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Abstract Small and medium enterprises are a very important cog in the gears of the

world economy. The software industry in most countries is composed of an industrial

scheme that is made up mainly of small and medium software enterprises—SMEs. To

strengthen these types of organizations, efficient Software Engineering practices are

needed—practices which have been adapted to their size and type of business. Over the last

two decades, the Software Engineering community has expressed special interest in

software process improvement (SPI) in an effort to increase software product quality, as

well as the productivity of software development. However, there is a widespread tendency

to make a point of stressing that the success of SPI is only possible for large companies. In

this article, a systematic review of published case studies on the SPI efforts carried out in

SMEs is presented. Its objective is to analyse the existing approaches towards SPI which

focus on SMEs and which report a case study carried out in industry. A further objective is

that of discussing the significant issues related to this area of knowledge, and to provide an

up-to-date state of the art, from which innovative research activities can be thought of and

planned.
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1 Introduction

Small and medium enterprises are a very important cog in the gears of the world economy.

Another very significant economic activity nowadays, which has emerged, grown and

become strong over the last two decades, is the software industry. It is a major economic

force throughout many nations in the world. The software industry in most countries has an

industrial backcloth, made up mainly of small and medium software enterprises—SMEs—

(Fayad et al. 2000) which favour the growth of national economies. According to Fayad

et al. (2000) 99.2% of software development companies are small and medium (fewer than

250 employees). They develop significant products, for the construction of which the firms

need efficient Software Engineering practices that are suitable for their particular size and

type of business.

From the very beginning of the 90s onwards, the Software Engineering community

(industry and researchers) has expressed a special interest in Software Process Improve-

ment (SPI). This is evidenced by the growing number of articles that deal with the topic of

SPI, as can be seen in the analysis of the trends in publications on the subject of SPI,

presented in Hall et al. (2002). Also worthy of note is the great number of international

initiatives related to SPI, such as CMM, CMMI, ISO/IEC 15504:2004, SPICE (ISO/IEC

15504:1998), ISO/IEC 12207:2004 and ISO 9001:2000, among others.

Nevertheless, in educational and industrial environments there is a widespread tendency

to emphasise that the success of SPI is, in most cases, only possible for large companies

which have enough resources to tackle this type of practice. This perception is based on the

fact that often SPI programmes are just not viable for SMEs, because of their organiza-

tional structure and the cost that is involved. This viewpoint also takes into account the

reality that the models of improvement created by international organizations have not

been considered for this type of companies, but rather for large-scale ones (Saiedian and

Carr 1997). SEI (2006) and ISO (2006) have recently shown how the Software Engineering

Institute, SEI, and the International Organization for Standardization, ISO, have each in

turn begun to make efforts to ensure that their standards of software process improvement

can be applied to SMEs. Many authors agree that the special characteristics of small

companies mean that process improvement programmes must be applied in a way that is

particular to them and visibly different from how this is done in the large organizations.

This is not as simple as just regarding these programmes as scaled down versions of those

which are applied in big companies (Richardson 2001).

In this article we present a systematic review of the literature which deals with the

existing approaches of SPI in SMEs and which also include a case study within the

industry. In accordance with the general goals of systematic reviews, our aim is to provide

an up-to-date state of the art which synthesizes the work in this area of knowledge and can

be used to identify gaps from which to formulate innovative research activities. The paper

proceeds as follows. In Sect. 2 the systematic review itself is presented. Section 3 presents

the results obtained and a discussion of them. Finally, the conclusions and future work are

outlined.

2 Systematic review of SPI in SMEs

The systematic review which follows has been carried out in the context of the research

project COMPETISOFT (Oktaba et al. 2007), whose aim is to provide small and medium

enterprises in Latin America with a framework for the improvement of their process which
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is tailored to their special characteristics. The guidelines presented in Kitchenham (2004)

and the protocol template presented in Biolchini et al. (2005, 2007) were followed. We

have, moreover, looked at other similar systematic reviews (Hannay et al. 2007; Jørgensen

and Shepperd 2007; Staples and Niazi 2007). All the templates of the systematic review of

SPI in SMEs can be seen in Appendix A. In this section we set out an overview of the first

four stages of the review protocol.

2.1 Question formularization

The research question is: What approaches concerning SPI exist, which focus both on

SMEs and report on a case study? The list of keywords used to find an answer to the

research question was: software, process, improvement, SPI, small, enterprises, organi-
zations, companies, team, firms, SME, settings, CMM, CMMI, 15504, SPICE, 12207 and

9001.

The results expected at the end of the systematic review were, amongst others, to

discover what the improved processes were, as well as to identify the key factors for

process improvement. We also expected to see what improvement strategies had been

carried out, along with what the most frequently-used models for the process improvement

were.

The population group observed was the set of proposals concerning SPI that have been

applied within SMEs, as published in the works in our list of sources. In the context of the

present work and using the terms of reference given by (EU 2005) small enterprises are

companies with fewer than 50 employees and medium enterprises are companies which

have between 50 and 249 employees.

2.2 Sources selection

By taking the list of keywords seen above as a starting point, and making combinations

with logical connectors ‘‘AND’’ and ‘‘OR’’, two basic search strings were obtained (see

Table 1). When the time came to carry out the searches, the basic search strings were

adapted to each of the search engines of the respective sources.

With the first string it is possible to find studies about SPI and SMEs that are related

to some methods of software engineering (e.g. six-sigma, agile/XP). With the second

string it is possible to find studies about SMEs which are related to specific methods of

software process improvement. The basic search strings of Table 1 were not intended

to search for specific results which contain empirical studies in the software industry

(e.g. case studies). So, in line with our research question, we used the inclusion and

exclusion criteria to select only the publications which reported case studies (quality

threshold).

Table 1 Basic search strings

Basic search strings

1 ‘‘software process improvement’’ AND (small AND(enterprises OR organizations OR companies OR
team OR firms OR settings))

2 (small AND (enterprises OR organizations OR companies OR team OR firms OR settings)) AND
(CMM OR CMMI OR 15504 OR SPICE OR 9001 OR 12207)
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The planned list of sources with which the systematic review was carried out is:

• Science@Direct, on the subject of Computer Science,

• Wiley InterScience, on the subject of Computer Science,

• IEEE Digital Library,

• ACM Digital Library, and

• As grey literature, the special report ‘‘Proceedings of the First International Research

Workshop for Process Improvement in Small Settings’’ from the SEI was reviewed.

The sources have been identified on the basis of the judgement of experts in the area of

work which is the scope of the systematic review. These sources include certain highly

important journals in which our research area is widely dealt with, such as: Information
and Software Technology, Software: Practice and Experience, Software Process:
Improvement and Practice, IEEE Software, Software Technology and Engineering
Practice, Computer, among others. Furthermore, we chose ‘‘Workshop for Process
Improvement in Small Settings’’ because this is a specialised event organised by SEI, in

which significant proposals for process improvement in small teams, small projects, small

organizations, and small businesses, are presented. Given all that we have just said, a

significant number of the works presented in these sources are more likely to be included in

the primary studies list than are other non-specialized workshops on this topic.

2.3 Studies selection

We propose that the criterion for carrying out the systematic review be based on an

iterative and incremental procedure. The term ‘‘iterative’’ indicates the repetition of one or

more activities; the term ‘‘incremental’’ indicates that implementation proceeds from an

initial subset of the sources to more and more complete subsets, until the whole review is

addressed. It is iterative, because the execution (search, information extraction, and

visualization of results) of the systematic review is carried out completely on one search

source first, and then on the others in turn. It is also incremental in the sense that the

document (which is the product) of the systematic review grows and evolves with each

iteration until it becomes the definitive one.

In this way, many of the advantages that these types of development methods offer were

obtained, for example:

• Implementation starts from a source, reducing the complexity and scope of each

execution.

• Each cycle is short and provides feedback for the next cycle.

• There is an integration of the results of each cycle into the final review.

• This integration can be progressively achieved by successive releases of the review,

each release achieving more primary studies.

• The increments can be carried out both independently and in parallel.

• The complexity of each increment is easier to administer.

The procedure for gathering information for the primary studies is illustrated in the activity

flow diagram in Fig. 1. In order to manage the searches, we propose that from the analysis

of primary studies a list with the new potential primary studies should be generated

(secondary searches). Once the search is finished and the information has been obtained

240 Software Qual J (2008) 16:237–261

123



from selected sources, the studies of the former list must be subjected to the procedure for

execution of the systematic review. This will obtain the new primary studies and then their

information will be synthesized.

The inclusion criterion for what to include as regards studies took as its basis an

analysis of the title, the abstract, and the key words from the articles obtained in the search.

These served to determine whether or not they were related to SPI and if they focused on,

and were applied to, SMEs. Another focus of analysis was how the key words improvement
and small were dealt with in the total content of each article, in order to identify whether a

given study presents a real case study. The goal was to decide whether or not a given article

should be chosen as a relevant study in the context of the systematic review (in other words

whether it was a potential candidate for primary study).

Begin

Source list
Search strings

Enumerate the source list Si (i = 1.. n)

More sources?

Open web page of the selected source Si
Analyze the search engine of the source Si

Tailor basic search string to the search engine of the source Si
Enumerate the tailored strings of search TSSi (i=1..n)

More search strings?

Execute the search with the string TSSi on the source Si
Save studies found in the search

Eliminate identical studies
Enumerate discovered studies DEi (i=1..n)

More discovered studies?

Select the discovered study DEi

Does study DEi fulfill
the inclusion criterion?

DEi is a relevant study RE

Does study RE fulfill
the exclusion criterion?

Save the study RE as primary study

yes

yes

yes

yes

no

no

no

Execute inter-rater reliability process for primary studies

Enumerate primary studies PSi (i=1..n)

More primary studies?

Select the primary study PSi
Assess the “quality” of primary studies

Extract and save information from primary study
Synthesize the information

Extract new discovered studies from primary study

Execute inter-rater reliability process for data extraction

yes

no

yes

Secondary search?
no

End

no

Eliminate identical new discovered studies
Search the new discovered studies

Save new discovered studies found in the search
Enumerate new discovered studies DEi (i=1..n)

Primary Study Selection

Data Extraction

Primary Study Selection

Data Extraction

yes

no

Fig. 1 Procedure for execution of the systematic review which obtains the primary studies and synthesizes
their information
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From the analysis conducted in the first iteration of the relevant studies, we ascertained

that there were different levels of treatment for the SPI and SMEs:

• A first level, in which the study consists of the application of a process improvement

effort that focuses on small and medium-size organizations (there is a case study

applied to SMEs, see all studies selected in Appendix B).

• A second level, in which the study deals with SPI initiatives for SMEs which have

nevertheless never been applied in such companies (where there is no case study

applied to SMEs, for instance (Brodman and Johnson 1994) or where it is a theoretical

study which is not based on direct/empirical observation).

• A third level, in which the study reports on SPI initiatives where some SMEs are

involved, but improvement in these companies was not the main objective of those

initiatives (see, for example, the study presented in El Emam and Birk 2000).

To determine which articles, within the context of the systematic review, were important

enough to be considered as primary studies, the exclusion criterion was to exclude any of

those which dealt with SPI and SMEs at levels two and three.

After applying the procedure for the gathering of primary studies, 743 studies were

found; 400 of these were non-repeated and from these, 45 primary studies were obtained

(see Table 2).

In this systematic review potential references within primary studies were not searched

for.

2.4 Information extraction

As can be observed in Fig. 1, once the primary studies were chosen, the extraction of the

relevant information for the systematic review was carried out. The inclusion criterion

for the information coming from the primary studies consisted of whatever gave an

indication of what the improvement strategy used was like, along with information

regarding the processes that had been improved, the key factors in the success of the

improvement, and the models used for that improvement of the processes. Alongside the

above information, the most important ideas of the study are registered. The information

from the primary publications was stored on a chart in which the data extraction format

was structured in the following columns: name of the study, magazine, date, authors,

methodology followed, results, objectives of the study, country where the study was

carried out, number of SMEs involved, number of employees in the SMEs involved,

Table 2 Distribution of studies by source (January 1996–March 2006)

Sources Studies %

Search date Discovered Not repeated Relevant Primaries

Science@Direct 06/03/2006 157 42 4 4 8.9

Wiley InterScience 21/03/2006 76 30 17 15 33.3

IEEE Digital Library 03/04/2006 208 128 22 19 42.2

ACM Digital Library 18/04/2006 272 170 7 1 2.2

Proceedings 30/04/2006 30 30 6 6 13.3

Total 743 400 56 45 100
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Table 3 Data extraction format

Data extraction from the study

Name Practical Software Process
Improvement—The IMPACT
Project.

Journal/Conference 13th Australian Software
Engineering Conference
(ASWEC’01).

Date August 2001.

Authors Louise Scott, Ross Jeffery, Lucila
Carvalho, John D’Ambra, Philip
Rutherford.

Objective results of the study

Methodology Case study

Outcomes • This paper presents a framework
for SPI that is designed to utilise a
range of improvement
technologies and which supports
continuous and highly focused
improvement over many projects,
thus producing timely, cost-
effective and tangible
improvements for SMEs.

• The effectiveness of the framework
is illustrated in this paper with its
application in a small, Sydney-
based, web-development company.

Country Australia

No. SMEs 1

No. Employees 20

Models/Standards IMPACT, ISO 12207

Improvement proposal Uses an improvement framework in
order to guide the programme SPI.

Success factors Guide the improvement programme.
Have got freedom in choosing the
improvement technology.

Improvement processes Projects documentation, process
planning, process estimation and
requirements elicitation.

Subjective results of the study

• The framework is cyclic—advocating an ‘‘understand—improve—apply—measure’’ approach which can
be applied incrementally across many projects. On each cycle a different focus for improvement is chosen
so that each iteration need not require a large expenditure on the part of the company and the
improvements are available to all subsequent projects. By implementing many small iterations of the
improvement cycle results are achieved quickly (within a few months) and are measurable in the projects
in which improvement has been applied. The framework is implemented using existing and proven
technologies, frameworks and standards that can be purchased (at a greater or lesser expense depending
on the choice of the company) commercially.
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information related to the improvement models, the improvement proposal, key factors in

the success of a SPI programme, the improvement processes, and the subjective results

of the study (Table 3).

During the information extraction phase we assessed the quality of each primary study

by means of the attributes: ‘‘Bias’’, ‘‘Internal Validity’’ and ‘‘External Validity’’. Each

attribute was scored ‘‘Yes’’ or ‘‘No’’ depending upon whether the study explored explicitly

the possibility of biases (selection, experimenter or publication) or threats (internal or

external validity). From the 45 primary studies none scored ‘‘YES’’ for all these attributes.

Seven studies mentioned at least bias issues (primary studies 2, 3, 7, 22, 34, 35, 38—

Appendix B). Only two studies mentioned internal and external validity (primary studies 5

and 12). These results may be due to the nature of studies, as they were case studies, and

especially the fact that the treatment of internal and external validity threats takes place in

the context of formal experiments.

Furthermore, a study design assessment was performed in order to obtain greater insight

into the quality of primary studies. The type of design of each study was extracted and

classified according to the study design hierarchy for software engineering presented in

Kitchenham (2004). With regard to the quality of the publications (from this point of view)

included in the systematic review it can be stated that primary studies are observational

ones with design type case series, by means of which the formulated improvement pro-

posals were applied to SMEs. From these design type case series, 82% are post-test and

18% are pre-test post-test. Additionally, all studies show a qualitative analysis of the

Table 3 continued

• Accordingly, our framework for software process improvement, as shown in Fig. A, differentiates between
the project level and the process level. At the project level, many projects are carried out according to
good project management practice (e.g. a ‘‘Plan–Do–Check–Act’’ cycle). This is shown as the small cycle
in Fig. A which we call the project cycle. At the process level, experience and understanding obtained
from many projects are used to understand and improve the generic process model which is then used to
guide future projects. This is the large cycle shown in Fig. A which we call the process cycle. Note that
these cycles interact closely—the process cycle drives the execution of the projects and the projects drive
improvements to the process. The following paragraphs will expand further on each of these cycles and
how they influence software process improvement.

Fig. A A framework for software process improvement
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results obtained, whereas just 27% of the studies present a quantitative analysis of some of

the results and only 47% of the studies obtained evidence from 2 or more SMEs.

3 Results and discussion

In this systematic review, we have formulated a research question which aims to obtain

insight into the current state of practice of SPI efforts in industry. The objective is to use

the current state of the art to identify new research activities to carry out in the field of SPI.

Before going into the main results in depth, we should first note that there is an

increasing interest in tackling the area of SPI and SMEs on the part of the Software

Engineering community. This is indicated by the appearance of a great number of stan-

dards and proposals related to SPI for SMEs, and also by the increasing number of studies

that deal with the subject, according to the analysis of the trend in publications that was

carried out (see Fig. 2). The countries which report most improvement efforts in SMEs are,

in descending order, Australia, Ireland, Finland, Denmark, Brazil, USA, Sweden and

Mexico. Several of the studies reported on come within the framework of strategies

encouraged by governmental organizations. Together with all of the above considerations,

company commitment is vital (Dyba 2005), as is a firm belief on the company’s part that

starting an SPI project will give it competitive advantages.

A statistical analysis was conducted with the information extracted from the studies,

whose purpose was to show the relevant findings of the systematic review that had been

carried out. These relevant findings are based on the discussion of significant aspects

related to this area of knowledge and include aspects such as size of the companies

involved, models used, improvement proposals, processes improved and factors in success.

3.1 Companies involved

The average number of SMEs involved per study is 2.97. This means that in each of the

studies an average of three companies is used. We should bear in mind, however, that 53%

of the studies involved only one company.

Fig. 2 SPI publication trends in SMEs
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Currently, SPI efforts are also being applied to small companies (see Fig. 3). In this

figure it can be seen that 47% of the companies involved in the improvement efforts were

companies with a number of employees of between 10 and 49 and 33% were companies

with fewer than 10 employees, which gives us the sum of 80% of all the companies in

which an SPI effort was reported to have been carried out. Only 20% is reported in medium

sized companies (between 50 and 249 employees).

3.2 Models used

Within the Software Engineering community there is a growing concern that SEI and ISO

standards are not easily applicable to small firms because they require a huge investment

(in time, money, and resources) (Saiedian and Carr 1997). Table 4 presents the standards

used by each study. The SMEs adapt and use these models to initiate their improvement

efforts, however. The most widely-used SEI model is CMM, with a 25% share. The SEI

models have been used in 51% of the reported improvement efforts. The most extensively-

used ISO models are the 15504 (SPICE) and the 9001, at 9% each. The ISO/IEC 15504

model has the two-fold nature of being an evaluation method and a process model. The

ISO models have been used in 31% of the improvement efforts carried out; 18% of the

improvement efforts reported in the studies do not use either a SEI or an ISO model.

On the other hand, it is significant to highlight that in an improvement programme

different types of models are involved. These include the model that guides the process

improvement, the process assessment method and the process reference model that is to be

followed. An adaptation of the IDEAL model is the means that is most widely used to

guide improvement. The study shown in Casey and Richardson (2004) is a good example

of this. IMPACT (Scott et al. 2001) and MESOPYME (Calvo-Manzano et al. 2002)

models are also used, along with others. This type of model was used in nine studies, which

is to say in 20% of the studies; this represents a low percentage, because an improvement

Fig. 3 Number of employees in the companies where an improvement effort project was conducted
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model is the guide which is needed to articulate all the activities related to the improve-

ment, and of course all the other models involved. In Fig. 4 the process assessment

methods and process reference models used in the study are shown.

As can be seen in Fig. 4, the assessment method that is most frequently used in the

SMEs is the ISO/IEC 15504, in its 1998 and 2004 versions. Furthermore, the SEI

assessments, the CBA-IPI proposals, or less intensive assessments such as the C class or

micro-appraisal, follow in order of importance. We could add that the ISO 15504:2004

standard is beginning to be applied on a wide scale, due mainly to the fact that it is a model

which is easy to understand, flexible, and fits the needs of SMEs. In some studies, the use

of assessment models developed particularly for small companies and based on the ISO

15504 standard is shown, as for example in MARES (Wangenheim et al. 2006) and

RAPID (Rout et al. 2000).

With regard to process reference models, that which is most widely used is the CMM

(which is expected to be replaced in use by CMMI) of the SEI. In a CMM environment, the

SMEs set out to achieve level 2 when an improvement process begins. It is important to

Fig. 4 Assessment and process models of the SEI and ISO involved in the improvement

Table 4 Standards used by each
study

Standards Studies Total %

CMM 11, 14, 16, 18, 25, 26, 28, 29, 30, 32, 33,
26, 39, 40, 41, 42, 44

17 38

CMMI 17, 40, 42, 45 4 9

IDEAL 12, 18, 26, 39, 40, 42 6 13

ASSESSMENT
SEI

14, 17, 26, 39, 40, 42, 45 7 16

15504 (SPICE) 2, 6, 9, 13, 21, 35 6 13

15504:2004 20, 41 3 7

12207 3, 4, 20, 22, 38 5 11

9001 11, 15, 28, 30, 33, 41 6 13

GQM 9 1 2

PSM 13 1 2

Others 1, 10, 22, 27, 41 5 11

Neither 8, 19, 23, 31 4 9
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underline that from the 122 companies involved in the primary studies, only two medium-

size companies of 70 and 150 employees achieved the formal assessment as CMM-SW

level 2. We consider that the motivation for these types of companies should therefore be

to improve their processes in order to make them more effective and efficient units, rather

than to gain the certification itself. Following these processes should be a means to an end

and not an improvement goal (Paulk 1998).

Furthermore, from the analysis of the models used, we noticed that 30% of the

improvement efforts which used CMM also used ISO 9001. If an ISO 9001-certified

organization wishes to continuously improve its processes, the adoption of CMMI would

be a good choice, since it provides more detailed practices for process improvement than

ISO 9001 (Yoo et al. 2006). However, it is important to note that the compliance with ISO

9001 allows organizations to have broader beneficial effects which are beyond the scope of

coverage of the CMM. Although ISO 9001 is a generic standard for quality management

(and is therefore not directly concerned with software engineering best practices), we

believe that it has been relevant for the software industry as it is more feasible to adopt (in

cost and time) that others standards, especially for small companies.

Studies such as Hareton and Terence (2001), Johnson and Brodman (1999) and Saiedian

and Carr (1997) show that the models from SEI or ISO are difficult for small and medium

organizations to apply because of the complexity of their recommendations and the con-

sequential large investment in terms of time and resources. From the results extracted it can

be observed, nevertheless, that these models are the most widely applied in these kinds of

companies. It is thus important to consider these models as the reference to develop

research works about new models related with the tailoring and adaptation of SPI for

SMEs. These new models would allow SMEs to obtain certification in the above-

mentioned reference models as they grow in size and resources.

It is significant to underline that in most cases the improvement programmes in small

software companies did not lead to the ISO or SEI certifications. The question which

arises from this is whether software process improvement standards are suitable for small

organizations. From the extracted primary study results and in accordance with the

previously exposed paragraphs we consider that these standards per se are not suitable.

The reasons why small organizations do not adopt these heavyweight approaches, such as

for example CMMI, have been explored in Staples et al. (2007). This reinforces the need

to have available strategies for process improvement which are tailored to small com-

panies’ characteristics. These strategies must be aligned with the widely recognised

standards in order to enable small companies to establish a solid basis for improvement

which will lead them towards certification in these standards in the future. Furthermore,

organizations which develop international Software Engineering standards should target

the small enterprises separately from the medium enterprises. For instance the WG24 (an

ISO/IEC JTC1 SC7 working group) has recently been established to develop international

standards profiles in order to help apply them in very small enterprises (fewer than 25

employees).

According to Derniame et al. (1999), the emphasis on processes and on process man-

agement provides the main justification for many standardization initiatives of

organizations such as SEI or ISO. It is also important to emphasize that process

improvement is an integral responsibility of software process management (Florac et al.

1997). Consequently, we believe that it is important to work on how to establish a basic

process management infrastructure that is tailored to SMEs and which will support the key

principles of process management (to define, to measure, to control and to continually

improve the processes). In this sense, and with regard to the field of process measurement,
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it is important to highlight that from the 45 studies that were analysed, 20 have used the

SEI models, 18 have used ISO models and only 2 have used models for the definition of

measurement programmes. This tends to support the assumption that the efforts of SMEs

are still insufficient in the establishment of formal software measurement processes.

Improvements introduced by the SPI are measured by means of informal and non-objective

processes based on the employees’ perception and not through formal measurement pro-

grammes. This implies the need to dedicate more research effort to software measurement

in SMEs, given that this is a core activity in the area of process management, which is a

prerequisite to carrying out a suitable control and improvement of the processes.

3.3 Improvement proposals

The improvement proposals that have been suggested to guide the improvement effort are

diverse. In Table 5 the improvement proposals found in this study are set out.

With the aim of providing an initial basis for classification of improvement strategies

which synthesize the obtained results, six exclusive categories have been identified (from

IP1 to IP6), which are shown in Table 5. These categories were defined by means of an in-

depth analysis and subsequent synthesis of commonalities and differences of the SPI

proposals extracted from each primary study. First of all, each publication was thoroughly

analysed and then a summary of the main ideas and contributions was extracted. The next

step was to group the SPI contributions which were related to a more general concept into

categories, which resulted in the six exclusive categories. For example, the improvement

proposals ‘‘to use an improvement framework in order to guide the SPI programme’’ (see

Table 3) and ‘‘to follow the concept of action packages in order to carry out the imple-

mentation of the SPI in SMEs’’ (Calvo-Manzano et al. 2002) can be grouped under the

Table 5 Improvement proposals

% of
Studies

Improvement proposals Target

18 IP_1. Establish software processes (Use of electronic process guides and
experience repository—EPG-ER; Adaptation and use of practices RUP,
XP, SCRUM, among others; Informal self-assessment for software
developers (web tool))

The software process

9 IP_2. Prioritize the SPI efforts (by means of DAIIPS method, Software
Process Matrix, Express Process Appraisal or Framework of key
decisions of business strategy and product development)

The SPI programme

4 IP_3. Evaluation of a SPI programme (with low-rigour, or to define and
use a metrics programme)

13 IP_4. To guide the SPI efforts (Primer method, Framework IMPACT,
MESOPYME method/model, using improvement patterns, following an
assessment process, neuronal network)

45 IP_5. Adaptation and use of SPI models/methods (PSP, TSP, CMM,
CMMI, IDEAL, ISO 15504:2004, SPICE, ISO 9001)

11 IP_6. Others (Definition and use of test framework; Lead process
improvement experiment; Use knowledge management for SPI; Acquire
ready-to-use technical infrastructure; Improve the relationship and
cooperation with clients)
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category IP4 ‘‘to guide improvement efforts’’. These categories may evolve in future

replications of this systematic review.

The improvement proposals focus on two targets: the software process and the SPI pro-

gramme. From Table 5, we can observe that what most improvement proposals (71%) have

concentrated on is the guidance of an improvement project and the priority of improvement

implementation, along with the use of existing improvement models, adjusting them to needs.

They have also put great emphasis on the evaluation of the improvements introduced for the

SPI program. Alongside this greater bulk of proposals, there are others (18%) which focus on

the definition, evaluation, and support of the software processes.

From the analysis of the primary studies extracted, it can be concluded that the

improvement approaches can be generated at an organizational or a technical level. It

should be emphasized that there are studies (11%) which, in the quest to support actions of

process improvement, propose the supplying of technical tools and facilities that support

the activities related to the processes. This is termed as technical infrastructure and

includes features such as document templates, process models, techniques and tools.

3.4 Improved processes

The primary studies were used to search for the information that reported on the improved

processes in an explicit way. All studies expressed in natural language some type of

process improvement. This was stored in the data extraction forms described in Sect. 2.4.

After that, this information relating to improvement, expressed in natural language, was

analysed and adapted, the aim being to represent it in a process model. This allowed us to

have a vision of what the improvement efforts in small and medium size companies had

focused on. The process model used to express the improvements was the ISO/IEC

12207:2004 (ISO 2004). The frequency of the improved processes is presented in Fig. 5.

Improvement efforts, as is clear from Fig. 5, aim to improve processes such as project

management, documentation, requirement change management, process establishment,

configuration management and requirement elicitation. There are other processes, as is the

case of joint review, which do not report any type of improvement.

3.5 Success factors

The primary studies were also used to search for and extract the information that reported

the practical advice (success factors) in the success of SPI projects. These success factors

were analysed and synthesized, resulting in the following:

• Initiate the improvement as soon as possible with a simple structure of the SPI model,

but before starting the SPI programme ensure that the organisation is sufficiently stable.

It is important to have expert consultantship when beginning the SPI programme.

• Guide the improvement programme, following a systematic and coherent initiative by

means of specific procedures and combining different approaches. This procedure must

follow an iterative and incremental approach (prioritize the improvement points defined

by the organization) that allows a continuous adoption of improvement practices.

• Provide fast return on investment and yield advances to the organization, carrying out

improvements that have a maximum effect in as short a time as possible. Furthermore,

get optimum value out of resources, stretching them as far as they will go.
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• Look for external financial aid or join together with other companies so as to both

finance and share specialised resources that are involved in improvement.

• Involve the greatest possible number of company employees, using personnel training

to ensure as few interruptions as possible in the SPI programme.

• Minimize resistance to change, through organizational awareness of how the

improvement, if put into operation as a response to a real need, will greatly benefit

the company.

• Track and supervise the SPI programme by means of frequent assessments of

processes, in order to evaluate the efficiency of this programme. A good strategy is to

carry out rapid assessments of software processes.

Fig. 5 Process improvement by improvement efforts in SMEs
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• Tailor and carry out measurement activities by means of the systematic use of process

metrics.

• Establish the infrastructure that supports an efficient communication between the

different actors involved in the improvement.

• The managerial commitment and their strategic plan of the organization are

fundamental within an SPI programme. There must be a commitment to an ongoing

quest for quality on the part of all the organization’s employees.

• Tackle the problem of improvement from the technical perspective.

3.6 Limitations

The systematic review presented in this paper has some limits which should be taken into

account if we are to understand to what extent the results can be generalized and how they

can be used:

• The review has been performed in the context of the COMPETISOFT project. So,

as the group of researchers is small (a researcher and two supervisors), the

scope of the revision had to be well defined and therefore, for the first execution

of the systematic review procedure the secondary searches were not taken into

account.

• The observations and conclusions presented are based on the results extracted from 45

primary studies, which is a significant and representative sample of the published works

on the topic, in accordance with the quality of the selected sources. Systematic reviews,

however, do limit the scope of the population mainly to that of published studies, which

can be a relatively low percentage of the overall population. This can limit the power of

generalization.

• The selected studies include empirical validation based on case studies and all of them

presented positive results. Furthermore, because of the nature of primary studies, it was

difficult to find quality attributes in the context of case studies. Our assessments about

quality attributes are not judgements about whether the primary study had a ‘‘good’’

treatment of these issues (it is limited only to analyse whether the studies considered

these issues).

• A sensitivity analysis was not applied: (i) with regard to the inclusion of only high

quality studies, given the low number and proportion of primary studies which dealt

with quality attributes; and (ii) given the heterogeneous nature of primary study results

which made the quantitative comparison difficult and the carrying-out of meta-analysis

unfeasible (additionally, there are no standardized/universally accepted criteria for

reporting results in the field of SPI).

4 Conclusions and future work

Systematic reviews require an effort which is considerably more intensive than that needed

in the conventional reviews of literature. The formality with which the systematic review is

carried out allows us to validate any results reported in the systematic review which are, in

turn, both supported and guaranteed by the review protocol.
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In this article a systematic review of the literature on SPI efforts carried out in

SMEs has been presented, which has allowed us to obtain a view about SPI in SMEs,

using a representative set of related works which was obtained as a result of the

systematic review.

From the results obtained in the current review, the first observation from the study

that was carried out is that, in the last 5 years, the Software Engineering community

has shown an ever-increasing interest in tackling SPI in SMEs. Although at a global

level there is a general consensus that SEI and ISO models can be applied only with

difficulty in small companies, these same companies do indeed adapt and use these

models when undertaking their improvement efforts. Small companies are currently

undertaking SPI efforts, but SEI or ISO models do not lead to these companies

receiving their certification. The results presented in this paper show that it is indeed

very difficult to successfully apply formal SPI programmes which use models such as,

for example CMM, to SMEs.

Another relevant fact is that the most frequently used improvement models in the SMEs

are CMM (which is expected to be replaced in use by CMMI) as a process reference model,

ISO 15504 as a process assessment method and IDEAL as the model for guiding

improvement. Nevertheless, there are no studies in which the application of the three

models to a small company is reported. It is important to notice that the widespread use of

CMM is due to the fact that it was one of the first models on the market and was heavily

promoted by the DoD in the USA.

The vast bulk of improvement proposals major on guiding the improvement project,

prioritizing SPI implementations, using existing improvement models and fitting them

to SMEs needs, as well as on an evaluation of improvement brought about by an SPI

programme. Improvements introduced by SPI efforts are, however, measured through

informal and non-objective processes, based on the employees’ perception and not

through formal measurement processes. There is a smaller percentage of other

improvement proposals which have as a focal point the definition, assessment and

support of the software process. The focus is also to undertake improvement actions

whose fundamental aim is to provide technical infrastructure to support activities

related to the processes. Furthermore, as is shown in Fig. 5, improvement efforts aim to

improve processes such as project management, documentation, requirement change

management, process establishment, configuration management and requirement elici-

tation. These processes are related to the support, management and improvement of

processes.

Using the protocol of this systematic review as a starting point, secondary searches

from primary studies and new sources of studies (e.g. Springer or conferences related

to SPI) will be reviewed in future iterations, following the suggested procedure for

execution of the systematic review. Furthermore, studies which deal with SPI initiatives

for SMEs, but which do not report a real case study, will also be analysed. These kinds

of studies have been excluded from the present work, as they did not come within its

scope.
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Appendix A

The protocol summary for this systematic review is presented below. To carry out the

systematic review of SPI in SMEs the protocol template presented in Biolchini et al.

(2005) and Kitchenham’s guidelines for systematic reviews presented in Kitchenham

(2004) were followed, along with some advice from other published systematic reviews.

Review planning

Question formulation

Question focus The goal of this systematic review is to identify experience reports and

initiatives carried out in Software Engineering related to software process improvement in

SMEs.

Question quality and amplitude

– Problem: The improvement models established by the SEI or ISO were structured in such

a way as to be applicable to large companies. These models cannot easily be applied in

small and medium organizations, given the fact that an improvement project involves a

large investment in terms of time, money and resources. The great complexity of the

recommendations must also be taken into account, along with the fact that the return on

the investment undertaken has to be seen from a long term perspective (Hareton and

Terence 2001; Johnson and Brodman 1999; Saiedian and Carr 1997).

– Question: What approaches concerning SPI exist, which focus both on SMEs and

report on a case study?

– Keywords and synonyms: software, process, improvement, SPI, small, enterprises,

organizations, companies, team, firms, SME, settings, CMM, CMMI, 15504, SPICE,

12207 and 9001.

– Intervention: To analyse/study the different proposals about software process

improvement which have been applied on SMEs.

– Control: There are no initial data for this systematic review.

– Effect: Identification of the processes improved, key factors for improvements,

improvement strategies conducted and the models for process improvement which are

most usually applied in SMEs.

– Outcome: To present an up-to-date state of the art regarding SPI proposals applied in

SMEs from which to think of and plan innovative research activities as well as to

discuss the significant issues related to this area of knowledge.

– Population: Research proposals in the software processes improvement area which

have been applied within SMEs and which have been published in the list of sources.

– Application: People related to SPI and SMEs, such as instructors, researchers, company

managers and improvement project managers, among others.

– Experimental design: A non-statistical method will be applied.

Sources selection

Definition of source selection criteria The sources have been identified based on the

judgment of experts in the area of work which is the scope of the systematic review.
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Study language English

Source identification

– Source search method: The search execution of the primary results will be performed

by means of the search web engines of each of the selected sources.

– Search string: There are two strings.
– First ‘‘software process improvement’’ AND (small AND(enterprises OR organi-

zations OR companies OR team OR firms OR settings)).

– Second (small AND (enterprises OR organizations OR companies OR team OR

firms OR settings)) AND (CMM OR 15504 OR SPICE OR 9001 OR 12207).

– Source list: The planned list of sources is:
– Science@Direct on the subject of Computer Science,

– Wiley InterScience on the subject of Computer Science,

– IEEE Digital Library,

– ACM Digital Library, and

– As grey literature the special report ‘‘Proceedings of the First International

Research Workshop for Process Improvement in Small Settings’’ from SEI was

reviewed.

– Source selection after evaluation: Expert opinion concluded that, a priori, all the

selected sources satisfy the quality criteria, as the sources include significant and highly

important journals in the area of knowledge tackled by the systematic review.

– Reference checking: The sources were approved.

Study selection

Study definition

– Study inclusion and exclusion criteria definition: Since search strings are not intended

to search empirical studies in the software industry, we defined the inclusion and

exclusion criteria in such a way as to include publications that report case studies.

From the analysis conducted in the first iteration of the relevant studies, we ascertained

that they treated the SPI and SMEs at different levels:

• A first level, where the study consists of the application of a process improvement

effort that focuses on small and medium-size organizations (there is a case study

applied to SMEs).

• A second level, where the study deals with SPI initiatives for SMEs which nevertheless

have never been applied in such companies (there is no case study applied to SMEs).

• A third level, in which the study reports on SPI initiatives where some SMEs are

involved, but improvement in these companies was not the main objective of those

initiatives.

To determine which articles, in the context of the systematic review, were important

enough to be considered as primary studies, the exclusion criterion was to exclude any of

those which dealt with SPI and SMEs at levels two and three.

– Study type definition: Publications about SPI initiatives applied in SMEs, which have

been reported as papers in the selected sources.

– Procedures for study selection: see Fig. 1.
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Planning evaluation

The protocol evaluation of this systematic review was performed through:

• Protocol execution testing on one source in the first iteration of the review. During this

iteration the protocol that was initially planned was evaluated and improved in order to

achieve the review objectives, giving the final protocol presented in this work as a

result. Some pre-searches were carried out to select the most suitable set of keywords

and search strings. For example, in the planning evaluation stage and with regard to

keywords, we initially considered the words ‘‘Small’’ and ‘‘Medium’’, as small and

medium are part of the acronym SME. However, when the search of this first iteration

was performed by using the words ‘‘small’’ and ‘‘medium’’, it was observed that the set

of publications was a subset of the publications returned by using only the word

‘‘small’’. Because of this, only the word ‘‘small’’ was included in the definitive search

strings. The same strategy was followed when choosing the search strings in singular

and/or plural forms. Finally, the plural form was considered to be most suitable to

perform the searches as with singular search strings only a subset of publications

extracted with strings in plural were obtained.

• Periodical meetings took place with two experts in the field of research, in order to

validate the protocol and to track the review execution, to ensure that it was being

carried out in a suitable manner.

Review execution

Selection execution

– Initial study selection: The complete selection execution and list of studies can be

found in Pino et al. (2006).

– Study quality evaluation: See Sect. 2.4. Moreover, all selected studies have an

assumption of quality, as they have been published in the selected sources. This means

that the publications accepted have gone through a strict reviewing period which

guarantees their quality.

– Selection review: The study selection was approved in control meetings with the

experts in the area.

Information extraction

Information inclusion and exclusion criteria definition The data inclusion criteria from the

primary studies consisted of collecting information about the improvement strategy

applied, the processes improved, the improvement success key factors and the models used

for process improvement. Moreover, the most important ideas from the studies were

registered.

Data extraction forms See Sect. 2.4.

Extraction execution See Table 3. The complete data extraction execution can be found

in Pino et al. (2006).

Resolution of divergence among reviewers There was no divergence; only one person

carried out the execution of the review and two experts validated the information.
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Appendix B: List of selected studies

In this section the selected primary studies in the systematic review are presented.

Table B.1 Primary studies selected in the systematic review

List of primary studies selected in the systematic review

16 J. Batista, A. Dias De Figueiredo. 2000. SPI in a very small team: a case with CMM. Software
Process: Improvement and Practice. Volume 5, Issue 4, December 2000, pp. 243–250.

36 Gro Bjerknes, Lars Mathiassen. 2000. Improving the Customer-Supplier Relation in IT
Development. 33rd Hawaii International Conference on System Sciences-Volume 4, January
2000, pp. 4044.

42 Rosario Blowers and Ita Richardson. 2006. The Capability Maturity Model (SW and Integrated)
Tailored in Small Indigenous Software Industries. Proceedings of the First International Research
Workshop for Process Improvement in Small Settings, January 2006, pp. 175–181.

43 Jose A. Calvo-Manzano, Gonzalo Cuevas Agustı́n, Iván Garcı́a Pacheco, Tomás San Feliu Gilabert,
and Ariel Serrano. 2006. A Software Process Improvement Solution for Small and Medium-Size
Enterprises. Proceedings of the First International Research Workshop for Process Improvement in
Small Settings. January 2006, pp. 182–192.

18 Valentine Casey, Ita Richardson. 2004. A practical application of the IDEAL model. Software
Process: Improvement and Practice. Volume 9, Issue 3, July/September 2004, pp. 123–132.

2 Aileen Cater-Steel, Mark Toleman and Terry Rout. 2005. Process improvement for small firms: An
evaluation of the RAPID assessment-based method. Information and Software Technology, In
press, Available online 20 December 2005.

21 Aileen P. Cater-Steel. 2004. Low-rigour, Rapid Software Process Assessments for Small Software
Development Firms. 2004 Australian Software Engineering Conference (ASWEC’04). April 2004.
pp. 368.

25 Kathleen Coleman, Patricia Larsen, Michele Shaw, Marvin V. Zelkowitz. 2005. Software Process
Improvement in Small Organizations: A Case Study. IEEE Software. November 2005, pp. 68–75.

6 K. Daily, D. Dresner. 2003.Towards software excellence – informal self-assessment for software
developers. Software Process: Improvement and Practice. Volume 8, Issue 3, July/September
2003, pp. 157–168.

30 Elif Demirors, Onur Demirors, Ouz Dikenelli, Billur Keskin. 1998. Process Improvement Towards
ISO 9001 Certification in a Small Software Organization. 20th International Conference on
Software Engineering (ICSE’98). April 1998.

34 Torgeir Dingsoyr, Nils Brede Moe. 2004. A Tool to Define Electronic Process Guides in Small
Software Companies. 2004 Australian Software Engineering Conference (ASWEC’04). April
2004, pp. 350.

5 Tony Gorschek, Claes Wohlin. 2004. Packaging software process improvement issues: a method and
a case study. Software: Practice and Experience. Volume 34, Issue 14, 25 November 2004,
pp. 1311–1344.

33 P. Grunbacher. 1997. A software assessment process for small software enterprises. 23rd
EUROMICRO Conference ‘97 New Frontiers of Information Technology. September 1997,
pp. 123.

26 Felipe Guerrero, Yadran Eterovic. 2004. Adopting the SW-CMM in a Small IT Organization. IEEE
Software. July 2004, pp. 29–35.

35 Volkmar H. Haase. 1998. Software Process Improvement Planning with Neural Networks. 24th
EUROMICRO Conference Volume 2 (EUROMICRO’98). August 1998, pp. 20808.

14 Hareton K. N. Leung, Terence C. F. Yuen. 2001. A process framework for small projects. Software
Process: Improvement and Practice. Volume 6, Issue 2, June 2001, pp. 67–83.

10 Lasse Harjumaa. 2005. A pattern approach to software inspection process improvement. Software
Process: Improvement and Practice. Volume 10, Issue 4, October/December 2005, pp. 455–465.
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Table B.1 Appendix continued

List of primary studies selected in the systematic review

45 Mary Anne Herndon and Sandra Salars. Two Case Studies in Implementing Model Based Process
Improvement in Small Organizations. Proceedings of the First International Research Workshop
for Process Improvement in Small Settings. January 2006, pp. 245–250.

11 Romana Vajde Horvat, Ivan Rozman, József Györkös. 2000. Managing the complexity of SPI in
small companies. Software Process: Improvement and Practice. Volume 5, Issue 1, March 2000,
pp. 45–54.

12 Daniel Karlström, Per Runeson, Sara Nordén. 2005. A minimal test practice framework for emerging
software organizations. Software Testing, Verification and Reliability. Volume 15, Issue 3,
September 2005, pp. 145–166.

9 Karlheinz Kautz. 1998. Software process improvement in very small enterprises: does it pay off?
Software Process: Improvement and Practice. Volume 4, Issue 4, December 1998, pp. 209–226.

24 Karlheinz Kautz. 1999. Making Sense of Measurement for Small Organizations. IEEE Software.
March 1999, pp. 14–20.

39 Karlheinz Kautz, Henrik Westergaard Hansen, Kim Thaysen. 2000. Applying and adjusting a
software process improvement model in practice: the use of the IDEAL model in a small software
enterprise. Proceedings of the 22nd International Conference on Software engineering. Publisher:
ACM Press. June 2000.

28 Declan P. Kelly, Bill Culleton. 1999. Process Improvement for Small Organizations. Computer.
October 1999, pp. 41–47.

8 Tapani Kilpi. 1997. Product management challenge to software change process: preliminary results
from three SMEs experiment. Software Process: Improvement and Practice. Volume 3, Issue 3,
September 1997, pp. 165–175.

4 Felicia Kurniawati and Ross Jeffery. 2005. The use and effects of an electronic process guide and
experience repository: a longitudinal study. Information and Software Technology, In Press,
Available online 19 July 2005.

38 Felicia Kurniawati, Ross Jeffery. 2004. The Long-term Effects of an EPG/ER in a Small Software
Organisation. 2004 Australian Software Engineering Conference (ASWEC’04). April 2004,
pp. 128.

19 Bridget Meehan, Ita Richardson. 2002. Identification of Software Process Knowledge Management.
Software Process: Improvement and Practice. Volume 7, Issue 2, June 2002, pp. 47–55.

23 Uolevi Nikula, Jorma Sajaniemi. 2005. Tackling the Complexity of Requirements Engineering
Process Improvement by Partitioning the Improvement Task. 2005 Australian Software
Engineering Conference (ASWEC’05). March 2005, pp. 48–57.

41 Hanna Oktaba. 2006. MoProSoft1: A Software Process Model for Small Enterprises. Proceedings of
the First International Research Workshop for Process Improvement in Small Settings. January
2006, pp. 93–101.

29 Sergio Otoya, Narciso Cerpa. 1999. An Experience: A Small Software Company Attempting to
Improve its Process. Software Technology and Engineering Practice. August 1999, pp. 153.

27 Kristian Rautiainen, Lauri Vuornos, Casper Lassenius. 2003. An Experience in Combining
Flexibility and Control in a Small Company’s Software Product Development Process. 2003
International Symposium on Empirical Software Engineering (ISESE’03). September 2003.

7 Ita Richardson. 2001. Software process matrix: a small company SPI model. Software Process:
Improvement and Practice. Volume 6, Issue 3, September 2001, pp. 157–165.

3 Louise Scott, Lucila Carvalho, Ross Jeffery, John D’Ambra and Ulrike Becker-Kornstaedt. 2002.
Understanding the use of an electronic process guide. Information and Software Technology,
Volume 44, Issue 10, 1 July 2002, pp. 601–616.

22 Louise Scott, Ross Jeffery, Lucila Carvalho, John D’Ambra, Philip Rutherford. 2001. Practical
Software Process Improvement – The IMPACT Project. 13th Australian Software Engineering
Conference (ASWEC’01). August 2001, pp. 0182.
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Table B.1 Appendix continued

List of primary studies selected in the systematic review

37 Louise Scott, Lucila Carvalho, Ross Jeffery. 2002. A Process-Centred Experience Repository for a
Small Software Organisation. Ninth Asia-Pacific Software Engineering Conference (APSEC’02).
December 2002, pp. 603.

40 Miguel A. Serrano, Carlos Montes de Oca, Karina Cedillo. 2006. An Experience on Implementing
the CMMI in a Small Organization Using the Team Software Process. Proceedings of the First
International Research Workshop for Process Improvement in Small Settings. January 2006,
pp. 81–92.

44 Ana Patrı́cia Silveira Viotti, Lilian Corrêa Fontana, Gabriela Elisa da Cunha. 2006. The
Implementation of SW-CMM Level 2 – A Successful Case of a Brazilian Company’s
Organizational Competence and Commitment. Proceedings of the First International Research
Workshop for Process Improvement in Small Settings. January 2006, pp. 228–232.

15 K. Thorwart. 1998. The AMETIST process improvement experiment: towards efficient team
development in small companies. Software Process: Improvement and Practice. Volume 4, Issue 1,
March 1998, pp. 11–18.

13 Angela Tuffley, Bill Grove, Gary McNair. 2004. SPICE for small organisations. Software Process:
Improvement and Practice. Volume 9, Issue 1, January/March 2004, pp. 23–31.

31 Jarno Vahaniitty. 2003. Key Decisions in Strategic New Product Development for Small Software
Product Businesses. 29th Euromicro Conference (EUROMICRO’03). September 2003, pp. 375.

1 Christiane Gresse von Wangenheim, Sérgio Weber, Jean Carlo Rossa Hauck, Gisele Trentin. 2006.
Experiences on establishing software processes in small companies. Information and Software
Technology, In Press, Available online 15 February 2006.

20 Christiane Gresse von Wangenheim, Alessandra Anacleto, Clenio F. Salviano. 2006. Helping Small
Companies Assess Software Processes. IEEE Software. January 2006, pp. 91–98.

32 Karl Wiegers. 1999. Software Process Improvement in Web Time. IEEE Software. July 1999,
pp. 78–86.

17 F.G. Wilkie, D. McFall, F. McCaffery. 2005. An evaluation of CMMI process areas for small- to
medium-sized software development organisations. Software Process: Improvement and Practice.
Volume 10, Issue 2, April/June 2005, pp. 189–201.
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