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Abstract. When a small organization (VSE) tackles a software process im-
provement (SPI) initiative, the model that is used least is the one that would 
guide the process improvement. We believe that this is a great failing, because 
it is precisely a model of this type that is the guide which is needed to articulate 
all the activities related to that improvement. In this vein, to support VSEs, as 
well as to guide them in detail when they wish to carry out SPI initiatives, we 
have developed an integrated improvement framework. We have done this by 
taking into account widely recognized frameworks and the special characteris-
tics of VSEs. This paper introduces that improvement framework, its compo-
nents and its relationship with the COMPETISOFT project. Furthermore, 
through case studies, it describes our experience of the application of the pro-
posed framework in eight firms. The initial results show that it is useful, practi-
cal and suitable for addressing SPI initiatives in VSEs. 

Keywords: Improvement framework, Software process improvement, Small 
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1   Introduction 

Although process reference models (e.g. ISO/IEC 12207, CMMI and ISO/IEC 15504-
5), process assessment methods (such as ISO/IEC 15504-2 and SCAMPI) and im-
provement models (like ISO/IEC 15504-4 and IDEAL) used for Software Process 
Improvement -SPI- are available to all enterprises, studies such as [1-4] show that 
these proposals from SEI or ISO are difficult  for the vast majority of the very small 
software enterprises -VSEs (i.e. firms with fewer than 25 employees, according to 
[5]), to apply. This difficulty comes about because of the complexity of the recom-
mendations of the models and the consequent large investment in terms of time and 
resources. In addition, many organizations remain unaware of these proposals [6]. 

Regarding the model that guides process improvement (improvement model), we 
have found in [7] that this type of model is the one used least by small companies. 
This type of model was used by 23 (of 122) companies involved in some SPI initia-
tive, that is in only 19% of the companies. This is a low percentage and we believe 
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that this is something to be regretted and dealt with. An improvement model is pre-
cisely the guide which is needed to articulate all the activities related to the improve-
ment, as well as all the other models involved, of course. 

In this sense, and aiming to support the SPI initiatives within a VSE, we have de-
veloped the COMPETISOFT project [8]. In this project great importance was given to 
the model for guiding SPI activities, the goal being to carry out SPI initiatives follow-
ing a systematic and coherent approach. COMPETISOFT maintains that if we are to 
help small companies set up and pursue process improvement, then a guideline which 
will address the improvement activities is needed. We should also point out that one 
success factor for SPI initiatives in VSEs is for the improvement effort to be guided 
by means of specific procedures and the combination of different approaches [7]. 
Given all this, one of the components of the Methodological Framework developed by 
COMPETISOFT is a specific framework for guiding SPI activities (improvement 
framework). The other two components are a Process Reference Model (based on 
MoProSoft [12]) and a Process Evaluation Model (this conforms with the ISO/IEC 
15504 standard [9]). The aim of this paper is simply to show the different components 
of the improvement framework (proposed by COMPETISOFT’s Methodological 
Framework) and its application in eight VSEs. 

The paper is structured as follows. The next section presents related works. The 
Methodological Framework of COMPETISOFT is then described. Section 4 explains 
the improvement framework and its different components, and section 5 gives a de-
scription of its application in eight case studies. Lastly, an analysis is given and our 
conclusions are set out. 

2   Related Work 

There are several proposals that present a set of processes which small companies 
could use to reach significant benefit from process improvement. Among others, these 
include: MoProSoft [9], MPS.BR [10], Adept [11] and Rapid [12]. All of these pro-
posals are related to assessment methods or process reference models and all of them 
define a group of processes that should be taken into account by small companies in 
their improvement efforts. Nevertheless, only in some of these proposals is a process 
related to the activities to guide process improvement described. We could mention, 
for instance, MoProSoft, which describes Process Management and MPS.BR, which 
describes Process Assessment and Improvement. 

With regard to research on models that direct improvement implementation for 
small companies, several proposals have emerged in recent years. These include, 
amongst others: IMPACT [13], MESOPyME [14], PROCESSUS [15], and the appli-
cation of the IDEAL model to small and medium enterprises [16, 17]. 

However, these proposals do not describe in detail a framework that integrates dif-
ferent components (such as strategies, methodologies, processes and tools) in guiding 
the execution of SPI initiatives on small companies. The main contribution to the 
subject of SPI in VSEs that this work intends to make is to guide the implementation 
of process improvement in detail, by means of an integrated improvement framework 
which VSEs would be able to take on. 
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The improvement framework describes five components which have been defined 
by taking into account: (i) widely recognized frameworks, such as ISO/IEC 15504-4 
[18], IDEAL and SCRUM; and (ii) special characteristics of the VSEs, such as that: 
they are generally extremely reactive and flexible; they typically have a flat structure 
and a free-flowing management style that encourages entrepreneurship and innova-
tion; they have limited economic movement and lightweight processes; and they do 
not usually have enough staff to be able to develop specialized functions that would 
enable them to perform complex tasks and to develop secondary products [6]. 

These components describe tailored and integrated improvement practices, strate-
gies and tools aiming to offer the VSEs a framework which is useful and practical for 
addressing SPI initiatives. Furthermore, according to [7], the proposals that have been 
used to SPI on VSEs are diverse and include: adaptation and use of SPI models, es-
tablishment of software processes to guide the SPI efforts, prioritization of the SPI 
efforts and evaluation of a SPI programme. Only the improvement framework ad-
dresses (by means of its components) these improvement proposals in an integrated 
and explicit manner. 

3   Methodological Framework of COMPETISOFT 

COMPETISOFT seeks to provide a strategy for increasing the level of competitive-
ness of Latin-American small software organizations by means of the creation and 
dissemination of a common Methodological Framework for the improvement and 
certification of the software processes of the small enterprises. An overview of the 
components of this Methodological Framework is shown in Fig. 1. 
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Fig. 1. Methodological Framework of COMPETISOFT 

The process reference model is based on MoProSoft. In fact, we can view this 
process reference model as an evolution of MoProSoft, coming from the experience 
of researchers and practitioners in software process development and improvement. It 
is important to highlight that this evolution of MoProSoft has been used as a basis for 
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the subsequent publication of what has been called ISO/IEC 29110 Software Engi-
neering - Lifecycle Profiles for VSE [5], by the WG 24 / SC7 of ISO. 

To allow mutual recognition of formal evaluations of COMPETISOFT across 
Latin American countries, we suggest that each country should define its own As-
sessment Model, which must be in accordance with ISO/IEC 15504. In this sense, and 
bearing in mind the new ISO/IEC 15504-7 standard [19], AENOR (Spanish Associa-
tion for Standardisation and Certification) from Spain and IRAM (Argentine Institute 
for Standardisation and Certification) from Argentina are currently establishing an 
organizational maturity model and a process assessment model to give the small soft-
ware companies a new strategy for certification by maturity levels. 

For the definition, refinement and application of these components of the Methodo-
logical Framework of COMPETISOFT the A-R (Action-Research) and case study 
research methods have been used. For the application of the A-R research method we 
divided the project participants into two groups: a first one, made up of researchers 
from different universities, and a second one, called the critical reference group, 
which included the information technology professionals from VSEs. Through the 
application of A-R we obtained continual feedback between the researchers and the 
VSEs involved, aiming to develop and refine the Methodological Framework. 

4   Improvement Framework 

The aim of the improvement framework is to provide improvement practices, strate-
gies and tools to support improvement initiatives in small companies. This framework 
is influenced by the ISO/IEC 15504 (Part 2, Part 4 and Part 5), IDEAL and SCRUM 
models. From these proposals we have analyzed, integrated and tailored several im-
provement practices, in order to offer a specialized and suitable framework which 
meets the needs of the VSEs when leading SPI initiatives. This improvement frame-
work defines five components: (i) a process called PmCOMPETISOFT, (ii) a meth-
odology for software process assessment called METvalCOMPETISOFT, (iii) an 
agile process for improvement introduction, (iv) a strategy for process selection and 
prioritization and (v) tools to support the improvement process (see Fig. 1). All the 
process of this framework are described in terms of purpose, objectives, roles, activity 
diagram, activities, work products, and tools support, according to the process pattern 
established by COMPETISOFT. In the following section we give a summarised de-
scription of these elements, its brevity due to restrictions on space. 

4.1   Improvement Process – PmCOMPETISOFT 

This process has been defined to provide the VSEs with a guide with which to man-
age and lead the SPI initiatives step-by-step. The purpose of this process is to improve 
an organization’s processes according to its business objectives, along with assisting 
it to carry out its SPI initiatives. This process is the backbone as well as the compo-
nent integrator of the improvement framework. Fig. 2 shows the PmCOMPETISOFT 
activity diagram, which includes roles, activities and work products. A complete de-
scription of this process is presented in [20]. 
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Fig. 2. PmCOMPETISOFT Activity Diagram 

4.2   Assessment Methodological – METvalCOMPETISOFT 

METvalCOMPETISOFT has been defined to give support to the activity of diagnos-
ing processes from PmCOMPETISOFT, so as to help VSEs in the execution of an 
internal, non-formal process assessment. This methodology allows us to obtain reli-
able information about the strengths and weaknesses of software processes, along 
with information on opportunities for improvement. The purpose is for that informa-
tion to serve as a basis for decision making about process improvement within the 
organization. This methodology defines: 

• A process for software process assessment, called PvalCOMPETISOFT, which 
offers a step-by-step guide to the execution of the activity of processes diagnosis. 
This process breaks down into detail the activity of diagnosing processes. In Fig. 3, 
the activities, roles and work products are shown. 

• A light assessment method to determine the capability of software processes and 
the maturity of a small organization [21]. The assessment method defines a meas-
urement framework (conformance with ISO 15504 Part 2), which in the capability 
dimension has got only three levels of capability, making the model lighter, so that 
it can be easily applied to small organizations. 

• A tool to support the execution of the assessment process and method [22]. 

4.3   Agile Process for Improvement Introduction 

This process has been defined in such a way as to give a detailed guideline for support-
ing the management and performance of the activities of the cycle made up by the for-
mulating and executing improvement activities of PmCOMPETISOFT. We developed 



218 F.J. Pino, F. García, and M. Piattini 

this process because in the early applications we observed that it is the iteration, com-
posed of the formulation and execution of improvements, which requires the greatest 
amount of effort in the SPI initiative. What is more, this load falls mainly upon the or-
ganization. For the definition of this process we have used the SCRUM agile method 
because it provides support for project management and it focused on small teams [23]. 
The purpose of this process is to offer all those who are involved in the improvement 
cycle of small organizations an agile sub-process which allows them to take part in 
carrying out the improvement opportunities found and with which they have some rela-
tionship within the VSE. Fig. 4 shows a break-down of the activities for formulating and 
executing improvements which follow the SCRUM philosophy. 

4.4   Strategy for Process Selection and Prioritization 

A complete description of this strategy is presented in [24]. In this strategy we have 
defined a set of processes which we consider to be of high-priority when initiating the 
implementation of SPI initiative in VSEs. The fundamental principle of the proposal 
is that process improvement must be connected to the other responsibilities of soft-
ware process management. The prioritization of these processes is established so as to 
deploy a basic process management infrastructure (as the process improvement is not 
an isolated activity, but is closely related to other activities of the software process 
management). The processes selected and their priorities are: 

• First of all, the process improvement process group (PIM.1 Process establishment, 
PIM.2 Process assessment, and PIM.3 Process improvement) 

• Secondly, the management process group (MAN.1 Organizational alignment, 
MAN.3 Project management and MAN.6 Measurement) 

• Thirdly, the support process group (SUP.10 Change request management, SUP.8 
Configuration management, SUP.7 Documentation, and SUP.1 Quality assurance). 

• Finally, the engineering process group (ENG.1 Requirements elicitation, ENG.2 
System requirements analysis, ENG.3 System architectural design, ENG.4 Soft-
ware requirements analysis, ENG.5 Software design, ENG.6 Software construc-
tion, ENG.7 Software integration, ENG.8 Software testing, ENG.11 Software 
maintenance) 

Base practices of the process groups of engineering and support are described in the 
process reference model of COMPETISOFT. The main practices of the process 
groups of improvement and management are likewise described in the three compo-
nents of the improvement framework described above. 

4.5   Tools to Support the Improvement Process 

We have also developed a tool called GENESIS [25], which is used to support the 
person Responsible for process improvement (RPI) in the management and imple-
mentation of an SPI initiative and in the administration of generated knowledge. 

We might add that this framework has been described with the standard SPEM 2.0 
and edited with the EPF Composer, thereby generating documentation in a standard 
format which is updated and available to organizations through the Web. 
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Fig. 3. PvalCOMPETISOFT Activity Diagram and its relationship with PmCOMPETISOFT 
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5   Case Studies 

In COMPETISOFT the researchers carried out the intervention with the new propos-
als in the critical reference group, using the empirical variant for the execution of the 
action activity of A-R. That is, the improvement framework developed was applied by 
the researchers in the small companies (critical reference group) by means of the use 
of the case study research method. To apply the proposed framework, we have con-
ducted eight case studies by following the protocol template for case studies presented 
in [26]. Lack of space means that we will then give just an overview of the case stud-
ies in terms of design, subjects, analysis unit, field procedures, data collection and 
limitations. 

5.1   Design, Subjects and Analysis Unit 

Taking into account the focus presented by [27], the design type of the case study in 
this work is multiple cases – holistic, since the strategy has been applied in the con-
text of eight small companies. The object of study is a new integrated improvement 
framework through which to guide SPI in VSEs. 

The main research question addressed by this study is: Is the improvement frame-
work suitable (useful and practical) for leading Software Process Improvement efforts 
in small software enterprises? We identified an additional research question and 
various sub-questions (derived from each research question) for each component of 
the improvement framework. By means of these questions we seek to know whether 
these components have a useful function, if they are of practical use and whether they 
conform to the reality of small companies. For each component we asked about: (i) 
the effort of carrying out the activities associated with the improvement framework’s 
processes (related to the use practice and the reality of companies), and (ii) the capa-
bility level of the processes under analysis (the ones which need to be improved) of 
each company (related to useful function). In this vein, the measures used to investi-
gate the research question are: (i) the effort and (ii) the process capability level. Fur-
thermore, we also took into account the benefits described by the VSEs. 

Several Latin American small software organizations have applied the Methodologi-
cal Framework of COMPETISOFT for the implementation of an SPI initiative. The 
participating companies in the case studies are from Argentina, Chile, Spain and Co-
lombia (see Table 1). The analysis units are the improvement framework’s components 
and the processes to be improved within each company. All of these organizations 
started their SPI initiative with the support of an adviser in improvement processes (who 
is part of the researchers group). In this SPI initiative we suggested to the companies 
that they should incorporate the processes related to Profile 1 (Software development - 
SD, Software maintenance – MS, and Specific project administration - SPA) from the 
Process Reference Model of COMPETISOFT. 

5.2   Field Procedure, Data Collection and Limitations 

The improvement framework was used to perform the improvement activities in each 
organization. That is, the procedure governing field procedure and the data collection 
of the case studies is closely related to the strategies, activities, roles and work prod-
ucts described in each of the processes defined by the improvement framework of 
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COMPETISOFT (see Fig. 2, 3 and 4 from Section 4). At the beginning and at the end 
of the SPI initiative in each company, an internal assessment was performed and the 
amount of effort used to carry out the improvement cycle (see Table 2) was also  
established. The information related to the process capability was obtained after ana-
lyzing and synthesizing the data of the processes chosen (those to be improved by the 
companies) with respect to the three process attributes and the process capability level 
ratings defined by the light assessment method of METvalCOMPETISOFT. The 
COMPETISOFT adviser played the role of evaluator (EV) and he evaluated the proc-
esses by applying interview and survey techniques. 

Table 1. VSEs from the critical reference group involved in the case studies 

Com. Country Emplo. Path Main areas of professional activity 
E1 Argentina 8 (7) 16 years / 

N&I 
Development of new tailored information systems with ongo-
ing integration of new technology  

E2 Chile 18 (12) 10 years / 
N&I 

Computer Engineering projects for the agricultural (wine and 
food) industry. 

E3 Spain 7 (6) 5 years / N Software development on WEB. 
E4 Spain 21 (15) 13 years / N Software development through contracts and agreements with 

public organizations. 
E5 Colombia 4 (4) 3 years. N Software to manage and control the ISO 9001-2000 quality 

management system. 
E6 Colombia 6 (6) 3 years. N Web application development-oriented agricultural services. 
E7 Colombia 4 (4) 3 years. N Software to mobile telephony and devices. 
E8 Argentina 12 (5) 4 years. N&I Custom software development. 
Emplo.: Number of employees in the enterprise (People in software development and maintenance) 
Path: Number of years of existence of the company / scope of the market for its products (National–N / International–I) 

Table 2. Initial and final capability of the organization’s process and cycle effort 

Capability of Processes Effort (hours) 
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Cycle 
length 

(weeks) 
Adviser 

(A) 
Comp. 

(C) 
Total 

E1 Initial - 2 - - - - - - - 
 Final 1 2 * 1 1 1 1 1 1 

24 40 264 304 

E2 Initial 0 1 0 - - - - - - 
 Final 1 2 * * - - - - - 

20 89 255 344 

E3 Initial 0 0 - - - - - - - 
 Final 1 * - - - - - - - 

12 15 39 54 

E4 Initial 0 0 - - - - - - - 
 Final 1 * - - - - - - - 

12 41 47 88 

E5 Initial 1 0 - - - - - - - 
 Final 1* 1 - - - - - - - 

10 42 27 69 

E6 Initial 1 1 - - - - - - - 
 Final 1 1* - - - - - - - 

10 38 11 49 

E7 Initial 0 0 - - - - - - - 
 Final 1 1 - - - - - - - 

10 65 23 88 

E8 Initial 0 0 - - - - - - - 
 Final 0* 1 - - - - - - - 

16 71 16 87 

Processes: SD (Software Development), SPA (Specific Project Administration), SM (Software Maintenance), BM 
(Business Management), PM (Process Management), PjM (Project Management), HRM (Human Resources Man-
agement), IM (Goods, Services and Infrastructure Management) and KM (Knowledge Management). 
* Base practices of this process have been put into operation;     - Process not assessed. 
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The case studies carried out to use the improvement framework of COMPETISOFT 
in VSEs presented in this paper have some limits: 

• The observations and conclusions presented are based on eight case studies, which 
can limit the power of generalization. Although these companies are representative 
of the software industry in Latin America, the number of companies taking part in 
the case studies is a low percentage of the overall population. 

• The bias of the case studies, because the development of daily activities by em-
ployees may proceed differently precisely because they are being observed or due 
to some particular kind of handling of events and data by the advisers. 

6   Analysis and Conclusions 

Table 2 shows that the eight VSEs have increased the capability level of their SD and 
SPA processes, among others. It is important to highlight that enterprises E1 and E2 
have also increased the capability of processes SM and BM. It can also be observed 
that E1 was the company which increased its level of capability in the greatest num-
ber of processes. This increase can be observed in the established base practices, 
which have been reported in the Improvement Reports of each company. Through the 
application of the improvement framework, the small companies have introduced new 
base practices to their processes, thus allowing them to increase their capability. 
Based on the collected data, there is evidence that the improvement framework has 
enabled these small companies to increase the capability of their processes. 

From Table 2 we can also draw the conclusion that the effort spent on improving 
processes per week for each organization is: E1 12.7 h, E2 17.2 h, E3 4.5 h, E4 7.3 h, 
E5 6.9 h, E6 4.9 h, E7 8.8 h and E8 5.4 h (including the adviser’s time). We consider 
that the effort of applying the proposed improvement framework has been suitable for 
the characteristics of each one of the organizations involved in the improvement ini-
tiative, since employees involved in the processes improvement of each enterprise 
were able to take on this effort without any negative effect on their daily activities. 

Some benefits which the firms have reported are: 

• The companies had moved from a chaotic and unpredictable software process 
to a tangible one, which is currently being used on development projects.  

• The companies begin to generate a knowledge base which means historic data 
are available when decisions are being taken. 

• The companies have a more specific vision of the organization itself which has 
helped and motivated them to set out on the road to quality certification. For 
instance, E1 is currently conducting an ISO 9001:2000 certification, and E3 
has started to work towards a formal assessment at CMMI level 2. 

Based on the case studies carried out, the increase of the capability of the processes to 
be improved, the effort of applying the proposed process and the benefits described 
by VSEs, we consider that the improvement framework is suitable for leading SPI 
initiatives in VSEs. The results, in terms of effort, increase of capability and benefits, 
are an indicator that the proposed framework can be a practical and useful strategy 
when facing the difficulty of carrying out SPI in VSEs. Furthermore, from the case 
studies we have been able to confirm that the proposed improvement framework was 
executed properly by the VSEs involved in the improvement initiatives. 
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On the basis of the application of the improvement framework in the VSEs, we 
have obtained some lessons which are described below: 

• When performing the activity of Initiating the cycle we had difficulty in aligning the 
Improvement Proposal with the strategic planning of the firm (see Fig. 2), because 
there was no Strategic Plan. However, this fact should not be viewed as a problem 
but rather as an improvement opportunity, since it highlights the company’s ‘raison 
d’être’, goals and its strategies for attaining them, i.e., Business Management. 

• Obtaining the expected results in relatively short periods was an important aspect 
for the motivation and involvement of the participants in a project like this. Seeing 
such rapid results and taking part directly of these, allowed the employees to real-
ize the possibilities of process improvement in general, and COMPETISOFT in 
particular, despite the initial reticence that these projects may have caused. 

• Applying the improvements in pilot projects significantly reduced the resources 
needed, as well as the risk associated with the implementation of improvements in 
the companies’ key processes. 

• A-R is strengthened by the Case Study because it allows more control in the execu-
tion of the proposals developed. This means an increase in the reliability of the re-
sults. By means of the integration of these two methods, a well defined structure 
has been obtained for the development and application of the framework in VSEs. 

Given that the results of the case studies are encouraging, new SPI initiatives are 
planned for the eight organizations. We shall conduct a follow-up in the companies, to 
attempt to determine whether this strategy has made an impact on the companies’ 
success in terms of market attributes. 
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