
criteria, corresponding to 68.18% of the total number of participants.  As explained before, SMEs size 

used in the survey corresponds to the European Commission definition of SMEs, which 
companies having less than 250 employees. 

The distribution of participants according to their role reflects the previous results consid
t major differences. As shown in Figure 6-6, 13 out of 30 participants are 
the remaining 56.7% are distributed among Senior Managers, Project 

Managers, Process Managers, Experts and other roles.  The roles of participants indicating “other” are 
sters students and 2 researches according to their answers.    

Figure 6-6 Survey Results - SMEs participants role 

In a similar way, the distribution of participants experience in the corresponding role reflects the results of 
(described before) considering all organizational sizes.  In this case 12 participants 

have occupied their role for three years or more, 13 of them have between 1 and 3 years of 
experience (43.3%) and 5 have been in their position for less than a year (16.7%). These results are shown 

-7 Survey Results – SMEs participants experience 

Impressions of participants regarding SPI implementations are represented in Figure 
participants belonging to SMEs, 27 (90%) agreed on SPI being implemented, which represents an 

% with respect to the results from all respondents.  Two of the people asked said that SPI 
could be implemented without stating any kind of necessity of it.  The one participant stating that
must not be undertaken, which answer was observed in the results concerning all organizational sizes, 
belongs to this group of respondents working or having experience in SMEs. 
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Since the scope of this study comprehends just SMEs, the results of the survey were filtered in order to 
analyze those corresponding to participants belonging to SMEs.  From the 44 respondents 30 fulfilled this 

As explained before, SMEs size 
definition of SMEs, which 

The distribution of participants according to their role reflects the previous results considering all 
13 out of 30 participants are 

the remaining 56.7% are distributed among Senior Managers, Project 
participants indicating “other” are 

 

participants experience in the corresponding role reflects the results of 
considering all organizational sizes.  In this case 12 participants 

ve between 1 and 3 years of 
experience (43.3%) and 5 have been in their position for less than a year (16.7%). These results are shown 

 

Figure 6-8.  Within 
participants belonging to SMEs, 27 (90%) agreed on SPI being implemented, which represents an 

% with respect to the results from all respondents.  Two of the people asked said that SPI 
could be implemented without stating any kind of necessity of it.  The one participant stating that SPI 

lts concerning all organizational sizes, 

Process Manager/responsible 

Expert (active researcher, 



 

Figure 

In general terms, from Figure 6
necessity of implementing SPI is higher for 40% of respondents, the 50% indicating that SPI should be 
implemented indicates that although SPI is considered important 
feasible.  The 6.7% indicating that SPI 
a possibility (it might be feasible), but not 
results showing in Figure 6-9, this result can be a slight reflection of 
of direct benefits” and “Irrelevant objectives/deliverables”
detected by 66.7% and 53.3% 
undertaking SPI programs. 

Figure 6-9 presents the results related
found in their experience. These results have been re
motivators for all participants: the values of high and medium impac
“High + Medium” in order to differentiate factors wit
not detected.  Along with these results and because of comparative purposes, the 
responses corresponding to companie
Ent H+M) 

The 5 de-motivators having higher 
constraints (90%),  Lack of resources
Workload (80%).  The sixth position
Firefighting with 76,7%.  Regarding the results of respondents related to Big enterprises, the main 
difference can be observed in “Lack of resources
high or medium impact, while in the group of SMEs related subjects 86.7% rated it having that impact.  
This is reinforced by the fact that “
SMEs, whilst for Big enterprises 
considerable difference of impact importance 
comparison with the results related to SMEs, this issue was rated as high or medium
participants belonging to big-size enterprises 

From Figure 6-9 it is also seen that 
regarding the degree of impact, i.e., Low and Hi
percentage of participants grading them as [Low% ; High+Medium] are: “Negative/Bad experience” 
[36.7% ; 36.7%], “Customers” [40% ; 43.3%], “Reduced creativity” [46.7% ; 43.3%] and 
changes” [43.3% ; 46.7%]. 
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Figure 6-8 Survey Results - SMEs SPI impressions 

6-8 it is evident that most participants are not against SPI programs; the 
necessity of implementing SPI is higher for 40% of respondents, the 50% indicating that SPI should be 
implemented indicates that although SPI is considered important and even necessary, it might not be as 
feasible.  The 6.7% indicating that SPI “could be undertaken” indicates that practitioners perceive SPI as
a possibility (it might be feasible), but not precisely necessary. According to previous findings, and 

, this result can be a slight reflection of the de-motivators 
“Irrelevant objectives/deliverables”, which, as shown in Figure 

detected by 66.7% and 53.3% of participants respectively, as having high or medium impact when 

related to the de-motivators for SPI that respondents related to SMEs have 
These results have been re-classified as done before when presenting de

he values of high and medium impact have been combined in the category 
” in order to differentiate factors with more influence from those rated as low impact or 

Along with these results and because of comparative purposes, the 
corresponding to companies with more than 250 employees are also displayed in the chart.

motivators having higher impact for SMEs according to Figure 6-9 
Lack of resources (86.7%), Low process priority (83.3%), Inertia

.  The sixth position is shared by Lack of SPI management skills, Inexperienced staff
Regarding the results of respondents related to Big enterprises, the main 

Lack of resources”, where just 50% of the participants c
high or medium impact, while in the group of SMEs related subjects 86.7% rated it having that impact.  
This is reinforced by the fact that “Lack of resources” is the second most important de
SMEs, whilst for Big enterprises it is the sixth less important.  “Low process priority

of impact importance for respondents from SMEs and big-size enterprises
comparison with the results related to SMEs, this issue was rated as high or medium

size enterprises (just 57.1%).  

is also seen that there are issues where respondents from SMEs have divided opinions 
regarding the degree of impact, i.e., Low and High+Medium.  These issues and the corresponding 
percentage of participants grading them as [Low% ; High+Medium] are: “Negative/Bad experience” 
[36.7% ; 36.7%], “Customers” [40% ; 43.3%], “Reduced creativity” [46.7% ; 43.3%] and 
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that most participants are not against SPI programs; the 
necessity of implementing SPI is higher for 40% of respondents, the 50% indicating that SPI should be 

and even necessary, it might not be as 
indicates that practitioners perceive SPI as 

According to previous findings, and 
motivators “Lack of evidence 

Figure 6-9, have been 
, as having high or medium impact when 

motivators for SPI that respondents related to SMEs have 
classified as done before when presenting de-

t have been combined in the category 
h more influence from those rated as low impact or 

Along with these results and because of comparative purposes, the “High + Medium”   
s with more than 250 employees are also displayed in the chart. (Big 

 are Time pressure 
nertia (83.3%) and 

nexperienced staff and 
Regarding the results of respondents related to Big enterprises, the main 

just 50% of the participants considered it with 
high or medium impact, while in the group of SMEs related subjects 86.7% rated it having that impact.  

” is the second most important de-motivator for 
Low process priority” also presents a 

size enterprises.  In 
comparison with the results related to SMEs, this issue was rated as high or medium impact by less 

there are issues where respondents from SMEs have divided opinions 
gh+Medium.  These issues and the corresponding 
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Figure 6-9 Survey Results 
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Another aspect from Figure 6-9
were not marked as having an impact or as experienced by respondents (N/A).  The de
the higher amount of participants leaving them as “
“Lack of standards” (23.3%).  “Imposition”, “Irrelevant
direction/commitment”, “Inadequate metrics”
respondents leaving them as “N/A”.  
as the rest for the sample of practitioners related to SMEs.  In particular, the fact that practitioners 
indicate that “Negative/Bad experiences” is on the top of this list, points that SPI has not been yet 
implemented by the group of participants. 

Additional information can be gathered from de
less percentage of respondents leaving them as 
of the degree of impact perceived by participants.  The most repr
SMEs are “Lack of resources” 
constraints”, “Low process priority”, “Inertia” and “Lack of evidence of direct benefits”
with 6.7% respondents leaving them as 
regarding SPI feasibility according
literature findings [7, 19, 36, 37]
chapters 4 and 7. 

The third part of the survey was meant to gat
integration and development.  
developing FLOSS as part of their products and services.  
(43%) of respondents involved in SMEs indicated the use of FLOSS within their companies, FLOSS is 
not yet as spread within SMEs as it would be expected
still has to approach to a big sector of SMEs in Software Industry.  

Figure 6-10

The 13 participants stating to have implemented, integrated or developed FLOS as part of the products or 
services were asked to mark the factors considered when assessing and choosing FLOSS products;  
Participants made the indications selecting from a list of factors the ones they take into account.  
were also given the possibility to 
the factor “Guarantee of continuous evolution”.
frequency.   

57%

SMEs 

9 to be mentioned is the meaning of the results regarding the issues that
were not marked as having an impact or as experienced by respondents (N/A).  The de
the higher amount of participants leaving them as “N/A” are “Negative/bad experience” (26.7%) 

“Imposition”, “Irrelevant  objectives/deliverables”, “Lack of management 
direction/commitment”, “Inadequate metrics” and “Firefighting”  follow the list having all 20% of 

“N/A”.  This indicates that these issues have not been experienced as much 
st for the sample of practitioners related to SMEs.  In particular, the fact that practitioners 

indicate that “Negative/Bad experiences” is on the top of this list, points that SPI has not been yet 
implemented by the group of participants.  

rmation can be gathered from de-motivators marked as “N/A”.  In this case, those having 
less percentage of respondents leaving them as “N/A”  indicate they are strongly recognized independent 
of the degree of impact perceived by participants.  The most representative issues of this category for 

“Lack of resources” which was left as “N/A”  by 3.3% of respondents; 
constraints”, “Low process priority”, “Inertia” and “Lack of evidence of direct benefits”

ts leaving them as “N/A” .  This result reflects the typical perception
regarding SPI feasibility according to their constrained resources; which represents a

[7, 19, 36, 37] presented within the results of literature reviews presented between 

The third part of the survey was meant to gather data about participants experiences on
.  Figure 6-10 shows the distribution of SMEs using, integrating or 

developing FLOSS as part of their products and services.  This result reflects that even though 
of respondents involved in SMEs indicated the use of FLOSS within their companies, FLOSS is 

as it would be expected.  From this situation, it can be said that FLOSS 
ctor of SMEs in Software Industry.   

10 Floss integration, usage and development in SMEs 

participants stating to have implemented, integrated or developed FLOS as part of the products or 
the factors considered when assessing and choosing FLOSS products;  

Participants made the indications selecting from a list of factors the ones they take into account.  
were also given the possibility to indicate other factors not included in the list.  Just one respondent

“Guarantee of continuous evolution”.  Figure 6-11 shows the obtained 
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to be mentioned is the meaning of the results regarding the issues that 
were not marked as having an impact or as experienced by respondents (N/A).  The de-motivators having 

” are “Negative/bad experience” (26.7%) and 
objectives/deliverables”, “Lack of management 

follow the list having all 20% of 
This indicates that these issues have not been experienced as much 

st for the sample of practitioners related to SMEs.  In particular, the fact that practitioners 
indicate that “Negative/Bad experiences” is on the top of this list, points that SPI has not been yet 

”.  In this case, those having 
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esentative issues of this category for 
by 3.3% of respondents; “Time pressure 

constraints”, “Low process priority”, “Inertia” and “Lack of evidence of direct benefits” follow the list 
.  This result reflects the typical perceptions of SMEs 

which represents a validation of 
within the results of literature reviews presented between 

participants experiences on FLOSS 
shows the distribution of SMEs using, integrating or 

n though almost half 
of respondents involved in SMEs indicated the use of FLOSS within their companies, FLOSS is 

.  From this situation, it can be said that FLOSS 

 

participants stating to have implemented, integrated or developed FLOS as part of the products or 
the factors considered when assessing and choosing FLOSS products;  

Participants made the indications selecting from a list of factors the ones they take into account.  They 
included in the list.  Just one respondent added 

obtained results in order of 

Yes (Y)

No (N)



 

Figure 6-11 FLOSS characteristics considered in assessments by SMEs

From Figure 6-11 it can be seen that the most influential factors when assessing FLOSS products are 
“Overall prestige” and “ Own experience
Following these factors it is “Licences flexibility”
results indicate adoption of FLOSS to be 
reliability or trustworthiness.  This observation is confirmed by the fact that 
practices”, “Results of assessment/comparison 
in the three last places of the ordered list with 
30.8% for the two latter.  The fact that objective assessments are not as considered as “overall prestige” is 
coherent to the current lack of methods to assess FLOSS; 
objective trustworthiness assessments like OMM, the results of those evaluations will increase their 
importance in the future.   

Regarding difficulties when presenting FLOSS products to customers, the majority of respondents related 
to SMEs, that had previously stated to
them.  As it is seen in Figure 6
connotes some acceptance from customers to FLOSS 
to remember that these results correspond just to the SMEs actually integrating FLOSS as part of their IT 
platform, products and/or services; it is expected that customers of these companies accept, (or even 
want) the integration of FLOSS. 
difficulties would benefit by the usage of objective measurements of trustworthiness and reliability of 
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Figure 6-12

Participatns were also asked about usefulness/value of an SPI program that considers FLOSS usage, 
integration and development characteristics to drive the improvement.  This was done with the
gathering early impressions about the utility of the model proposed within this thesis 
Answers to this question are summarized in 

From Figure 6-13, it is observed that 83,3% of respondents agreed on stating that the model would be 
useful/valuable; from that figure, 23.3% of respondent indicated it as 
results encourage and support the model presented within this thesis project, they
where practitioners would be interested in adopting the model.  The remaining 16.7% of participants 
stated that such model would be somehow useful/valuable, which is still encouraging.  
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7 Knowledge Management and SPI 

Knowledge has become the main asset for modern organizations where employees, their knowledge and 
how they use it are critical differential factors [49].  Constant learning and change implementations 
towards innovation is necessary for knowledge organizations.  Software Industry is a clear example of 
this situation; Software development companies are knowledge intensive organizations because the entire 
software life-cycle relies entirely on human interaction, knowledge in practice and reflection. In 
particular, Software Process Improvement is a constant learning-reflective process based on the practices 
that shape software development; its effective implementation highly depends on social aspects, not just a 
static definition of activities.   

Given these reasons, it is logical to relate Software Process Improvement with Knowledge Management; 
Software process improvement implicates change introduction on practices, which relies directly on 
workers’ experiences, habits and acceptance.  Under these considerations, and in order to find some 
guidance for the issues affecting SPI described in Chapter 6, a literature review was performed in May 
2010 with the aim of answering Research Question RQ4: How to manage the difficulties of implementing 
SPI in SMEs from knowledge management perspective?. 

In order to introduce Knowledge Management (KM) approaches for SPI it is important to present, in the 
first place, a foundation about Knowledge Management and some particular topics that can be applied to 
Software Engineering field and in particular to Software Process Improvement.  This chapter presents 
some Knowledge Management basis in section 7.1, and the answer to RQ4 according literature findings 
in section 7.2. 

 

7.1 Knowledge Management basis 
The basic concepts described in this section take as reference the book “Knowledge Management in 
Organizations” by Donal Hislop [50].  This book covers key aspects of knowledge management by 
reviewing contributions of the most influent authors of this domain. 

In order to make a coherent introduction of topics, the concept to start is epistemologies of knowledge.  
Knowledge has been studied from different perspectives, i.e., objectivistic and practice-based, that focus 
on explicit and tacit knowledge respectively.  From the objectivistic perspective, Knowledge is seen as an 
objective entity derived from an intellectual process that can be codified and shared like a message can be 
sent and received independent of the context.  Practice-based epistemology presents knowledge as not as 
easy to share because it is subjective and personal, it is shaped by the context, embedded in practice and 
cannot be easily codified.  From this epistemology, tacit knowledge is embodied in people and reflects 
their habits, beliefs and experiences; it is socially constructed and cannot be separated from objective 
knowledge, because they are both mutually constituted.  On the other hand, from objectivistic 
epistemology, knowledge is always objective because it comes from the analysis of facts; this 
characteristic makes it a disembodied object, whose codification allows to share it in a clear way; from 
this epistemology, tacit knowledge can always be transformed to explicit knowledge.   

The Knowledge Management domain has been dealing with different strategies to manage knowledge in 
organizations. Different studies have given more priority to explicit or tacit knowledge, but the trend from 
some years has been to consider those two as a mutual complement, which means that practice-based 
perspective on knowledge is nowadays stronger than the objectivistic one.  Furthermore, the most 
influential authors have gone with this consideration when presenting their contributions and when 
analyzed different success cases.   
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A  particular topic in Knowledge Management literature has been considered as one of the most important 
ones for different authors; Communities of practice, which are informal groups where members have 
work-related activities or knowledge in common, their characteristics and effects on organizations gather 
attention of a wide portion of literature.  Communities of practice are self managed groups where 
members join voluntarily under informal-interpersonal relationships, they do not have hierarchical 
structure and their objective is shaped by common values and internally re-negotiated according to 
circumstances, i.e., it evolves.  The importance of communities of practice relies on the fact that they are 
a “hidden” scenario for learning where participants can find solutions together to problems that can be 
familiar to all even if it is not their responsibility to solve it.  Organizational culture is strongly shaped by 
these communities even though they are invisible for the structure of the organization; they are reflected 
on the practices of employees that are not covered by manuals or training, the common knowledge that is 
shared from one to another without any particular formalization.  For further  reference, the study of 
Brown and Duguid presents the effect of Communities of Practice on organizational learning and 
innovation [51].   

The way Information Technology (IT) solutions can support Knowledge Management activities has been 
also studied.  IT tools have the power to facilitate codification and storage of explicit knowledge; as a 
consequence,  it can be more easily integrated, consulted, shared and used.  Many companies are aware of 
these benefits and implement this kind of solutions to encourage Knowledge Management.  From the 
objectivistic perspective of knowledge, this approach covers the main issues regarding KM, but tacit 
knowledge is not considered from this point of view.  Nevertheless, it has to be said that IT tools can also 
benefit the sharing of tacit knowledge; IT tools can support communities of practice, by improving the 
means of communication people can share knowledge in different ways.  Moreover, nowadays virtual 
communities of practice exists because of technological support, the best example are FLOSS 
communities.  Notwithstanding these benefits, other aspects to support tacit knowledge management 
should not be ignored; in other words, IT tools should not be seen as KM silver bullet. 

From the Software Engineering domain, the Experience Factory was proposed by Basili et al. as an 
approach to capture, process and utilize knowledge acquired from projects and different activities within 
the organization [52].  This approach suggests a parallel virtual factory separated from the organization 
that has its own function, processes and products where knowledge is analyzed, stored and shared.  The 
experience Factory has been proposed in order to reuse experience and collective learning as a means to 
support continuous improvement as competitive advantage; it has been widely used within Software 
Industry and it represents a systematic way to manage explicit knowledge.  

Ikujiro Nonaka, recognized as one of the most influential authors in Business and Knowledge 
Management, presented his theory of Dynamic Organizational Knowledge Creation [53].  Nonaka 
recognizes the importance of both tacit and explicit knowledge, their mutual conversion as result of 
people interaction is the base of his model.  Four processes of transformation of knowledge are described: 
Socialization, Externalization, Combination and Internalization (SECI).  Socialization is the process that 
occurs when individual tacit knowledge is shared between people and then converted into new tacit 
knowledge that is common for the group.  Externalization is the process where tacit knowledge is 
transformed into explicit knowledge; continuous dialog between individuals enable them to conceptualize 
their own perspectives in order to share the tacit knowledge that in other circumstances would be difficult 
to articulate; the use of metaphors helps in the realization of this process.  Combination of Knowledge is 
the process where different sources of explicit knowledge are shared between individuals combining, 
reconfiguring and re-contextualizing them into new forms of explicit knowledge.  Finally, the 
internalization of knowledge consist on the transformation of explicit knowledge into tacit knowledge; 
this process is related to the concept of learning, where individuals incorporate explicit knowledge as the 
result of a trial and error process; Internalization can be seen as learning-by-doing. 



 44 

The Spiral of Organizational Knowledge Creation presented by Nonaka [53], considers the continuous 
organizationally managed cycle of transformation of knowledge from tacit to explicit and the other way 
around.  SECI processes are triggered by different aspects like constituting a team (Socialization), 
dialogue (Externalization), coordination and documentation (Combination) and experimentation 
(Internalization).  This constant shifting allows the organization to create knowledge from the 
amplification of individuals knowledge; the created knowledge will be shaped by the environment of the 
organization, giving to the spiral cycle a constant dynamic that never ends, not just within the 
organization and the execution of the processes of the spiral (SECI) but between the organization and its 
environment, which will always influence each other. 

7.2 Knowledge Management and SPI 
The findings from the literature review undertaken in May 2010 to answer Research Question RQ4 are 
presented within this section.  Table 7-1 shows the results of the execution of the query string on each of 
the consulted databases; for this literature review the same query string was used in all the databases, and 
no meta-search engine was used to retrieve combined results from different databases at the same time.   
The initial result set was narrowed by selecting the articles which name and descriptors were related to 
the topic.  The remaining papers were examined by reading their abstracts and conclusions in order to 
select the most relevant ones, that were fully read.  The most significant findings from the final selection 
of articles are presented within this section.  More details about the literature review process were 
presented in Chapter 3. 

 

ID Query Database Hits 
Preliminary 

Selection 
LR4.Q1 

(SPI OR "Software process 
improvement") AND ("knowledge 
management" OR "knowledge transfer" 
OR "knowledge sharing") 

ScienceDirect  180 19 
LR4.Q2 Wiley Interscience 32 5 
LR4.Q3 ACM 108 5 
LR4.Q4 IEEE Xplorer 38 9 

LR4.Q5 
ISI web of knowledge / 
Web of science 

15 5 

Total 373 43 
Table 7-1 Literature Review 4 – Knowledge Management and SPI 

As it was already mentioned as part of the background studies of this research, Allison and Merali have 
studied Software Process Improvement as a change process that, far from happening from one day to the 
other, occurs as the result of constant interaction and negotiation between defined processes and the 
actual practices [19].  This recognition of human factors as a determinant aspect of SPI failure or success 
is an important subject that cannot be ignored by practitioners nor researches, and it is taken as a starting 
point to analyze the literature findings described below. 

A knowledge-driven model for SPI (KDM) has been proposed by Alagarsamy et al. [54].  The model is 
based on IDEAL and it is meant to guide SPI implementations by a set of activities reflecting IDEAL 
principles in a Knowledge Management conscious way.  KDM considers the important interaction of  
processed information, Knowledge workers and Knowledge users as part of the SPI actions.  The model, 
on its activities definition, considers the importance of understanding the need for improvement, 
recognizes that tacit knowledge should be “acquired”, includes tools support for repositories creation and 
explicit knowledge acquisition, and finally it takes into account the combination of explicit and tacit 
knowledge.  This approach has a wide consideration of Knowledge Management strategies, the authors 
state that Software Industry needs to have knowledge-based SPI programs.  This statement is coherent 
with the fact that SPI is a knowledge intensive process to encourage knowledge workers into the adoption 
and definition of better practices in order to achieve higher quality in their products.  
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An integrated framework of Knowledge Management supportive factors has been proposed by Fehér and 
Gábor [55].  The authors researched for tools and solutions that support KM activities in Software 
development companies in order to increase efficiency.  After studying 72 cases from the European 
Software Process Improvement database, the authors classified the identified factors in three areas, i.e., 
(1) Technological, (2) Human Resources and (3) Organizational.  This classification of factors is shown 
in Table 7-2.  Within the research study, the authors examined the strategies organizations use to manage 
their knowledge (i.e., between technological/codification and organizational/personalization).  It was 
observed that organizations that have introduced KM successfully tend to use both, codification and 
personalization, strategies to manage their knowledge.  Additionally, the authors observed that a major 
number of companies tend to use strong codification strategies, whether they use personalization ones or 
not.  Nevertheless, based on their findings, the authors state that the use of pure personalization or 
codification KM approaches is not a precondition for success. They also conclude that KM is a vital part 
of the operation of any software development company or practice. 

In the context of two Australian companies, Aurum et al. have studied the KM practices used for 
Software Engineering [56].  The authors motivated their study by the fact that software development is 
not an isolated process but a collaborative one.  Within the findings corresponding to their research, the 
authors highlight the importance of leadership and culture as knowledge management enablers; 
Nowadays, Software companies tend to implement technology-centric strategies for managing their 
knowledge, and even though this kind of practice can facilitate explicit-knowledge sharing they tend to 
ignore implicit knowledge.  The Integrated Knowledge Management Framework presented by the authors 
recognizes KM enablers, activities and systems; the KM enablers, which foster knowledge development 
are Leadership, Culture, Technology and Measurement.  The knowledge management activities and 
systems are shown in Table 7-2.   

From the case studies analysis of [56], it was seen that knowledge was managed mostly making use of 
documentation and storage; the role of personal networks was crucial for knowledge sharing.  The authors  
recommend to implement KM focusing on both codification and personalization approaches, since both 
can complement each other.  Among other findings, it is important to remark the importance that 
feedback has during a project; meetings are usually good ways to share knowledge and analyze results 
between practitioners.  

An investigation on explicit and tacit knowledge management was undertaken by Meehan and Richardson 
[57].  From an analysis of the practices of three small software development companies, the authors state 
that software processes can be more effective by making knowledge explicit and advice to start doing it 
by making employees aware of the importance that their daily activities have for KM.  From this 
reasoning, the authors state that knowledge management (in terms of explicit knowledge creation, storing 
and sharing), should not implicate major changes on daily practices.  Regarding knowledge creation, the 
authors recommend to implement informal mentoring systems, those have the advantage of supporting 
on-the-job learning for new employees.  For knowledge storing, it is suggested to present and organize 
documents including information about the authors so they can be consulted if more information is 
needed.  Even thought this study focuses on explicit knowledge, the authors recognize that some 
knowledge cannot be stored nor codified, hence they  advise to support knowledge sharing in implicit and 
explicit ways; the implementation of project and cross-project meetings provides good scenarios for 
sharing research solutions, “war stories”, tips  and mistakes among others.  The authors state that 
knowledge leverage can be possible only if knowledge is stored and shared; the management importance 
to encourage employees to use available resources and repositories is considered to foster knowledge 
effective utilization.  The suggestions of this study are summarized in Table 7-2. 

Van Solingen et al. have stated that by improving people skills (i.e., enabling and supporting learning), 
software development practices will benefit and then, SPI will be fostered [58].  The model referenced in 
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this study is based on the nine learning enablers listed in Table 7-2.  The authors consider the difference 
between implicit and explicit knowledge, and acknowledge that communication and interaction between 
the two kinds of knowledge is necessary in order to improve software development practices.   

Knowledge Management and SPI – Major findings 

KM Support factors 
Fehér and. Gábor 

[55] 

KM framework integrated 
Aurum et al.  

[56] 

Recommendations 
Meehan and 

Richardson [57]. 

Learning Factos 
Van Solingen et al. 

[58] 

KM supporters  KM activities KM Systems Activities Factors 

IT solutions Identification 
Communities of 
practice 

Informal 
mentoring 

Climate of openness 

Communication Acquisition 
personal 
networks. 

Organization of 
documents 

Scanning for 
knowledge 

Coordination Creation 
Organizational 
Practices and 
routines 

Project and cross-
project meetings 

Info. On context and 
current state of 
system 

Cooperation 

Organization 

DMS 
Usage of stored 
knowledge 

Team learning 

Training Expert system  System modeling 

Common language 
Organizational 
routines 

 
Possibilities for 
control 

Organizational 
culture 

Transfer 

Training  Involved leadership 

Motivation 
Informal 
networks. 

 
Explicit goal 
definition 

Leadership Groupware  
Monitoring 
performance gap 

Organizational. 
processes 

Application 
New IT-based 
BP 

  

Communication 
platforms 

Adoption 

New products 
and services 

  

Organizational. 
structure 

new markets   

Table 7-2 KM strategies for SPI 

An extensive systematic review on Knowledge Management in Software Engineering was performed by 
Bjørnson and Dingsøyr [59].  They used Earl's schools of knowledge management to classify the 68 
selected papers into Technocratic, Economic commercial and Behavioral schools.  Technocratic schools 
consider information or management technologies, where Systems, Engineering and Cartographic schools 
are the corresponding subcategories.  The first one has knowledge codification as its main principle, the 
following is focused on processes and the latter is based on the organization of knowledge directories to 
make knowledge accessible.   Economic school studies how knowledge can be related to incomes.  The 
Behavioral school gathers the organizational (knowledge sharing through networks), spatial (knowledge 
promotion by space design) and strategic school (inclusion of knowledge in the organization’s strategy). 

After classifying findings according Earl’s schools of KM, the authors of [59] observed that in the 
Software Engineering domain "Experience factory" is the most used method, while literature is mostly 
focused on Systems and Engineering schools.  From the articles following Engineering school, 
investigations have been made focusing either on the entire software life-cycle processes or on specific 
activities and their improvement.  Within the Software Engineering domain, the most addressed KM 
activities are knowledge storage and retrieval; while knowledge creation, transfer and application need 
more attention.  Limited papers were found from behavioral schools.  
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The systematic review presented by Bjørnson and Dingsøyr reflects that when managing knowledge, 
Software Engineers tend to focus more on explicit than on tacit knowledge, which is natural considering 
that explicit knowledge is more easily addressed by engineering approaches: processes definition, 
codification, retrieval, networking, etc.  On the other hand, more attention needs to be paid on how to 
manage tacit knowledge (which is more related to human/social factors).  Both types of knowledge 
complement each other, and together can foster SPI from practices creation, experiences storage, retrieval 
and support.   Regarding Software Engineering practices, the authors also found that the iterative 
approach of the Unified Process supports learning, and communication as part of  software development 
regular activities.  

To summarize, the Knowledge Management Domain has been proved to foster SPI implementations by 
providing strategies that focus on preserving and utilizing effectively explicit and tacit knowledge.  These 
strategies, that consider the importance of human factors, complement the classical SPI approaches that 
focus on processes quality control and measurement.  The summary of literature findings presented in 
Table 7-2 can help to manage the difficulties of implementing SPI in SMEs, and hence represent the 
answer of the research question RQ4. 
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8 The proposed SPI Model 

Important conclusions have been gathered from the literature reviews answering research questions RQ1 
to RQ4.  Those findings have privided the fundamental pillars of the model presented in this chapter 
which is the outcome of the research; it considers the major findings from the undertaken literature 
reviews.  In general terms, the following statements abbreviate the main points taken into account when 
designing the model: 

� Software development is a knowledge-intensive activity that is shaped by different 
organizational characteristics and situations. 

� SPI model-driven approaches need to be tailored to the size and circumstances of companies in 
order to provide actual benefits.  This kind of approaches requires further guidance and strategies 
indicating how to proceed. 

� Many SMEs are constrained to conduct SPI initiatives because those are perceived as unfeasible 
for the company. 

� Software Process Improvement implicates changes on individual and collective practices, which 
involves organizational culture and knowledge matters. 

� SPI programs need to be aligned whit organizational needs in order to provide actual benefits in 
terms of business requirements.  

� OMM assessment is a CMM-like approach that can be easily adopted by SMEs involved in 
FLOSS development or integration.  It suggests what can be improved in order to achieve higher 
quality and trustworthiness, which implicates an increase of competitive advantages for the 
organization that undertakes it. 

� SPI programs should be flexible.  Neither business needs nor benefits can be standardized for all 
software companies; different organizations face different challenges and operate under distinct 
circumstances that shape their context and their particular needs. 

� SPI benefits can be better perceived and assessed if they address organizational requirements and 
practitioners’ needs. 

� SMEs are neither less productive nor less capable of producing quality software if they do not 
fulfill a CMMI maturity level.  Not all Process Areas are equally important for all organizations. 

� In order to initiate SPI programs in an effective way, it is necessary to develop organizational 
awareness among practitioners regarding effort implications and participation required to 
succeed in such implementations.  

� Undertaking SPI programs implies organizational learning, which has to be sustained and 
supported by participants involved; management has to commit to provide the necessary 
encouragement for it to succeed. 

The consideration of these aspects has guided the design of the SPI model.  It consists of a sequence of 
three phases to initiate Software Process Improvement in a gradual way, going from awareness and 
contextualization till guidance.  Table 8-1 summarizes the three phases of the model indicating the 
motivation and results for each of them.   

One of the main ideas behind the proposed model is to recognize and mitigate the potential issues 
constraining SPI programs in order to provide a proper environment to initiate the implementation.  This 
is defined as “Problems awareness and mitigation”; Knowledge Management strategies are suggested to 
provide a proper initial set-up where SPI could be adopted without major difficulties and in case of their 
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occurrence the organizational environment would be able to address the potential issues in the appropiate 
moment. 

Another important objective of the model is to make business requirements drive the improvement 
actions in order to provide meaningful benefits for the company.  This is achieved by identifying and 
aligning business requirements with SPI objectives, (which reflect practitioners’ needs).  From this set of 
activities it is possible to prioritize the SPI objectives to be addressed by the improvement actions.  In a 
similar way, prioritized SPI objectives are then connected with OMM goals which, as a result, will be 
prioritized according to SPI objectives and business requirements.  OMM goals are related to Trustworthy 
Elements (TWEs) needing attention according to OMM assessment results.  In this way, OMM 
assessment results integration is done in a context-conscious way, where the context is treated in terms of 
business requirements and practitioners needs.  This phase has been named “Contextual Alignment” 

The third phase of the model, “KM Support” , has been proposed to support OMM practices 
implementation given the prioritized order obtained in the previous phase and taking into consideration 
Knowledge Management Strategies and recommendations that can foster the practices undertaking.   

 
Phase I Phase II Phase III 

WHAT?  
Problems awareness and 
mitigation  

Contextual alignment  KM support 

WHY?  
To prepare the 
organization in order to 
initiate SPI actions 

To relate SPI actions to 
Business requirements, this adds 
value to SPI outcomes 

To provide assistance to 
OMM practices 
implementation 

RESULT  Strategies to support SPI  
1.  Prioritized SPI objectives 
2. Prioritized OMM goals 

Guides to support OMM 
practices 

Table 8-1 SPI model 

The model is expected to generate awareness among practitioners regarding human factors that are not 
always considered but have an important influence on change implementations such as SPI programs.  
Pure engineering approaches tend to focus more into processes, sequence of activities and clean 
implementations according to pre-defined plans.  These considerations are important, but their effective 
realization is highly influenced by human-aspects that cannot be ignored.  The way practitioners are 
prepared to face changes and adopt them are important matters for Software Process Improvement 
initiatives.  The detailed description of each phase and the corresponding steps to properly implement 
them are described within the next three sections of this chapter.   
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8.1 Phase I: Problems awareness and mitigation 
The main objective of this phase is to raise awareness and preparation among the practitioners involved in 
Software Process Improvement.  This is achieved by performing an identification of potential problems 
that could affect SPI initiation and conduction.  According to the identified issues, a set of Knowledge 
Management Strategies is then proposed to practitioners in order to tackle the potential problems by 
preparing the organization to adopt SPI in an environment that facilitates it. 

Since the results of the undertaken survey validated the literature review findings in terms of de-
motivators or problems that companies have when implementing SPI initiatives, these results (in 
particular those corresponding to SMEs)  are used in this first phase of the model.  From the 29 de-
motivators, the ones recognized by 50% or more practitioners in the combined category of 
“high+medium” impact were selected to be included in the model.  A total of 23 de-motivators fulfilled 
this percentage of recognition, but just 19 from those were finally chosen because 4  corresponded mostly 
to financial/organizational reasons that might be lessened as a result of different SPI actions.  Table 8-2 
shows the 19 selected de-motivators to be used in the model.  The factors not included are: Time 
pressure/constraints (90%), Lack of resources (86,7%), Budget constraints (70%) and Commercial 
pressures (66,7%). 

de-motivators for SPI Description 

Inertia Resistance or difficulty to change current habits or practices 

Low process priority 
SPI is taken as a low priority activity with respect to others. (“not so 
important”) 

Workload 
Practitioners have too much work, thus are unable to devote sufficient 
effort to SPI. 

Fire fighting 
Tackling urgent necessities prevents the undertaking of long-term 
beneficial actions. 

Lack of SPI management 
skills 

Insufficient personnel with the appropriate skills to drive SPI in the 
company. 

Inexperienced staff Personnel with insufficient knowledge about the company’s processes. 

Inadequate metrics The collected metrics are not sufficient to guard improvement 
Lack of evidence of direct 
benefits 

Practitioners involved in SPI don’t have or are not provided evidence of 
the success of SPI 

Lack of management 
direction/Commitment 

Senior management does not demonstrate understanding nor 
commitment to SPI 

Isolated best practice 
Best practices are not shared among colleagues of other 
divisions/departments within the company 

Lack of overall support 
SPI is not well supported by involved practitioners and there is apathy 
among some groups. 

Lack of feedback 
No feedback of contributions given by practitioners or outcomes of SPI 
efforts are provided or shared. 

Personality clashes Individuals and personal politics frustrate SPI efforts. 

Lack of standards 
There are not overall standards of Software Development within the 
company.  Different practices and different platforms. 

Irrelevant 
objectives/deliverables 

Real needs are not taken into account, hence practitioners cannot feel 
identified with SPI objectives. 

Large-scale programs 
SPI initiative is too big for the company.  Too complex and too many 
facets at the same time generate coordination problems 

Cumbersome processes Bureaucratic and difficult to implement.  “Over-formalized” processes. 
Project managers lack of 
technical knowledge 

Project managers do not have technical knowledge of software 
production, hence SPI results are not appreciated. 

Inadequate communication Among different levels in the company and different functional areas. 
Table 8-2 Selected SPI de-motivators 
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The first phase of the model is undertaken by indicating from a list of issues (Table 8-2) those that they 
perceive as present within their organizational environment, and hence have the potential to affect SPI 
initiatives.  This activity creates awareness among practitioners about the issues that need to be treated in 
order to conduct SPI in an effective way.    

With the aim of mitigating the identified potential problems, a set of 16 strategies coming mainly from 
the Knowledge Management domain resulting from literature reviews have been selected and are 
described below.  The descriptions provided to practitioners are meant to indicate the main characteristics 
to be taken into account in order to use the strategies.  The inclusion of these strategies is meant to 
prepare the organizational environment to adopt SPI activities and tackle problems in a more effective 
way. 

1. Creation of Organizational Awareness: [27, 34] It has been studied that SPI programs tend to fail 
because the involved practitioners are not well aware of the effort and time that SPI activities may 
require.  It is important to implement informative sessions and discussions in order to provide this 
information.  These sessions can also be used to gather the expectations of practitioners in order to 
discuss SPI implications and benefits from the context of their own impressions.   

2. Communities of practice: [51, 56, 57] A group of people who have a particular activity in common 
and as a consequence have some common knowledge, a sense of community identity, and some 
overlapping values.  These groups are self-managed and not hierarchical; the participants are not 
constrained by delegated functions.  The collective practices are shared without formal reports. E.g.: 
colleagues sharing problems and solutions during break time.  These groups cannot be created by the 
organization or designated by a superior.  The organization can provide the support for its existence 
by providing the spaces for discussion and collaborative work.  

3. DMS / Experience factory: [52] A Document Management System (DMS) can provide the IT 
support for a knowledge-base.  The knowledge-base can be accessed by practitioners in order to get 
information about past projects and lessons learned.  Although it supports explicit knowledge 
codification and storage and facilitates the knowledge access, integration and utilization, it does not 
guarantee the sharing of tacit knowledge among individuals.   

4.  Organizational knowledge creation SECI: [53, 56] The dynamic interaction between tacit and 
explicit knowledge is considered in order to Socialize tacit knowledge from individuals and 
Externalize it in an explicit and common way in order to Combine it with existent data generating 
new forms of explicit knowledge that can be documented.  The constant trial and error of the new 
concepts and procedures will allow individuals to Internalize the new knowledge (learning by 
doing).  

5. Organizational practices and routines:  [60] The unification and formalization of practices can 
foster the creation of organizational culture.  These practices should not be imposed or determined 
by external agents.  The defined processes should reflect practitioners’ routines and practices, hence 
they should be actively involved in their definition.  This is one part of organizational knowledge 
creation.   

6. Training:  [55, 56] When employing new people or introducing new practices it is important to 
define the basic training related to the procedures that will be involved in the new job.  Access to 
knowledge-base systems and explanatory sessions should be planed.  

7. Mentoring:  [57] The direct communication with an experienced practitioner provides a more direct 
insight on practical knowledge that might not be clear just from training.  The support of an 
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experienced colleague provides the opportunity to get feedback and guidance when new practices 
need to be shared among individuals.  

8. Learning-by-doing: [60] In order to incorporate new employees within the organization, in addition 
to  traditional training, the advantages given by direct observation and participation should be taken 
into account. New employees are more likely to learn from reflecting practices than from the 
interpretation of theoretical  procedures. This can be enhanced by mentoring and training.  Gradual 
involvement provides confidence and experience.  

9. Groupware: [50] Collaborative software that allows multiple and simultaneous sharing and 
integration of experiences and knowledge embodied by different team members within a project.  
This kind of technology provides the support for sharing, integration, codification and storage of 
explicit knowledge. 

10. Climate of openness: In order to increase commitment of practitioners, an environment where open 
communication allows to debate different ways to solve problems should be supported [46, 56, 58].  
Management can support this environment by considering   

� Challenge: Balanced task assignment for people not to feel bored of their job or threatened by a 
loss of control. 

�  Freedom:  In the way practitioners achieve the stated goals. Constraining to much the way of 
acting might affect creativity and willingness.  This is not the same as not having any sort of 
control.  

� Supervisory encouragement:  Recognition of creative work and original ideas should be done 
in an explicit way (not necessarily monetary rewards). 

� Organizational support:  providing spaces for knowledge sharing and learning is a good way to 
increase commitment.   

11. Scanning for knowledge:  [58] Continuous searching for new knowledge from external sources will 
keep the organization up-to date. Marketing research for new requirements, new technologies or 
new methods can provide valuable input for current practices. 

12.  Information on context and current state of practice:  [58] In order to implement new practices or 
improve the existent, the current state of practice needs to be considered not just from documents 
but from practitioners’ direct opinions and intervention.  This ensures people feel involved in the 
SPI initiative by understanding the actions to follow and gathering their input regarding possible 
solutions.  

13. System modeling: [58] As a complement to documentation systems, the modeling of process and 
practices  helps to clarify the way different processes interact, and the relevance of different 
deliverables.  

14. Involved leadership: Active leadership and constant motivation of personnel is an important success 
factor for SPI programs and for change implementations [55, 56].  The context of the organization 
and the situation of different groups within it should be considered in order to encourage and 
motivate team members according to their readiness which is the conjunction between their 
capabilities and willingness to participate. Table 8-3 presents different leadership approaches or 
styles to be used according to the readiness of followers [61].  
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Leadership style according to  followers readiness 

Readiness Leadership approach 

R1. Low: 
 Unable, unwilling and 
insecure 

S1. Telling:  The leader provides specific instructions and closely 
supervises the performance. 

R2. Low to moderate: 
 Unable but willing and 
confident 

S2.  Selling:  The leader explains decisions and provides 
opportunities for clarification. 

R3. Moderate:  
Able but unwilling or 
insecure 

S3. Participating:  The leader shares ideas and facilitates the 
decision making process. 

R4. High:  
Able and willing or 
confident 

S4. Delegating:  The leader relinquishes responsibility for decisions 
and implementation to the team members. 

Table 8-3 Leadership styles 

15. Explicit goal definition: [13, 35, 46, 58] Clarity of the business goals of the organization along with 
their trace and relationship to SPI objectives according to current needs will provide the motivation, 
importance and validity for SPI initiatives; measurement of improvement will be also facilitated 
once SPI goals are clear for all the personnel involved.  SPI goal definition should be a participative 
process where practitioners provide their ideas about what needs to be improved.  It is more likely 
that SPI results are considered useful and beneficial if the needs reflected on its outcomes can be 
seen.  In the same way, managers’ participation will support a better understanding of the 
relationship between SPI objectives and business goals, which will help  to give more priority to SPI 
activities. 

16.  Monitoring performance gap: [58] The periodical evaluation of the current situation versus the 
defined SPI objectives, the goals of the organization and the desired outcome will provide feedback 
to practitioners in order to make them know what has been achieved and what should be the next 
step.  A common understanding of the current situation and the further actions to be taken will 
facilitate the practices adoption and  will encourage practitioners to keep working on SPI activities.   

The purpose of the first phase of the model is to use the strategies presented above to mitigate the issues 
practitioners had found previously.  In this manner, problems awareness and organizational readiness to 
face them are aligned according to the situation of the company.  The relationship between problems and 
strategies is suggested to practitioners as shown in Table 8-4, where the crosses (+) in the cells indicate 
the strategies suggested by the model to address each of the issues.  This matrix, provided by the model, 
presents an initial guidance suggested to practitioners, who are free to adapt it to their personal 
experiences.  For example, if one has realized that within their organization communities of practice have 
helped to mitigate employees inertia in the past, then, although the model does not relate this particular 
pair (problem-strategy), practitioners are free to support themselves with that strategy. 

Even though the model suggests from two to nine strategies per issue, practitioners can choose to 
implement as many strategies as their possibilities allow them.  Nevertheless, it is important to emphasize 
that more strategies implemented will facilitate SPI initiation and conduction. Awareness (acknowledging 
the present issues) by itself, even though it is a first positive step, is not enough to facilitate SPI 
introduction.  Awareness should produce actions to prevent and mitigate problems.  Those actions are 
proposed in the form of strategies. 
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Inertia                  +       +     

Low process priority +                     +     +   

Inexperienced staff  + +   + + + +   +     +       

Lack of SPI management skills +          + 
 

      +           

Inadequate metrics                            + + 

Lack of evidence of direct benefits +                     +   + +   

Lack of management 

direction/Commitment 
+                         + + + 

Lack of overall support + +     +       + +       +   + 

Isolated best practice  + + + + + + + + +             

Personality clashes                  +       + +   

Lack of feedback + + + +                   +   + 

Inadequate communication    +           + +       +     

Cumbersome processes +     +               + +       

PM's lack of technical knowledge                    +     +     

Large-scale programs +                     +         

Irrelevant objectives/deliverables      +                     +   

Lack of standards  +     +                       

Table 8-4 SPI de-motivators and KM Strategies Matrix 

 

  



 

8.2 Phase II: Contextual 
As presented before, the second phase of the model focuses on Contextual alignment.  
that the realization of this phase requires the execution of four consecutive steps; the detailed description 
of each step is presented within the following subsections. 

Previous considerations regarding the context in terms of the circumstances with the potential to affect 
negatively SPI initiation and conduction were already taken into account in the previous phase.  In this 
phase, the purpose is to drive SPI actions by
achieve valuable and useful results; at the same time, participants are encouraged to 
motivation and involvement during the process.  This early consideration of business requiremen
practitioners needs is what allows further actions to be aligned with the organizational context.  

8.2.1 Step 1: Identification of Business requirements

As it has been recognized by several authors 
beneficial when business goals are considered to drive the improvement actions.  
second phase of the model in the first instance demands
motivating SPI adoption.  Those business requirements 
cycle and its influence on the rea
business demands, it is important to order them in terms of priority.  Prioritization techniques such as the 
ones analyzed by Ahl [62] could be
value indicates a higher priority. 

8.2.2 Step 2: Identification of SPI Objectives

The second step of this phase requires practitioners to indicate their needs in terms of SPI objectives; in 
the same way managers identified business requirements, practitioners are asked to identify from the 
analysis of their daily practices and experiences, the aspects of the activities related to the software life 
cycle that need to be improved in order to fa
a set of SPI objectives reflecting practitioners experiences and expectations.  A list of example
objectives classified according to the Software Engineering Knowledge Areas (KA) gi
SWEBOK[17] is provided in Table 
fact it is transversal to the other KA on the list.  This list is provided within the
guide for practitioners to identify SPI objectives.  
objectives to produce within the execution of this step of the model; despite this, practitioners are free to 
(re)formulate the SPI objectives that represent their circumstances.

•Identification of 
Business 
requirements  and 
priorities

Step 1
Business RQs

•Representation of 
practitioners needs

Contextual Alignment 
As presented before, the second phase of the model focuses on Contextual alignment.  
that the realization of this phase requires the execution of four consecutive steps; the detailed description 
of each step is presented within the following subsections.  

Figure 8-1 Phase II: Overview 

Previous considerations regarding the context in terms of the circumstances with the potential to affect 
negatively SPI initiation and conduction were already taken into account in the previous phase.  In this 
phase, the purpose is to drive SPI actions by business requirements and practitioners needs in order to 
achieve valuable and useful results; at the same time, participants are encouraged to 

during the process.  This early consideration of business requiremen
practitioners needs is what allows further actions to be aligned with the organizational context.  

Step 1: Identification of Business requirements 

As it has been recognized by several authors [10, 14, 21, 33, 35, 41, 42], SPI programs result more 
beneficial when business goals are considered to drive the improvement actions.  As 
second phase of the model in the first instance demands managers to identify business requirements 
motivating SPI adoption.  Those business requirements can be the ones more related to the software life 
cycle and its influence on the realization of the organizational vision and mission.  After identifying the 

, it is important to order them in terms of priority.  Prioritization techniques such as the 
could be taken into account in order to provide the ordered list

 

Step 2: Identification of SPI Objectives 

The second step of this phase requires practitioners to indicate their needs in terms of SPI objectives; in 
the same way managers identified business requirements, practitioners are asked to identify from the 
analysis of their daily practices and experiences, the aspects of the activities related to the software life 
cycle that need to be improved in order to facilitate their work.  From this analysis, it is expected to gather 
a set of SPI objectives reflecting practitioners experiences and expectations.  A list of example
objectives classified according to the Software Engineering Knowledge Areas (KA) gi

Table 8-5, where Software Quality KA is not shown explicitly 
it is transversal to the other KA on the list.  This list is provided within the model definition as a 

guide for practitioners to identify SPI objectives.  Practitioners may use it to consolidate the list of SPI 
objectives to produce within the execution of this step of the model; despite this, practitioners are free to 

the SPI objectives that represent their circumstances. 

Representation of 
practitioners needs

Step 2
SPI Objectives •Alignment of 

practitioners needs 
and Business 
requirements

Step 3
SPIO Prioritization

•Prioritization of 
OMM goals 
according to 
Business RQs and SPI 
objectvies

Ordered OMM goals
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As presented before, the second phase of the model focuses on Contextual alignment.  Figure 8-1 shows 
that the realization of this phase requires the execution of four consecutive steps; the detailed description 

 

Previous considerations regarding the context in terms of the circumstances with the potential to affect 
negatively SPI initiation and conduction were already taken into account in the previous phase.  In this 

business requirements and practitioners needs in order to 
achieve valuable and useful results; at the same time, participants are encouraged to maintain their  

during the process.  This early consideration of business requirements and 
practitioners needs is what allows further actions to be aligned with the organizational context.   

SPI programs result more 
As a consequence, the 
business requirements 

be the ones more related to the software life 
lization of the organizational vision and mission.  After identifying the 

, it is important to order them in terms of priority.  Prioritization techniques such as the 
taken into account in order to provide the ordered list where a higher 

The second step of this phase requires practitioners to indicate their needs in terms of SPI objectives; in 
the same way managers identified business requirements, practitioners are asked to identify from the 
analysis of their daily practices and experiences, the aspects of the activities related to the software life 

cilitate their work.  From this analysis, it is expected to gather 
a set of SPI objectives reflecting practitioners experiences and expectations.  A list of examples of SPI 
objectives classified according to the Software Engineering Knowledge Areas (KA) given by 

, where Software Quality KA is not shown explicitly due to the 
model definition as a 

use it to consolidate the list of SPI 
objectives to produce within the execution of this step of the model; despite this, practitioners are free to 

Prioritization of 
OMM goals 
according to 
Business RQs and SPI 
objectvies

Step 4
Ordered OMM goals
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SPI OBJECTIVES - L IST OF EXAMPLES  
KNOWLEDGE AREA  OBJECTIVES 

Software 
Requirements 

Define non-functional requirements 
Define functional requirements 
Make requirements quantifiable 
Trace requirements to their source 
Define Elicitation process and techniques (Interviews, observation, focus group, 
document review, process elicitation) 
Classify requirements according to priority, scope and delivery time 
Trace architectural design to requirements 
Manager SRS versions 
Define negotiation policies for changing requirements 
Achieve understanding by conceptual modeling 
Verify Requirements 
Validate requirements 
Define acceptance criteria from requirement definition 
Define quality requirements 
Write better requirements: consider their attributes  (reasoning summary, source, 
change history ID) 

Software Design Architectural design description 
Detailed design description from different view points 
Design patterns 
Make architectural design that fits the purpose 
Achieve testable and traceable software architecture 
Achieve modifiability, portability reusability and inerrability 
Verify architecture design fits quality standards and uses proper patterns 
Validate architecture design fits its purpose. 

Software 
construction 

Reuse components 
Construct verifiable software 
Implement construction standards 
Validate the constructed software represents the design specification  
Construct integrable software 
Unify practices among different teams 
Verify functional requirements against specifications 

Software Testing Verify design and code fulfill quality requirements 
Reduce software integration time by implementing integration testing 
Validate functionality of software 
Achieve higher reliability 
Achieve high usability 
Achieve acceptance in less time 
Verify changes effects on software components / Reverse testing 
Increase quality of individual components 
Reduce number of bugs 

Software 
Maintenance 

Reduce reaction time to implement corrective actions 
Reduce number of needed corrective actions by implementing preventive 
actions 
Implement enhancements to anticipate new functional or technology 
requirements 
Reduce reaction time to implement adaptive changes on software 
Prevent maintenance side-effects 

Configuration 
Management 

Maintain a line base of software components and update it regularly 
Retrieve previous stable versions of the system 
Identify between different branches of a version 
Verify  configuration items are maintained following defined agreements 
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SPI OBJECTIVES - L IST OF EXAMPLES  
KNOWLEDGE AREA  OBJECTIVES 

Software 
Engineering 
Management 

Definition of requirement management policies 
Achieve accurate feasibility analysis 
Achieve accurate scope definition 
Implement effective planning activities 
Achieve accurate effort, schedule and cost estimation 
Identify and manage risks for projects 
Recognize status of project by the implementation of measurement processes 

Software 
Engineering Process 

Use software life cycle models according to projects characteristics 
Reduce transition time between different practices implementation 

Table 8-5 SPI objectives - Examples list 

8.2.3 Step 3: Prioritization of SPI Objectives 

From the two obtained lists (Business requirements and SPI objectives), a matrix like the one shown in 
Table 8-6 is formed to prioritize the SPI objectives according to their influence on the business 
requirements; this prioritization corresponds to the third step of the second phase of the model.  As 
indicated in Table 8-6, the rows correspond to SPI Objectives and the columns to Business requirements.    
A similar approach has also been used by Liu et al.  [41] in order to obtain a prioritized list of business 
requirements taking into account different perspectives.  In this case, the comparison is made just between 
business requirements and SPI goals, aiming to prioritize SPI objectives according to their influence on 
the accomplishment of business requirements; therefore, only the priorities of business requirements are 
tabulated in columns (below each business requirement). 
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5 4 3 1 1 
 

Reuse components  �        � 46 

Construct verifiable software   �    �    39 

Implement construction standards       �    3 

Validate the constructed software represents the 
design specification    

�  �   �    24 

Construct integrable software  �       �  18 

Table 8-6 SPI Objectives prioritization Matrix 

The correlation between SPI objectives and business requirements is assigned by practitioners on each 
cell using the values indicated in Table 8-7.  As indicated by different studies using QFD [12, 41, 42, 42, 
43], the values and symbols shown are commonly used to differentiate correlation impact within the 
matrix. 
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Influence Value Symbol 

High 9 � 

Medium 3 � 

Low 1 � 

N/A 0  

Table 8-7 Correlation influence values 

After this assignment of values, the priorities of the SPI objectives (PSPIO) are calculated as shown 
below, where n is the number of business requirements in the matrix, PBRj is the priority of the business 
requirement j and Coij is the correlation value assigned for the SPI Objective i and the business 
requirement j. The corresponding PSPIO values are tabulated within the matrix for each SPI objective, 
which provides a prioritized list of SPI objectives. 
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8.2.4 Step 4: Prioritization of OMM goals 

In order to realize the fourth step, the results of the OMM assessment are taken as input; from those, the 
goals of the TWEs that have not been fulfilled are used to recognize the ones that are more important for 
the organization.  In the same way as SPI Objectives were prioritized according to their relationship with 
business requirements, the prioritization of OMM goals according to their relationship with SPI 
Objectives is undertaken within this step. 
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5 4 3 3   

Provide high quality documentation           

Create product documentation           

Improve product documentation           

Implement Open Standards           

Adopt standard development processes           

Table 8-8 OMM goals prioritization Matrix 

The matrix displayed in Table 8-8 is similar to the one presented in the previous step.  In this case, SPI 
objectives are tabulated into the columns of the matrix, where the prioritization values are indicated 
below each of them.  OMM goals are located in rows,  and their  prioritization values (OMMGP) are 
calculated as shown below, where n is the number of SPI objectives in the matrix, PSPIOj is the priority 
of the SPI Objective j and Coij is the correlation value assigned for the OMM goal i and the SPI Objective 
j. 
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The prioritized list of OMM goals is the final outcome of the second phase of the model.  Given the fact 
that it is the reflection of the two internal products of the phase (i.e., SPI objectives and business 
requirements), the order  list of OMM goals can actually indicate where to start SPI actions according to 
the priorities of the company and its employees involved in the improvement program, which it is 
expected to conduct to the achievement of results that are useful and valuable for all parties interested.  

8.3 Phase III: KM support 
The concluding part of the model focuses on the goals that have been prioritized as the result of the 
previous phase.  The objective is to provide supporting strategies to achieve the OMM goals that are most 
important for the organization.  OMM defines for each goal a set of practices composed by a group of 
Lookfor elements which define the characteristics that foster the practices adoption.  The final 
contribution of the proposed model is to provide support for the implementation of such practices; the 
Knowledge Management strategies used in the first phase are again considered to provide such support.  

With the aim of introducing gradual and continuous improvement steps, it is suggested to divide the list 
of prioritized OMM goals into smaller groups.  By managing smaller groups, practitioners can address 
first what complies with the most important SPI objectives and business requirements.  This approach can 
provide valuable benefits in a shorter period, and at the same time it reduces the risk of facing a 
cumbersome SPI program.  It is also important to highlight that this type of undertaking provides the 
flexibility of not concentrating efforts just on achieving a particular maturity level, but on what represents 
the actual interests of the organization. 

The relationship between OMM goals and KM strategies is the result of studying the definition of OMM 
goals and the practices within them.  The professional experience of the author in combination with the 
literature findings previously presented within this thesis project have been taken into account when 
proposing the relationships between KMS and OMM goals.  Nevertheless, it is important to highlight the 
fact that the recommendations presented within the proposed SPI model are subject to be adapted by 
practitioners if their experience suggests different arrangements between KMS and OMM goals.  

8.3.1 OMM Basic Level and KM Strategies 

As seen in Table 8-9, within OMM basic level,  from 2 to 13 KMS have been chosen to support the 
achievement of each of the goals.  The goal supported by a higher number of KMS (13) is “Plan for 
process quality”, where the only three KMS not related are “System modeling”, 
“Groupware/Collaborative software” and “Learning by doing”.   Following it with 11 KMS are 
“Implement open standards” and “Plan product map”.  10 KMS are supporting the goals “Provide high 
quality documentation”, “Improve product documentation”, “Adopt standard development processes”, 
“Plan for product quality” and “Develop a project Plan”.   The KMS common to all of these goals are 
“Monitoring performance gap”, “Explicit goal definition”, “Involved leadership”, “Information on 
context and current state of the system” and “Mentoring”.    

For the 28 goals of OMM Basic level, the most suggested KMS is “Information on context and current 
state of the system”, which is recommended to support 21 goals.  The KMS “Monitoring performance 
gap” and “Involved leadership” follow it supporting 18 OMM goals each.   These strategies point to 
organization and control approaches to support the adoption of the practices within this level.   On the 
other hand, the KMS related to a smaller number of goals (7) is “Learning by doing”  which is followed 
by “Creation of organizational awareness”, “Communities of practice”, “Organizational knowledge 
creation SECI” and “System modeling” having a total of 8 related goals.  
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Provide high quality documentation 
  

+ + + + + 
    

+ + + + + 

Create product documentation 
  

+ + + + + 
     

+ + + + 

Improve product documentation 
  

+ + 
 

+ + + 
   

+ + + + + 

Implement Open Standards 
 

+ 
  

+ + + + + 
 

+ + 
 

+ + + 

Adopt standard development processes 
 

+ 
 

+ 
 

+ + 
  

+ + + 
 

+ + + 

Ensure strategic independence of the project 
     

+ 
    

+ + 
   

+ 

Provide a high quality test plan 
   

+ 
 

+ + 
    

+ + + + 
 

Implement and manage the testing process + 
   

+ 
 

+ + 
    

+ + 
 

+ 

Improve the testing process 
     

+ + 
  

+ 
 

+ 
 

+ 
  

Select appropriate product licenses 
      

+ 
   

+ + 
 

+ 
  

Manage selected licenses. + 
      

+ 
  

+ 
  

+ 
  

Improve diffusion of FLOSS  + + 
      

+ 
 

+ + 
 

+ + + 

Plan for development resources and infrastructure + 
 

+ 
   

+ 
 

+ 
  

+ + 
  

+ 

Continuously maintain the project environment based 

on feedback (stakeholders such as integrators, 

contributors)  
+ 

 
+ 

    
+ + + + 

 
+ 

 
+ 

Improve use of FLOSS tools 
 

+ 
        

+ + 
  

+ 
 

Provide a user-friendly environment for contributing 

bug reports 
+ 

 
+ 

     
+ + + 

     

Manage the contributions, commits, and bug reports 
        

+ + 
      

Improve the contributing environment 
       

+ + + 
      

Plan for product quality (non-functional requirements) 
  

+ + + + + 
   

+ + 
 

+ + + 
Plan for process quality (stability of the development 

process – conformance to standard development 

approaches) 
+ + + + + + + 

   
+ + 

 
+ + + 

Manage the maintainability  process 
    

+ + + + 
 

+ 
 

+ + + 
 

+ 

Establish baselines 
     

+ 
     

+ 
  

+ 
 

Track and control changes 
    

+ + 
  

+ 
  

+ 
   

+ 

Establish integrity 
     

+ + 
    

+ 
    

Establish estimates 
  

+ 
   

+ + + 
 

+ + 
 

+ 
 

+ 

Develop a project plan + + + 
  

+ + 
 

+ 
  

+ 
 

+ + + 

Manage requirements + 
 

+ 
 

+ + 
  

+ 
     

+ + 

Plan product roadmap 
 

+ 
  

+ 
 

+ 
 

+ + + + + + + + 

Table 8-9 Knowledge Management strategies supporting OMM basic level 
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8.3.2 OMM Intermediate Level and KM Strategies 

For each of the 15 goals within OMM Intermediate level,  there have been chosen between 4 and 14 KMS 
to assist the implementation of the corresponding practices.  As shown in Table 8-10 the goal with the 
highest number of KMS related (14)  is “Develop the FLOSS project”, which is not related to “System 
modeling” nor “Scanning for knowledge” since those KMS are more suitable to assist planning activities 
instead of direct execution of actions resulting from previous planning.  The goal having the second 
highest number of KMS related (13) is “Develop customer requirements” which is not assisted by 
“Organizational practices and routines”, “DMS/Experience factory” and “Creation of organizational 
awareness”.  The goals with less KMS related (4) are “Plan stakeholders involvement” and “Verify 
selected FLOSS work products”; both have in common “Communities of practice” as one of the 
supporting KMS.  Following this order, with 5 related KMS are the goals “Roll out and maintain product 
roadmap” and “Improve stakeholders involvement”.   

The most suggested KMS within this level, formed by 15 goals, are “Organizational practices and 
routines” (11), “Climate of openness” (11), “Groupware/Collaborative software” (10) and “Information 
on context and current state of the system” (10).  These four strategies are all related to communication 
matters within the organization, which indicates that the second level of OMM requires more support on 
this area.  The KMS related to less goals are “Scanning for knowledge” (1), “Creation of organizational 
awareness” (2) and “Learning by doing”(3). 
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Roll out and maintain product roadmap 
        

+ 
 

 

+ + 

 

+ + 

Plan stakeholders involvement 
 

+ + 
     

+ + 

      Manage stakeholders involvement 
 

+ + + + + 
   

+ 

      Improve stakeholders involvement 
 

+ 
    

+ + 
 

+ 

   

+ 

  Objectively evaluate process and work products 
  

+ 
 

+ 
   

+ + 

 

+ 

  

+ + 

Provide objective insight 
  

+ 
 

+ 
    

+ 

 

+ 

  

+ + 

Monitor project against plan 
  

+ 
 

+ 
   

+ 
 

 

+ 

 

+ 

 

+ 

Implement corrective actions 
  

+ 
 

+ 
   

+ + 

 

+ 

 

+ 

  Prepare for verification 
  

+ 
 

+ + + 
   

 

+ + 

 

+ 

 Perform pear reviews 
 

+ 
 

+ + 
   

+ + 

 

+ 

    Verify selected FLOSS work products 
 

+ 
  

+ 
     

    

+ + 

Develop customer Requirements 
 

+ 
 

+ 
 

+ + + + + + + + + + + 

Develop the FLOSS project + + + + + + + + + + 

 

+ 

 

+ + + 

Trace all requirements 
    

+ 
   

+ + 

 

+ + 

  

+ 

Obtain commitment to the plan + + 
  

+ 
   

+ + 

   

+ + + 

Table 8-10 Knowledge Management Strategies supporting OMM intermediate level 
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8.3.3 OMM Advanced Level and KM Strategies 

Table 8-11 presents the suggested relationships between the 20 goals of OMM advance level and the 
KMS.  For this level, the  model suggests between 3 and 11 KMS to assist the implementation of 
practices corresponding to the listed goals.  “Internal assessment with standard methodologies”, 
“Analyze and validate requirements” and “Identify and analyze risks” are the goals relating 11 practices 
for their effective achievement.  In the same order, “Prepare for risk management”, “Maintain visibility 
of assessment plans and assessment results” and “Develop FLOSS project requirements” follow that 
result, where the former goal is related to 10 KMS and the rest support their implementation on 9 KMS.  
On the other hand, “Assemble product components and deliver the product”, “Implement assessment 
suggestions”, Prepare for product integration”, “Develop the design” and “Validate FLOSS project or 
FLOSS components” are the goals with a smaller number of related KMS, where the former is associated 
to 3 KMS and the rest are supported by 5 strategies. 

The less related KMS within this level are “Groupware/Collaborative software”, “Creation of 
organizational awareness” and “Mentoring”, related to  5, 6 and 7 goals respectively.  In contrast, the 
KMS suggested to the higher number of goals are “Involved leadership”,  “Information on context and 
current state of the system” and “Organizational practices and routines”, all related to 12 out of the 20 
goals conforming OMM advanced level; following the same order, “Communities of practice”, 
“Organizational knowledge creation SECI”, “Learning-by-doing” and “Monitoring performance gap” 
are related to 10 OMM goals.  These results indicate that in contrast to the basic level, where the KMS 
indicated the need for strategies orientated to control and tracking of practices, the advanced level of 
OMM requires more support in terms of leadership and human interaction in order to effectively address 
the corresponding practices adoption. 
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Create an environment that supports high level of 

contribution from institutional entities 
+ +             + + + + + +     

Strive to expand the number of contributions   +               + +     + + + 

Obtain development process and product assessment 

results 
    + + +       +     +     + + 

Internal assessments with standard methodologies + + + + + +     + +       + + + 

Implement assessment suggestions     +   +     +     +     +     

Maintain visibility of assessment plans and 

assessment results 
+   + +         + +   +   + + + 

Establish and improve reputation of the FLOSS 

product 
      +       +   + + +   +     

Prepare for Product Integration         + +     +     + +       

Ensure Interface Compatibility   +     +   + +       + +       

Assemble Product Components and Deliver the 

Product 
       + +   +                    

Develop FLOSS Project Requirements   + + +       +     + + + + +   

Analyze and Validate Requirements   + + + +   + +   +   + + +   + 

Select FLOSS  Component Solutions   +           +   + + +   +     

Develop the Design         +     +         + +   + 

Implement the FLOSS Project Design         + + + +         +     + 

Prepare for Risk Management + +   +   + + +     + +   + +   

Identify and Analyze Risks + +   + + + +     +   +   + + + 

Mitigate Risks + +   +   + + +               + 

Prepare for Validation     +   + +       + + + +   +   

Validate FLOSS Project or FLOSS Components     +   + +                 + + 

Table 8-11 Knowledge Management Strategies supporting OMM advanced level 
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9 Model evaluation and validation 

It is important to state that the SPI model presented in chapter 8 is the result of the maturation of the 
initial idea for SPI guidance; in other words, a preliminary evaluation of the proposed SPI model allowed 
to improve its structure and the improved version is the one described in chapter 8.  This chapter 
describes the activities performed when presenting the initial version of the model, the changes 
undertaken as a result of the obtained feedback and the validation with practitioners of the improved 
version of the model.  Considerations regarding threats to validity are presented at the end of the chapter. 

There are two major differences between the preliminary version of the model and the one presented in 
the previous chapter: 

1. Within the second phase of the model, practitioners were asked to provide SPI objectives in 
combination with business requirements.  No particular attention was given to the identification, 
prioritization or distinction between those two types of requirements that express business or 
practitioners needs respectively.   
 

2. The first version of the model did not include the OMM goals to relate directly with SPI 
objectives; the relationship between OMM and SPI objectives was initially proposed to be done 
using the TWE.  In other words, the second phase of the model did not prioritize OMM goals but 
TWE according to the set of combined SPI objectives and business requirements.  It was thought 
that by considering just that level of detail, practitioners would have more freedom to implement 
the corresponding goals and practices. 

Despite these differences, the main ideas of providing an order for implementing SPI steps in an 
incremental way and to prioritize those steps according to actual needs reflecting the situation of the 
company were present in that initial version of the model. 

In order to make the corresponding changes that led the model to evolve to the current version, two 
different activities were performed with the purpose to find improvement opportunities and to validate the 
introduced changes.  The first activity was a focus group session where the initial version of the model 
was presented and tested in terms of usability within an academic context.  This activity provided the 
initial feedback that motivated the changes introduced and then presented in the model validation.  That 
validation is the second activity, and it was performed in an industrial context.  Both activities and their 
corresponding results are described within this chapter in the following subsections. 

9.1 Initial evaluation: Focus group 
As it was stated in Chapter 3, a focus group session was initially chosen as the validation approach to 
analyze the results of findings.  The initial purpose was to obtain perceptions regarding knowledge 
management approaches dealing with common issues within the Software Engineering domain; but at the 
time the focus group session was undertaken (August 5th 2010), the initial version of the SPI model was 
completed and ready for evaluation.  This situation rose the opportunity to obtain feedback about the 
model in order to improve it.   

Focus groups have been used in Software Engineering mainly as a requirements elicitation technique 
[63].  This technique provides general insights of participants regarding a subject of common interest for 
them; the session has to be conducted carefully in order to provide place to discussion at the same time 
that it is aligned with the stated objectives.  Usually this kind of sessions are used when common needs 
and perceptions are being gathered from stakeholders in a project during early phases. 
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9.1.1 Session structure 

The general objective of the focus group session was to gather opinions and improvement opportunities 
regarding the proposed SPI model.  The session was planned to have three different moments, each with 
specific objectives and activities as shown in Table 9-1.  The focus group was undertaken within an 
academic context, where 3 professors from the Computer Science department of the Free University of 
Bolzano participated in the session that was originally intended to last 90 minutes. 

Focus Group – Session planning 
Phase Objective Activity 
I. Background 

presentation 
� To present the motivations 

that lead the elaboration of 
the proposed model 

� To present the different 
phases of the model 

Presentation with slides and time for questions 
regarding motivation and general structure of 
the model. 

II. Exercise � To simulate the model 
usage. 

� To gather participants’ 
impressions about the 
model’s usability 

Participants used the model’s matrices in order 
to complete an example case to use the model. 

III.  Discussion � To gather participants’ 
opinions about the model 
phases. 

� To recognize improvement 
opportunities 

Participants were asked to provide their 
impressions and feedback from the exercise. 
 

Table 9-1 Focus Group - Session planning 

9.1.2 Session development 

The first phase of the meeting was conducted to present the proposed SPI model by giving a brief 
description of the main ideas behind its structure.  This phase was planned to last a maximum of 15 
minutes and it was supported by a presentation with slides.  Participants were able to clarify doubts for 10 
minutes after the presentation and before to initiate the second phase of the focus group session. 

In order to develop the planned activities for the second phase of the session, participants were given a set 
of documents consisting on the printed copies of: 

A1. Selected de-motivators (as shown in Table 8-2) 

A2. Description of 15 Knowledge Management strategies; “Creation of organizational awareness” 
was not included in the list. 

A3. Two copies of the matrix of phase I (Table 8-4); One copy with empty cells and the other with 
the proposed relationships between KMS and Issues. 

A4. A description of the TWE of OMM Intermediate level. 

A5. A matrix to relate an example combination of SPI objectives and business requirements to be 
correlated to the TWE of OMM Intermediate level.  Similar to Table 8-8, which relates OMM 
goals and SPI Objectives instead. 

The material handed in as part of the focus group session reflects the different characteristics of the first 
version of the SPI model previously described at the beginning of this chapter, and it was given to support 
the realization of the following steps: 
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1. Analysis of the given Knowledge Management strategies and de-motivators: Participants were 
given time to read the corresponding material i.e., documents A1 and A2.  Afterwards, they were 
given the time to ask questions in case it was necessary. 
 

2. KMS and de-motivators co-relation: Each assistant was asked to fill the empty matrix in 
document A3 and then compare their impressions with the filled matrix provided. 
 

3. OMM and Organizational alignment: Analysis and relationship of TWE of OMM Intermediate 
level with a set of given SPI objectives and business requirements (documents A4 and A5). 

The execution of these steps, which took 45 minutes, allowed to test the concordance of the main 
objectives of the model regarding problems awareness and mitigation, contextual alignment and 
guidance.  Given the time constraints of the participants, the third phase of the model was not tested in the 
same way i.e., as an activity given in an exercise; that phase was presented as a conclusion to the second 
moment of the focus group session.   

9.1.3 Results 

After the exercise execution, the discussion moment was undertaken with the active collaboration of the 
participants of the session; about 20 minutes were necessary to perform the discussion in order to obtain 
preliminary feedback and impressions.  Positive remarks regarding the coherence of the model and the 
objectives of each phase were gathered, participants agreed on the order of ideas presented by the model 
and the potential benefits for practitioners.  Nevertheless, observations related to some improvement 
opportunities were provided and are summarized below: 

� Participants were satisfied with the inclusion of Knowledge Management strategies to support 
and foster SPI.  When presenting and justifying the reasons for the first phase of the model, it 
was stated how organizational awareness is necessary in order to implement effective changes; 
this was again remarked by practitioners when providing their impressions.  Even though 
“Organizational awareness” is a transversal activity and consequence when implementing any of 
the  KMS, its reinforcement is important to be considered by practitioners as a particular strategy 
to mitigate potential problems. 
 

� The alignment of OMM goals with business requirements and SPI objectives was initially done 
using a combined list of them.  As part of the discussion time of the session, the author presented 
to the participants the correlation between business requirements and SPI objectives as drivers to 
the improvement actions; these drivers represent different perspectives within the organization 
that can be traced to OMM goals.  Since the objective was more clear for participants after 
specifying that correlation, the second phase of the model was further developed to explicitly 
show the difference and correlation between the two perspectives.  An initial list of example SPI 
objectives was included within the model in order to be used by practitioners as a guide. 
 

� After analyzing the model testing results, it was evident that further detail regarding OMM TWE 
was necessary in order to provide useful guidance.  Because of this reason, the TWE were 
replaced in the third phase of the model by the OMM goals in each level.  By including this level 
of detail, the relationship between SPI objectives and OMM became more clear. 

The focus group session finished with very positive outcomes.  A good level of acceptance of the model 
and usability of its matrices was expressed by participants, and the gathered observations provided the 
opportunity to modify the model into the improved version that is presented as the major result of the 
thesis research. 
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9.2 Validation with practitioners 
After implementing the changes resulting from the feedback obtained in the focus group session, the 
proposed SPI model was subject to validation by practitioners.  Because SPI initiatives are long term 
projects within organizations, it was not originally included within the scope of the thesis project to 
perform a validation of the model in an industrial environment.  Nevertheless, after the focus group 
session it was seen that the model could be tested in a similar way with participants from Industry by 
using real OMM evaluation results as actual inputs to the test.  This situation gave the opportunity to 
undertake a validation session of the model with the collaboration of two Project Managers from 
Engineering Italy4, the biggest Software Development company in Italy, that has within its projects the 
development of the project SpagoBI, an Open Source Business Intelligent Suit belonging to the project  
SpagoWorld.  Previous results of an OMM assessment done by the company for the SpagoBI project 
together with business requirements identified by the Project Manager participating in the validation were 
used to conduct the evaluation and test the usability and acceptance of the proposed SPI model. 

9.2.1 Session Planning 

Given the fact that Engineering is part of the QualiPSo consortium, it was possible to arrange a virtual 
meeting to be conducted in September 2nd 2010; this session was planned to last 90 minutes considering 
the practitioners’ time constraints.  The session planning was shared with practitioners 3 weeks before the 
date in order to communicate the objectives of the meeting and the activities to do within its realization.  
Table 9-2 shows the overall information provided to practitioners before the meeting.  After seeing this 
information, practitioners requested in advance the list of de-motivators for SPI, which was sent 2 weeks 
before the meeting. 

Validation Session - Planning 
Objective and 
general 
description 

To test the proposed SPI model asking the participants to share the results of the 
performed OMM evaluation. 
As a result of the exercise, the participants will get a list of strategies to take into 
account when starting SPI programs, a list of SPI objectives according to the business 
requirements, the list of prioritized OMM goals to address according to previous 
assessments and finally a set of guidelines to undertake the actions to cover the 
identified priorities. 

Summarized description of activities 
Part I • The participants receive the list of de-motivators for SPI and are asked to select 

those that are present in their working environment. 

• The corresponding Knowledge Management strategies to deal with those issues are 
presented 

Part II • The participants are asked to identify business requirements of the organization and 
give them a priority order. 

• Participants are asked to identify the reasons that would motivate SPI (i.e., SPI 
objectives) 

• The identified business requirements and SPI objectives are correlated. 

• Results of the previous OMM assessment are asked to practitioners in order to 
prioritize improvement actions. 

Part III • A set of recommendations in term of Knowledge Management strategies is given for 
the most important OMM goals. 

• Impressions and feedback:  An open discussion session for practitioners to share 
their impressions. 

Table 9-2 Validation Session – Planning 

                                                           
4 Further information about the company can be found in http://www.eng.it/ (last accessed in September 
2010) 
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9.2.2 Session realization 

The validation session was done in a virtual voice-meeting over the Internet.  In order to perform the 
planned activities participants were given a set  electronic copies of: 

B1. Slides presenting the model motivation, its relation with OMM assessments, the model overall 
description as shown in Table 8-1 and a summarized description of the steps of each phase. 

B2. A list of issues affecting SPI as presented in Table 8-2. 

B3. A list of the 16 KMS as presented in chapter 8.1. 

B4. Matrix relating SPI de-motivators and KMS as shown in Table 8-4. 

B5. A list of SPI objectives as shown in Table 8-5. 

B6. Matrix relating KMS and goals of OMM Intermediate level as shown in Table 8-10. 

First, the slides presentation was guided for practitioners to see the corresponding slides according to the 
presentation of the author.  After presenting the overall description of the model, the steps for undertaking 
each of the phases were followed by practitioners according to the provided guidance; further explanation 
was given within the meeting.   

The participating Project Managers were asked to agree on a subset of the de-motivators for SPI.  A total 
of 8 de-motivators were chosen for the exercise realization.  The corresponding KMS were discussed and 
presented; within this activity, practitioners expressed their agreement and satisfaction with the 
suggestions given by the model.  The participants indicated they have done some of the activities 
described in the KMS without being fully aware of it. Nonetheless, both Project  Managers agreed on the 
potential value of KMS when performed in a conscious and structured way. 

For the second phase of the model the participants were asked to agree on three business requirements 
and three SPI objectives in order to perform the prioritization of SPI objectives and the subsequent 
prioritization of OMM goals.  From the prioritization of SPI objectives, 2 objectives had the highest 
priority and were selected to prioritize OMM goals.  From the OMM Intermediate level the goals “Plan 
stakeholders involvement” and “Objectively evaluate process and work product” were selected to present 
the KMS indicated by the model to support the implementation of the corresponding practices.   

9.2.3 Results 

After undertaking all phases of the SPI model by using a small set of de-motivators, business 
requirements, SPI objectives, and OMM goals participants were asked to provide their impressions about 
the model utilization experience and feedback.  The total time required to undertake all the activities 
planned for the validation was 120 minutes.  This time exceed the initial plan; this occurred as a result of 
the active participation and involvement of both practitioners in the meeting.   

Both Project Managers agreed on stating their interest on using the model to conduct SPI programs within 
their departments.  It was easy to introduce to them the importance of Knowledge Management support 
for SPI initiatives, and both expressed that they had previously implemented in some extent some of the 
KMS without being fully aware of it.  When asked about previous consideration of Knowledge 
Management to tackle issues preventing SPI, the participants expressed they had not done it effectively.  
Regarding the model’s approach to drive the improvement steps, practitioners found it important to start 
with business requirements and trace them through SPI objectives and finally OMM goals; from their 
point of view the approach given by the model helps to organize SPI actions in a more effective way.   

Regarding OMM assessment results, participants expressed that instead of pursuing a higher maturity 
level they are more interested in fulfilling the TWE that represent direct benefits to their current situation.  
As a result, they found SPI objectives to be “the best” drivers for SPI programs.  According to this 
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situation, practitioners stated that they prefer to address the implementation of practices that reflect their 
needs better than the ones that would help them to completely fulfill a maturity level.  The approach given 
by the proposed model provides them the goals and corresponding practices to implement to achieve their 
SPI objectives.  Both participants were interested in getting an electronic copy of the model definition in 
order to use it within their departments. 

An important remark from the execution of the validation session is the fact that the software tool that 
supports the SPI model was not tested as part of the exercise.  This caused the calculations and work with 
matrices to be slowed down.  The importance of the software tool in terms of usability of the SPI model 
was highly perceived in the execution of this activity.  Despite that the software application is not meant 
to be the only expression of the SPI model, its support facilitates the data handling allowing practitioners 
to concentrate on the results of calculations and the suggested strategies instead of focusing on the 
intermediate steps. 

9.3 Validity Threats 
Even though the results of both, the model preliminary presentation and further validation were very 
positive in terms of comments and impressions of participants.  It is important to acknowledge the 
potential threats to the validity [25] of the conclusions from both experiences.   

There is an internal validity threat regarding the size of the groups of subjects participating in the focus 
group and in the validation session.  For the focus group it was possible to gather three participants, 
which is a small number for the size of the group; this kind of group sessions are usually undertaken with 
more subjects but the availability of potential participants was a constraining factor in this case.  
Nevertheless, the gathered group has background on research and industry; the professors that 
participated in the session also have the required experience on thesis evaluation, which allowed them to 
provide feedback regarding the structure of the project.  Regardless these advantages, the group had an 
homogenous background, which causes their impressions to be potentially biased or influenced by their 
context.   This validity threat was mitigated by undertaking the validation session with practitioners.  Any 
possible impression caused by the context would be identified in the validation session; this provides a 
stronger foundation for the proposed SPI model .  The variety of the two groups provided a partial 
mitigation of this threat to internal validity. 

The fact that the SPI model validation was performed with a limited amount of data (e.g., OMM goals of 
the Intermediate level without including the ones from the Basic or Advance level) represents a construct 
validity threat.  Because the results of the validation session are related to the data used to conduct the 
exercise, it is possible that the outcomes of the validation are affected by the characteristics of that data.  
This validity threat is partially mitigated by the fact that within the same exercise, actual data from the 
organization was requested to practitioners to complete the undertaking and make it as close to reality as 
possible according to the situation.  Further evaluations of the model including data of the other OMM 
levels are required in order to mitigate completely this threat. 

Another validity threat concerns external validity of the proposed model.  Because of the scope of the 
thesis project and the nature of SPI programs, it is not possible to perform a complete test of the model 
within an SPI program.  Further evaluations with this purpose are still needed in order to implement 
further validations to the model and to keep improving its structure.  Despite this situation, the fact that a 
preliminary validation was performed with practitioners is a contribution to mitigate this threat, and it 
provides initial evidence about the model’s fitness for SPI guidance and its usability according to 
practitioners point of view. 
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10 Supporting Tool  

In order to provide support for the model usage, a software tool has been developed with the aim to 
provide guidance for the steps to follow when undertaking the model phases and each of their activities.  
The main objective of the supporting tool is to provide assistance to practitioners when implementing the 
model phases.  This chapter presents the general description of the functionalities of the developed 
application and its relation with the proposed SPI model. 

As it is described in Chapter 9, the model was evaluated and validated in two different moments with 
researches and practitioners.  From those experiences it was evident that the assistance provided by a tool 
has a potential positive impact on the usability of the model; the software tool was not ready to be tested 
neither as part of the evaluation nor the validation of the model.  Even though the evaluation was done 
with a small amount of data, using a software tool to support the SPI model would help to present the 
matrices and their use in an easier way.  By having a software tool supporting the structure of the model, 
the data manipulation (business requirements, SPI objectives, de-motivators, KMS and OMM goals) can 
be done in a more effective and easy way.    

Within chapters 4 to 7,  different studies [9, 35, 55] have stated that the adoption of processes and change 
within SPI programs can be fostered by using software tools that support the implementation of newly 
introduced practices or the SPI program activities.  As a means of guidance, a supportive tool for the SPI 
model implementation (SPIOMM), has been designed.  SPIOMM, supports the three phases of the model 
as it is presented in the Use Case diagram in Figure 10-1.     

 
Figure 10-1 Use Case diagram SPIOMM 
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SPIOMM uses the results of OMM evaluations performed using the on-line assessment tool available at 
http://qualipso.case.unibz.it/omm/ The communication with the tool is performed using two web services 
available to get the list of projects evaluated using the tool and the results of the assessment of a particular 
project.  This information allows to use the OMM goals according to their particular assessment result 
when undertaking phase II and III.  The general description of each use case is presented below. 

UC01 Get projects Information 

The objective of this use case is to obtain the list of projects that have been previously evaluated using  
the OMM on-line assessment tool.  The list of projects is obtained by using a web service available on the 
server where the tool is installed.  From the list of projects, the user is able to select the assessment results 
to use in the SPI program.  The UC02 is initiated within this Use Case. 

UC02 Get OMM Evaluation results 

This Use Case is called by the user when selecting a project from the obtained list of assessed projects.  A 
web service client is responsible to retrieve the detailed assessment results of the selected project as a file. 
Those results are necessary to initiate UC08, UC09 and UC10. 

UC03 Issues selection 

This Use Case covers the functionality related to the first phase of the model.  The user has the possibility 
to choose the de-motivators from a list with the corresponding descriptions.  After the user indicates all 
the corresponding de-motivators that have been chosen, the system displays the matrix with the correlated 
KMS for the selected de-motivators.   

UC04 Insert business requirements 

The functionality corresponding to the first step of the second phase is presented within this Use Case.  
The user has the possibility to insert the business requirements and their priorities; the system provides 
the option to delete, edit and add business requirements.  The complete realization of the activities within 
this Use Case is a precondition to initiate UC05, UC06 , UC07, UC08, UC09 and UC10. 

UC05 Insert SPI objectives 

The user has the  possibility to add, edit and delete the SPI objectives identified by practitioners in a 
similar way business requirements are handled in UC04.  Since SPI objectives do not have an initial 
priority,  the user has to indicate when all the SPI objectives are ready to be correlated with the business 
requirements.  Within the execution of this Use Case, the system provides the possibility to select SPI 
objectives from a pre-defined list (UC06).  The SPI objectives inserted as the result of executing UC06 
can be also edited or deleted by the user as the ones inserted manually. 

UC06 Select SPI objectives 

The system provides a list of SPI objectives  classified by Knowledge Areas as presented in Table 8-5.  
The user has the possibility of selecting the ones that are going to be included in the SPI objectives list 
that is going to be used in the undertaking of the rest of activities of the second phase of the SPI model.  
After the user has selected the SPI objectives, the system goes back to the list presented in UC05 and 
includes the selected items. 

UC07 Prioritize SPI objectives 

After the insertion of SPI objective. The system displays the correlation matrix as shown in Table 8-6 for 
the user to indicate the degree of impact on each cell, empty cells are treated as impact 0.  The system 
calculates the priority of each SPI objective, and when the user indicates that has finished the insertion of 
impact values, the system displays the list of ordered SPI objectives with the calculated priorities.  In 
order to initiate this Use Case, UC04 must be previously completed.  This Use Case needs to be 
completed in order to initiate UC08, UC09 and UC10. 
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UC08 Prioritize OMM goals 

After the priorities of the SPI objectives have been calculated, the system provides the functionality to 
match them with the OMM goals that have not been yet  achieved according to the results of the previous 
assessment.  (These results are gathered as the result of the execution of UC02).  The system provides the 
user the option to indicate how many SPI objectives wants to include in the analysis and displays a matrix 
like Table 8-8  with the corresponding number of  SPI objectives ordered according to priority.  The user 
has the possibility to indicate on each cell the degree of impact.  Empty cells are treated as having impact 
0.  The Use Case finalizes when the user indicates that has completed the matrix.  This use case has to be 
completed in order to initiate UC09 and UC10. 

UC09 Consult strategies recommendations 

To assist the activities within the third phase, the system asks the user how many goals wants to analyze 
in terms of the related KMS; then the system shows the corresponding matrix correlating the OMM goals 
with the KMS  as presented in Table 8-9, Table 8-10 and Table 8-11.  The user has the possibility of 
selecting a particular OMM goal in order to see the descriptions of the related KMS.  Within this Use 
Case, the user can initiate UC10. 

UC10 Change KM strategies 

When the system displays the correlation matrix of OMM goals and KMS the user can include or exclude 
relationships between them.  This means that the system provides the user with the functionality to 
indicate different relationships between OMM goals and KMS according to his or her experience.  If the 
user decides to do this, the changes will be seen in the matrix shown  in UC09. This Use case occurs 
within UC09. 
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11 Conclusions and future work 

Partial conclusions and brief description of findings have been presented at the end of each chapter.  This 
final chapter highlights the major aspects found while undertaking this thesis project.   

Literature reviews have been a suitable method to build the theoretical background that supports the 
proposed SPI model. Given that they allow to include the results of multiple case studies, experiments 
and experiences from researchers and practitioners from different parts of the world, Literature reviews 
help to increase the external validity of the conclusions obtained from the research   An structured process 
to guide their undertaking is an important tool to reproduce the corresponding results.   Nevertheless, for 
avoiding threats to the construct validity of the findings it is ideal to count with additional colleagues to 
perform the corresponding selection of papers and cross-checking in order to avoid mono-method bias. 

As it was highlighted at the end of Chapter 4, the investigation related to answer the research question 
RQ1 (regarding current practices used to implement SPI in SMEs) indicates that contextual matters shape 
the improvement actions that a company can take.  It is because of this reason that more complex or well-
known SPI models are being tailored according to the needs of SMEs.  It was also seen that in many cases 
new models are developed taking into account the particular characteristics of these kind of organizations.   

When studying CMMI implementations in SMEs, the answer to the research question RQ2 detailed at the 
end of Chapter 5 pointed out that the major challenge for SMEs wanting to use CMMI or other high level 
SPI models is to maintain low complexity.  This is difficult given that these models are usually developed 
for bigger companies that can afford its implementation in terms of infrastructure and resources.  It was 
also seen that many authors agree on the importance of defining SPI goals in terms of the business 
priorities and requirements of the company.  This was pointed as a common difficulty because many 
organizations define the goals of SPI programs in terms of certifications instead of valuable outcomes. 

SPI programs have been subject of numerous studies that analyze the difficulties surrounding these kind 
of initiatives and different ways to undertake and control improvement actions; from literature studies, the 
results gathered from the undertaken survey, and conversations with practitioners within the validation 
meeting it has been confirmed that despite the benefits of SPI programs, organizations still perceive them 
as a burden.  There are many constraints to initiate and conduct SPI programs; the results of the 
performed survey confirm that.  This conclusion allowed to answer research question RQ3 as it was 
presented in chapter 6. 

The inherent difference of SMEs has been considered in the past few years in order to provide them tools 
to achieve competitive advantage in terms of quality processes.  It is important to remark the fact that 
SMEs represent 99%5 of all enterprises in the E.U.  This increases the importance and the impact that SPI 
approaches considering SMEs characteristics have.  This model has been designed to be used by SMEs 
and FLOSS development communities and organizations; considering its simplicity of implementation, it 
provides the guidance and support to initiate SPI programs in an easy way.  Practitioners and researchers 
have agreed on the suitability of the model; nevertheless, the model is still subject to more extensive 
validations conducting SPI programs. 

As a result of the realization of different activities within this thesis project, in particular from 
conversations with practitioners, it has to be highlighted the importance of contextual awareness as a 
driver for SPI.  Practitioners expressed that their interest was not to achieve a higher maturity level, but to 
improve the TWEs that represent their actual needs. This can be compared with the two different 
approaches to implement CMMI,  i.e., staged or continuous representation.  Considering this, the 
                                                           
5 Information published by the European Commission consulted last time on September 2010.  Available 
at: http://ec.europa.eu/enterprise/policies/sme/facts-figures-analysis/sme-definition/index_en.htm  
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presented SPI model provides the flexibility to implement the practices that better reflect business 
requirements and SPI objectives by prioritizing SPI actions according to the context of the organization.  
This way of conducting SPI is similar to CMM continuous representation, which allows practitioners to 
focus on the processes that are more important for the organization instead of the ones needed to achieve 
a maturity level. 

From literature findings [19, 56-58, 64] and from the survey results, it can be seen that besides the 
resources constraints, SPI initiative area highly affected by human factors.  Change implementations 
affect directly practitioners routines, habits and knowledge; it is because of this that the importance of 
considering knowledge management approaches is high.  As an engineering field, Software Engineering 
has provided different approaches to improve processes and product quality; most of the solutions are 
based in process unification, measurement, and control.  These characteristics reflect engineering styles 
and are very positive to obtain better results in a systematic way.  Nevertheless, since software 
development practices relay completely on human knowledge and interaction, social considerations and 
Knowledge Management strategies are needed to support the successful implementation of any 
engineering practice.  This conclusion represents the answer of the research question RQ4 as it was 
further detailed within Chapter 7; along with the answer of research questions RQ1, RQ2 and RQ3 it 
provided the foundation needed to define the model presented in chapter 8 as the answer of research 
question RQ5. 

FLOSS communities have been growing in the last years.  The importance of taking into account the 
characteristics inherent to FLOSS development and implementation is constantly increasing.  The OMM 
provides a suitable approach that can be used by FLOSS communities and enterprises integrating or 
developing FLOSS.  The proposed SPI model, product of this thesis work has been developed with the 
aim of providing guidance to FLOSS communities and enterprises; the impact of implementing SPI under 
the circumstances given by FLOSS development and integration is expected to be seen in terms of higher 
quality of products and higher efficiency of practices. 

Further efforts on the SPI model validation are still needed in order to ensure, in a higher degree, its 
usability and the value of its results.  Pilot projects in different organizations are ideal scenarios to 
maturate the model structure and identify improvement opportunities to provide better guidance 
according to the usage experiences.  From the utilization of the SPI model in different scenarios, better 
approaches to assist OMM practices implementation can be identified to be included in future versions of 
the SPI model.  Suggestions on experiment design alternatives to perform this activity were presented in 
chapter 3. 

The software tool that supports the model implementation is still in an initial stage.  Further validations 
and enhancements can be done at the same time the SPI model is tested; this joint activities would 
reinforce the relationship between the SPI model and the tool, and would also facilitate the correct 
introduction of the activities within the phases of the model.  Automated tracking of the status of the SPI 
program, storage and retrieval of results from previous SPI actions, and generation of reports are 
examples of functionalities that have the potential to increase the value provided by the software tool. 

As a final remark, it is important to recognize the usability impact that technology tools have when 
adopting changes on processes  and new practices.  This advantage can be used by SPI programs in order 
to facilitate their adoption within organizations.  Despite of this, it is also important to highlight that 
technology adoption or tools implementation does not guarantee the effective undertaking of SPI 
programs.  It is just by synergy between different dimensions like human factors, processes definition, 
knowledge management, organizational support and technology assistance that SPI programs can be 
effectively conducted to achieve valuable results for the organizational needs.   
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Appendix A Survey - Issues affecting SPI 

 This survey has the main objective to validate previous findings on the most common de-motivators that 
organizations have when attempting to implement Software Process Improvement (SPI) initiatives.  It 
also seeks to get some indicators of how Free/Libre Open Source (FLOSS) is integrated in organization's 
IT platforms, services and/or products. 

Welcome!!, and thank you for your willingness to contribute to this project by donating a bit of your time.  
Answering this survey will take you between 5 and 8 minutes. 

There are 10 questions in this survey 

Profile characterization 

 The first section requires some of your data in order to gather statistic information about the perceptions 
on SPI from different roles. 

1 [1.1]What is your current role regarding SPI in software industry? * 

Please choose only one of the following: 

•  Senior Manager 

•  Project Manager 

•  Process Manager/responsible 

•  Developer 

•  Expert (active researcher, former practitioner) 

•  Other   

 If you have recently changed your role and you feel more identified (because of experience) with your 
previous role, please select that one. 

2 [1.2]Please select the years of experience you have in the role you just selected.  * 

Please choose only one of the following: 

•  less than 1 

•  1-3 

•  3-5 

•  5-7 

•  more than 7  
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3 [1.3]What is your point of view regarding SPI implementations? * 

Please choose only one of the following: 

•  Must be undertaken 

•  Should be undertaken 

•  Could be undertaken 

•  Could not be undertaken 

•  Should not be undertaken 

•  Must not be undertaken 

Make a comment on your choice here:  

  

4 [1.4] What is the size of the organization you work at or the type of organizations 

you have experience in? 

Please indicate the size in terms of the number of employees. * 

Please choose only one of the following: 

•  less than 10 

•  Between 10 and 49 

•  Between 50 and 249 

•  250 or more 

Issues affecting SPI 

 This section aims to identify the most common issues affecting SPI initiatives. 

5 [2.1] The following issues have been previously recognized to affect SPI initiatives. 

Please indicate from your experience in the role indicated above, the degree of impact  (low, 
medium, high) this issues have on SPI programs.  If you have not experienced one of the factors, or 
otherwise are unable to answer, please leave it as "no answer". 

Please choose the appropriate response for each item: 
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  High Medium Low 
Time pressure/constraints 

   

Inertia: resistance/difficulty to change 
   

Lack of resources 
   

Commercial pressures: to satisfy commercial/financial objectives 
   

Lack of overall support 
   

Budget Constraints 
   

Cumbersome processes: Bureaucratic and difficult to implement 
   

Lack of evidence of direct benefits 
   

Negative/Bad previous experience 
   

Inadequate communication: between different levels and functional 
areas within the company    

Imposition: SPI is imposed without prior consultation with 
practitioners    

Inexperienced staff 
   

Lack of management direction/commitment 
   

Lack of SPI management skills 
   

Low process priority: SPI has lower priority than other projects or 
activities    

Personality clashes: Individual and personal politics frustrate SPI 
efforts.    

High workload: practitioners are unable to devote sufficient effort 
to SPI    

Lack of feedback: SPI outcomes or result of contributions are not 
shared with practitioners    

Lack of standards: Software development practices are not uniform 
across the company    

Staff turnover 
   

Customers: They have direct interference in the processes 
   

Fire fighting: The urgent over the long-term benefits 
   

Inadequate metrics: The collected metrics are not sufficient to guard 
improvement    

Irrelevant objectives/deliverables: SPI objectives are not tailored to 
"real" needs    

Isolated best practice: Different groups don't share their best 
practices within the company    

Large-scale programs: SPI programs are too big for the company 
   

Organizational changes: Re-allocation of staff and responsibilities 
affect SPI initiatives    

Project Managers lack of technical knowledge 
   

Reduced creativity: SPI is perceived as constraining individual 
creativity    

 You don't have to rank all the items in the list.  Just the ones you have seen to affect SPI. 

FLOSS influence 

6 [3.1] Have you (or your organization) integrated or developed FLOSS as part of 

your IT platform, products or services? * 

Please choose only one of the following: 

•  Yes 

•  No 
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7 [3.1.1]Besides functional and technical requirements, what aspects do you 

consider when assessing and choosing FLOSS products to integrate in your IT 

platform, products and/or services?  * 

Only answer this question if the following conditions are met: 

° Answer was 'Yes' at question '6 [3.1]' ( Have you (or your organization) integrated or developed FLOSS 
as part of your IT platform, products or services?) 

Please choose all that apply: 

•  Years of existence 

•  Overall prestige 

•  Expert recommendation/assessment 

•  Own experience 

•  Results of assessment/comparison process 

•  Licences flexibility 

•  Documentation 

•  Reliability on development practices 

• Other:   

8 [3.1.2] Have you found difficulties when presenting  FLOSS and its benefits as part 

of your IT platform, services and or products to your customers? * 

Only answer this question if the following conditions are met:  

° Answer was 'Yes' at question '6 [3.1]' ( Have you (or your organization) integrated or developed FLOSS 
as part of your IT platform, products or services?) 

Please choose only one of the following: 

•  Yes 

•  No 

Make a comment on your choice here: 
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9 [3.2]Would it be useful/valuable for you (or your organization) to count with an 

SPI program that takes into account the characteristics of FLOSS integration and 

development as well as the aspects of Small and Medium Enterprises (SMEs) to 

drive the improvement? * 

Please choose only one of the following: 

•  Highly useful/valuable 

•  Useful/valuable 

•  Somehow useful/valuable 

•  Not useful/valuable at all 

10 [1.0] Please enter your e-mail address if you want to receive further information 

about the results of this project. 

Please write your answer here:    

 Thank you for your time and your collaboration! 
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