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Abstract. The majority of software development organizations all over
the world are small and medium enterprises. These organizations have
realized that it is crucial for their business to improve their processes
and working methods but they are lacking the knowledge and resources
to do it. Successful implementation of SPI methodologies in small and
medium-sized software enterprises (SMEs) is generally not possible
because such organizations are not capable of investing the cost of
implementing these programs. Limited resources and strict deadlines to
complete the projects make it further difficult to implement SPI programs
which can also affect quality issues in software project. There are
various SPI methodologies to address these issues which have been
also deployed in these organizations. In this paper, recent and
significant SPI methodologies (OWPL, ASPE-MSC, iFLAP, PRISMS,
SPM, MESOPYME) for SMEs are compared and discussed. This will
facilitate the maturity of software process improvement in SMEs,
standardization and also contribute in the development of automation
tools for SPIs in future.
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1. Introduction

It is well known that software quality is largely dependent on the process that
is used to create it. [82]. For many years now software process improvement
(SPI) has been recognized as an effective way for companies to improve the
quality of the software they produce and the productivity with which they work
[73]. A software process can be defined as an environment of capable
interrelated resources managing a sequence of activities using appropriate
methods and practices to develop a software product that conforms to
customer’s requirements [88]. The desired result is high quality software at
low cost. As each software development project is an instance of the process
it follows, it is essentially the process that determines the expected outcomes
of a project [37]. Software processes play an important role in coordinating



Deepti Mishra and Alok Mishra

different teams in large organizations so that their practices don’t lose touch
with one another [23]. Ideally, these processes should combine the need for
flexibility and creativity, but that balance is hard to achieve [28]. There is
evidence that the majority of small software organizations are not adopting
existing standards as they perceive them as being orientated towards large
organizations and studies have shown that small firms’ negative perceptions
of process model standards are primarily driven by negative views of cost,
documentation and bureaucracy [47]. A vast majority of software producers,
have not yet implemented a methodology for software process improvement,
are paying high costs of production and systems maintenance, and are
therefore being displaced from the global market, not being on the same
competitive level as companies that possesses a process improvement
method [34]. There are several models for software process improvement,
such as the Capability Maturity Model Integration (CMMI), the Software
Process Improvement and Capability dEtermination (SPICE) and the 1SO
9000 norms from the International Standardization Organization. These
models provide quality patterns that a company should implement to improve
its software development process [34]. Unfortunately, it has been observed
that the successful implementation of such models is generally not possible
within the context of small and medium-sized software organizations because
they are not capable of bearing the cost of implementing these software
process improvement programs [40, 84] and the proper implementation of
software engineering techniques is difficult task for SMEs as they often
operate on limited resources and with strict time constraints [84]. Small
companies generally need external assistance in planning and implementing
process improvement to keep abreast of state-of-the-art software-engineering
research and practice [62]. Many small and medium software development
organizations have recognized the need to improve their software product
and evaluating the software product alone seems insufficient since it is known
that its quality is largely dependent on the process that is used to create it
[82]. Therefore, these organizations are looking for evaluation of their
software processes and products. It is further supported by many researchers
that small software organizations are characterized by their insufficient human
resources, lack of development and supporting environment, lack of budget
and dependency on the large organizations [8] and find software process
improvement a major challenge [51]. Another main problem with these
organizations is that they do not have a process culture and in a process
culture people’s customs and behaviors are influenced by process-oriented
thinking and process management principles [83]. Dyba [23] indicated that
SPI can be used as a competitive advancement strategy for both small and
large organizations [23]. Further, Cater-Steel [16] found in their study that the
process improvement program was effective in improving the process
capability of many of these small software development firms. Today, the
software industry is one of the most rapidly growing sectors and this situation
stimulates especially the constant creation of small companies which play an
important role in the economy [84] and in the last few years, a great number
of organizations have been interested in SPI [14]. A considerable amount of
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software is produced world-wide by SMEs ranging from 1 to about 50
employees [30]. In this context, German and Brazil; an software market of
these companies was around 77% and 69% during 2001 [58]. Richardson
[69] observed that there is a need for small software companies in the Irish
sector to improve their software process. 73% of software companies in NI
(Northern Ireland) would desire to engage in some form of software process
improvement program particularly using lighter approaches such as class
CCMMI appraisal methods [50]. The term small setting has been defined as
an organization or company of fewer than approximately 100 people, and a
project of fewer than approximately 20 people [76]. As mentioned in the
Software Engineering Institute Web site for small settings, a major aspect to
be considered in these environments is that the amount of resources used to
support a process improvement effort would be a large percentage of an
organization’s operating budget, [76]. Johnson and Brodman define a small
organization as fewer than 50 software developers and a small project as
fewer than 20 developers [38].

2. Related Works and Rationale of SPI in SMEs

The motivation for carrying out process assessment and improvement
activities is to collect information as to what needs to be changed and to
establish how to pursue the improvements in order to minimize development
cost and maximize the quality of products produced [67]. Process
assessment is utilized to evaluate the capability of a process [49]. Existing
software engineering and organization development literature acknowledges
that there are fundamental operational differences between small and large
organizations [23]. Small organizations seem more concerned about practice,
while large organizations seem more concerned about formal process [23].
Russ and McGregor [71] observed that software development process can be
just as critical to a small project’s success as it is to that of a large one due to
the number of external dependencies per team member. They further argued
that its goal is to produce high quality and timely results for today’s market
without imposing a large overhead on a small project. Paquin [63] identifies
assessments, project focus, documentation, required functions and maturity
characteristics as process issues for small organization. Abbott [1] identifies
six keys to software process improvement in small organizations:

Senior management support

Adequate staffing

Applying project management principles to process improvement
Integration with ISO 9001

Assistance from process improvement consultants

Focus on providing value to projects and to the business
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Johnson and Brodman [38] identify seven small organization/small project
challenges:

¢ Handling requirements

e Generating Documentation
e Managing Projects

¢ Allocating Resources

e Measuring Progress

e Conducting Reviews

e Providing training

Larsen and Kautz [48] also viewed that these organizations are afraid of
the initial expenses which they assume are large both with regard to direct
costs for process assessment, training and tools, but also due to indirect
costs for personal and time resources when implementing improvement
actions. Kuvaja et al. [44] further supports that it is quite difficult for any SME
to choose an improvement approach, and to apply it in their organization
without the help of external consultants or substantial investment in the time
of their software managers. Cultural issues like resistance to change from the
employees or the management areas, who regard the extra work required for
quality assurance as a useless and complicated burden put on the developing
team. According to Biro et al. [11] national culture also affects the process
improvement methods. Kuvaja et al. [44] mentioned that the main problem of
the small companies is that they cannot afford to maintain substantial
expertise of software process improvement within their companies, but they
have to buy it from external sources. A further problem related to the lack of
expertise is to find how to start the improvement and which experts to use.
Due to budget constraints, the services of a consultant organization to
improve the software quality are not possible. Still the need for a good quality
assurance program is becoming more evident, and managers are striving to
achieve international quality standards that, in the long run, result in lower
production costs [34]. According to Kautz [40], the software process
improvement is rewarding and advantageous also for small organizations if it
takes into account the peculiarities of such organizations. Dyba [23] also
found empirically that small organizations implemented SPI as effectively as
large organizations, and in turn, achieved high organizational performance.
According to his study, the main lesson to be learned is that to implement SPI
at least as effectively as their larger counterparts, small software
organizations should capitalize on their relative strengths in employee
participation and exploration of new knowledge. There are various
approaches, languages and tools for process definition [3]. However, are
rarely applied in practice [17] specifically with small organizations [60].
Furthermore, only few studies in the context of small software companies
have been performed [43, 72, 74]. In order to get an edge in an ever-growing
highly competitive software development world, it is significant for an
organization to regularly monitor the software process. It is important for an
organization to continuously improve its software process on the basis of
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feedback from various stakeholders. It is also supported by Mintzberg [59]
that for smaller organization’ where much of the work is coordinated through
direct supervision and mutual adjustment, it is important to find a balance
between these mechanisms and formal, defined and highly detailed
documented procedures to facilitate organizational learning [61]. Despite the
fact that even in the US most software producing units are comparably small
and state a need for improvement [13], little is known about software process
improvement in this kind of organization [40]. Kautz [40] further supported the
view that even small organizations with little more than two developers can
profit from some basic formal routines. According to his research project
conclusion if procedures are defined, concisely described and tested,
feedback from these tests can be used as feedback to improve the
procedures and routines. According to Kuvaja [44], it is common knowledge
amongst the SMEs that full-scale assessment methods are only useful in
large organizations and do not serve the SMEs appropriately. Nevertheless,
small software development teams can improve their software processes
beneficially as well as large organizations [64, 20].

To summarize, most of the previous reported research is focused on SPI
models, assessment methods and case studies/projects applicable in SMEs.
In contrast, this paper discusses and compares software process
improvement methodologies for SMEs from a comparative view. To the best
of our knowledge, the most related work is performed by Mishra and Mishra
[55], who reviewed and compared various SPI methodologies on different
significant attributes supported by various studies. This study extends
previous work [55] in a substantial way. The major additions of this work over
previous work are (1) Two recent SPI models: iFLAP and OWPL; (2)
Additional attributes of comparison; (3) Revised and extended discussions;
and (4) Rigorous and up-to-date literature review with latest references
related with SPI in SMEs.

The remainder of this paper is organized as follows: The following section
discusses software process improvement methodologies for SMEs. Later,
these methodologies are compared and discussed. Finally, the paper
concludes with limitations and directions for future research in this area.

3. Software Process Improvement Models for SMEs

Any software process improvement plan requires a qualified statement about
the current status of software development in the companies and a
description of strengths and weaknesses identifying areas for improvement.
On the basis of a literature survey, we have selected the following six SPI
methodologies which have been implemented in SMEs. Due to limited
resources and the size of the organizations, an extensive, formal assessment
of the software practices following defined comprehensive approaches like
the Capability Maturity Model [65], the ISO/IEC 90003:2004 [36], the TickIT
scheme [81], Bootstrap [45] and IDEAL [42] model was not considered to be
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necessary or appropriate in this context. It is also supported by Kautz [40].
Further MESOPYME obijectives are similar to those of the IDEAL model [57]
from the Software Engineering Institute (SEI).

Salient features of selected software process improvement methodologies
for SMEs are discussed in this section.

3.1. OWPL: A Gradual Approach for Software Process Improvement
in SMEs

This approach is based on a three-stage software process improvement
framework [6].

Stage 1: Micro-assessment. At this stage, a very simplified questionnaire
called the micro-evaluation is used to collect information about the current
software practices in small structures and to make people aware of the
importance of software quality aspects [6]. The questionnaire covering 6
practice areas (quality management, customer management, subcontractor
management, development and project management, product management,
training and human resources management) is used by an assessor to
interview a representative of the organization being evaluated [31]. The
assessor must have sufficient expertise in software quality and software
process improvement. The interviewee should have sufficient knowledge of
the organization’s IT activities [31]. Micro-evaluation results are presented in
a report written by an evaluator. It includes general recommendations and
specific improvement actions prioritized with respect to the organization’s
context and goal [31].

Stage 2: OWPL evaluation. As micro-evaluation’s main goal is to give a
first analysis, an in-depth analysis is achieved through this step. The OWPL
evaluation covers 10 process areas and requires more than one person to be
interviewed for each process [31]. Each process is described by its goal along
with its description and a list of practices that compose the process [68]. The
systematic description of a practice provides the goal, inputs, outputs and
resources needed by that practice [68]. OWPL is designed to quickly identify
practices related to software development in need of improvement, and also,
to help draw a simple plan of action aiming at improving those practices and
measuring the improvements [68]. Usually, an OWPL assessment only
focuses on some of the processes, which are selected on the basis of a
former assessment such as a micro evaluation or of a quick interview prior to
conducting the OWPL assessment [68]. Focus on particular processes can
also depend on the explicit demand of the enterprise to assess or on the
results of the enterprise value chain analysis [68].
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Stage 3: SPICE assessment. Bigger companies with medium/high quality
level are eventually invited to undertake an ISO/IEC15504 or a CMMI
evaluation if this appears appropriate [6].

3.2. Software Process Matrix (SPM) Model

This model helps the organization in finding the relative importance of
software processes. For the high priority processes, the practices that need to
be worked on are determined by Software Process Matrix (SPM). SPM is
based on Quality Function Deployment (QFD). In QFD, the ‘voice of the
customer’ is collected, and the relative importance of each customer
requirement is measured. In the house of quality matrix, these requirements
are used to identify design characteristics which have the greatest impact on
customer requirements. Although QFD consists of many matrices, the main
focus is often this matrix, as using it alone can have a significant effect on the
product development process [26]. Using QFD, the software process model is
treated as the customer where software processes are the customer
requirements. These processes were identified from software process
literature. The design characteristics are the practices which must be followed
for the processes to be successful. These practices were also identified from
the software process literature.

A crucial part of the development of the software process matrix was to
identify the relationships between processes and practices. Those which are
explicitty mentioned in the literature were easily identified. Using expert
opinions and various statistical techniques, other relationships between
processes and practices were identified, resulting in the development and
verification of the software process matrix which was then validated in the
industry.

For a small company to use any software process model to their
advantage, it is imperative that the effort expended is minimal. The SPM
provides them with a generic section that has been completed previously and
can be used in their company. A questionnaire is provided to assess the
current performance, planned future performance and importance to the
company of every process. From the company’s point of view, all they need to
provide are the measurements for calculating the overall importance of the
software process considering the following [69]:

Current capability as assessed using a self-assessment questionnaire.
Future capability as input from management.

Importance of software process to the business.

Competitive analysis

Market leverage for company specific requirement e.g. ISO-certification.

Allowing management to choose whether or not to include figures for
competitive analysis and market leverage allows flexibility within the model.
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Practices with the highest values are the most important, and therefore it is
suggested that these should be worked on first in the organization. From this,
the priorities to be included in any software process improvement action plan
are established and can help the organization to determine their improvement
strategy. The complete SPM provides the organization with a ranked list of
actions which can be input to their software process improvement strategy.
This ranked list can be combined with cost figures and time-effective
calculations thus taking these factors into account when determining the
action plan for the organization.

3.3.  An Approach for Software Process Establishment in Micro and
Small Companies (ASPE-MSC)

An Approach for Software Process Establishment in Micro and Small
Companies (ASPE-MSC) is defined by integrating and adapting existing
approaches [5,9,10,19,46,52,75] to the characteristics of small software
companies. The principal phases of the approach are:

Planning. In the beginning, the process establishment is planned on a high
level. Later on, during strategic analysis, the plan is revised, completed and
adapted in accordance to the decisions made.

Phase 1, Diagnosis. The objective of this phase is to contextualize the
organization and to obtain a high-level snapshot of the actual software
process in place. Such a baseline can be established through a software
process assessment using, e.g. MARES [29], an ISO/IEC 15504 conformant
process assessment method tailored to small companies.

Phase 2, Strategic analysis. The objective of this phase is to specify the
scope and to prioritize candidate processes to be established based on the
results of the diagnosis and in accordance with the organization’s business
and improvement goals. This can be done by using, e.g. an adaptation of the
SWOT (Strengths/Weaknesses/Opportunities/Threats) analysis technique
[39] relating the importance of processes and their assessed/estimated
capability.

Phase 3, Definition. The objective of this phase is to define the selected
software process (es) in the form of a process guide in order to support
process performers. Generally, the definition of the selected process(es)
begins with the descriptive modeling of the actual process(es) in place. This
activity is composed of a process familiarization phase and a detailed
elicitation phase [9]. During the process familiarization phase an overview of
the software process and its general structure, interaction and sequence is
obtained and documented, for example, in a process flow diagram. In the next
step, roles, competencies and responsibilities related to each activity are
identified.

Phase 4, Implementation. First, the evaluation of the defined process(es) is
planned in parallel to their implementation. This includes the revision and/or
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definition of measures in order to monitor and determine the effectiveness
and suitability of the process(es) and whether the expected benefits are
achieved.

Monitoring & Control. The complete establishment of the process (es) is
monitored and controlled. Therefore, data is collected and analyzed by the
process engineer and assistant. If required, corrective actions are initiated
and the plan is updated.

Post-mortem. Once a complete process establishment cycle is terminated,
the process establishment approach is evaluated as a basis for continuous
improvement. This is done by collecting and analyzing feedback from process
performers, sponsors, and the process engineer and assistant in a feedback
meeting or by questionnaires.

3.4. PRISMS: An Approach to Software Process Improvement for
Small to Medium Enterprises [7]

PRISMS is an action research project, with a team of three researchers from
Leeds Metropolitan University, working alongside managers and developers
in participating companies advising and assisting with the planning and
implementation of software process improvement programmes, over a three
year period.

The key features of the process are:

e The existing informal process is examined, and if resources permit, an
explicit model is created.

¢ In the PRISMS programme, the business goals are defined earlier by
management. These goals drive much of the subsequent activity,
especially the selection and prioritization of key process areas for
improvement and the selection of measurements.

e A consultation exercise is carried out, involving all members of
development teams. A brainstorming session, and/or questionnaire-
based survey help the developer's team to take ownership of the SPI
programme, and to be involved in the programme from the earliest
stage.

o A tailored version of the CMM assessment is carried out by members of
the research team, primarily to help identify key process areas (KPAs)
for improvement.

e Using these inputs the KPAs for improvement are identified and
prioritized. The main criteria here should be the extent to which the
KPAs are likely to contribute to the identified business goals. One
company has found a weighted selection approach of the type described
by Martin [53] to be useful. The process/practice matrix approach
described by Richardson [70] could also be used.
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o Measurements are defined as an integral part of the SPI planning
process. Managers are generally keen to have more precise ways of
tracking key resource and quality indicators. The Goal Question Metric
paradigm can be used to measure selected attributes based on the
business goals defined for the SPI programme [12].

e The SPI plan is periodically reviewed, and there is provision to collect
feedback from stakeholders.

The most important aspects of measurement for SPl programmes in
smaller organization is that they should be simple to gather and interpret and
that they should be used in planning and decision making. Simple automation
can help to reduce the overheads associated with data collection and
processing.

3.5. Improvement Framework Utilizing Light Weight Assessment and
Improvement Planning (iFLAP)

iFlap may be used to evaluate a single process area or it can be scaled so
that any or all process areas can be assessed [67]. iFlap consists of three
main steps [67]:

Step 1: Selection. It is important to select the right people as participants
in the study from the organization so that assessment and improvement
phases reflect the opinion of the entire staff [67]. Assessors should have a
basic understanding of the organization before this step commences [67].
Workshops with representatives from the organization are conducted to help
assessors understand the company [67]. The selection step is done in three
major steps: first choosing projects to study, then selecting roles (both in
project and line organizations) and finally appointing actual people that can
represent each role [67].

Step 2: Assessment. In this step, improvement issues are gathered from
the organization through interviews with practitioners. The improvement
issues gathered are triangulated against project and process documentation
for confirmation [67]. An assessment consists of two main parts: a project
study, scrutinizing one or more projects, and a line study, that examines the
relevant parts of the organization that are not part of a particular project [67].

Step 3: Improvement Planning. Firstly, selection of company’s
representatives, who are going to take part in this step, is done. Practitioners
who took part in the assessment step can be retained for this step also but
roles not directly associated with system development may be removed [67].
As the risks and cost of implementing all improvements at once are too high it
is important that improvement effort focuses on a limited number of issues at
a time taking evolutionary steps [67]. So, improvement issues are prioritized
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based on factors such as business goals, practical restrictions and cost of
implementation etc.[67]. Lastly, packaging of improvement issues is done in
order to guide planning and implementation of changes in the process.

3.6. MESOPYME [14]

MESOPYME has been defined, taking into account a generic SPI model
defined by ISPI [25] in four stages—whose objectives are similar to those of
the IDEAL model [57] from the SEI. The key features of MESOPYME are as
follows:

Stage 1: Commitment to improvement. Its objective is to obtain the
support of senior management to carry out the improvement project.

Stage 2: Software process assessment. lts objective is to obtain
strengths and weaknesses of the process assessed with respect to a
software process model— CMM (Capability Maturity Model). From this
assessment, processes (usually 1 to 3) to be improved are selected.

Stage 3: Improvement solution. Its objective is to provide the needed
infrastructure to carry out improvement (in selected processes), and to create
the plan to follow in order to define and implement improvement in these
selected processes. The improvement solution stage is performed through
the application of a generic set of components that we have called an Action
Package. An Action Package is a general solution to a particular software
process area that should be customized to a company, taking into account its
business goals and assessment results. An action package is implemented in
some selected pilot projects.

Stage 4: Institutionalize. Finally, improvement must be institutionalized.

4. Discussion

As these SPI methodologies are divergent in characteristics, therefore it is
required to find out some significant but common attributes so that we can
find a comparative view of all selected SPI approaches. Kautz et al. [42]
concluded in their findings that first lesson for the small organizations, which
wish to perform improvement activities, is that it makes sense to use a
structural model to organize the process. They further suggested that the
second lesson is that the model should be adjusted to the particular
conditions of the organizations and the third lesson is that it makes sense to
perform the improvement activities as a project with clearly assigned and
documented roles, responsibilities and resources. Beyond the adjustment of
general models (which is in fact a base for these approaches), Kautz [41]
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points out the significance of factors to be studied further like management
support and commitment, project planning and organization, education and
training, assessment, monitoring and evaluation, staff involvement, support
and knowledge transfer by external consultants, usability and validity of the
introduced changes and cultural feasibility for process improvement in
software SMEs. As SMEs have limited budgets and resources [40, 86, 8, 15],
following factors are important providing the base in terms of comparison of
SPI models and well supported by researchers:

a)

f)

122

If it is based on already established SPI methods like CMMI then it may
be better in the long run. Although this factor is not important right now,
later organization may grow and may wish to achieve a specific
established method like CMMI, SPICE etc. If the SPI model organizations
are choosing right now is based on, for example CMMI, then it will be
easy to switch over in future. Paulk [66] also suggests to begin with the
“as is” process, not the “should be” process, to leverage effective
practices and co-opt resisters. The “should be” process may or may not,
be feasible in the given culture and environment.

There are two key questions: where am | and what needs to be
improved? and how to improve it? If a SPlI model answers both these
questions successfully, then it is easier for the organization to use and
implement it.

There are three major steps in most of the SPI models: Assessment step,
SPl planning by analyzing data collected in assessment step,
implementation of SPI plan. If all these three steps are clearly defined in
terms of what needs to be done in each step and who are the people
involved in each step then such model can be easily applied in an
organization.

Whether it takes into consideration specific needs of the organization then
it is better for the organization as also supported by Ginsberg [27] and
Ade [4] that processes need to be tailored to the needs of the project.
Although standard processes provide a foundation, each project will also
have unique needs and unreasonable constraints on tailoring which can
lead to significant resistance to the following process [66]. As Hoffman
[35] expresses it: “Don’t require processes that don’t make sense”.

If it provides some flexibility to the organization like choice of different
methods for assessment etc. then it is better. It is also supported by Glass
[28] that these processes should combine the need for flexibility and
creativity. Further Richardson [69, 70] found flexibility as a significant
characteristic for software process and included it in her proposed model.
Alexandre et al. [6] also observed that because of their comparative size,
SMEs are not able to impose their methodological approach, even if it is a
very good one. They have to follow the methodological guidelines of their
(larger) customers. As a consequence, flexibility becomes a vital concern.
Whether it is continuous or staged? An organization may choose one
over another. Continuous representation allows an organization to select
the order of improvement that best meets the organization’s business
objectives and mitigates the organization’s areas of risk. On the other
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hand, staged representation provides a proven sequence of
improvements, beginning with basic management practices and
progressing through a predefined and proven path of successive levels,
each serving as a foundation for the next [77].

Commitment of senior management in SPI initiative is very important.
Lack of senior management commitment is recognized by [2,22,24,86] as
a major bottleneck to the success of SPI initiatives, but interestingly
Cater-Steel et al. [15] found in their study that in most small organizations,
the business operator is often involved in all aspects of the business and
would therefore instigate the SPI and participate heavily in it. Dangle et al.
[21] also supported in their case study to properly ensure that process
improvement resources are committed while Mikaliunas and Reingardtas
[54] recommended getting full support and commitment from company top
management.

Involvement of software development team members from the start is very
important. Their views should be considered while deciding what needs to
be improved. It may help in securing their confidence and commitment in
SPI initiative. Otherwise they may resist SPI initiative later on.
Commitment from management is one of the most crucial factors for
successful SPI. However, it is not enough and there must be commitment
and involvement by middle management, staff and developers [67].
Whether it requires SME’s staff, who will take part in SPI initiative, to have
prior experience in this field. If it does, it may not be suitable as SMEs
have difficulty in recruiting and retaining experienced staff. An association
was found between assessed capability levels and the experience and
education level of staff employed by the assessed firms [16].

Whether it requires the need to take the help of external experts. If this is
the case, it might be difficult for the organization as they have to bear the
extra cost. In this context it is important to note recommendations by
Cater-Steel et al. [15] that firms are advised to draw on expertise of
external assessors/consultants as mentors. However, research has
shown that small firms are averse to consultants and reluctant to seek
external help [18]. This was further supported by Hall, Rainer and Baddoo
[32] that companies did not highly value the input of external consultants.
Therefore, the assessors, as external consultants, need to develop a
relationship with the developers in small firms [15].

Whether roles and responsibilities are clearly assigned to all people taking
part in SPI initiative. Also, if they need training, it should be provided. Both
these factors are important for any successful SPI initiative as mentioned
by Kautz [41]. Cater-Steel et al. [15] advised that SPI action plan, derived
from the assessment recommendations, should differentiate between
short term objectives achievable within evaluation time-scale and longer
term improvement initiatives.

If a tool can be used for self assessment, it will be easier to assess the
current status and to determine the areas which need to be improved.
Additionally, more people can be involved during this phase without much
substantial effort. Today, the tool is used in all projects and all change
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requests are handled through the tool following the defined process and
process performers found that tools provide a good overview are simple
to use and provide easy access to the process guides [84]. They found in
their case studies that the process guides continuously evolve and are
updated. Therefore, their availability in electronic form is essential in order
to enable efficient maintenance. Russ and McGregor [71] also suggested
that automation of process monitoring and evaluation will further free
team members to focus on the project's goal of producing quality
software.

m) Data collection and evaluation is integral in any SPI initiative. It can be
difficult for software practitioners to do this if an organization does not
have a special team to do this task. Use of tools for this purpose can
make the job of software practitioners easy in this case. Wangenheim et
al. [84] observed that a beneficial way of implementing a process can be
indirectly by adapting support tools or workflow management tools to the
process definition, using the process guide itself as a basis for the
adaptation or development of such tool support and keeping it as an
additional source of information.

n) Sometimes origin of an SPI method is also important. A particular SPI
method originated in a particular country is tested in the software
development organizations of that country. Although, due to the
emergence of global standards in software development, organizations all
over the world are similar to each other in terms of platforms, technical
tools and other things they are using. Still cultural factors play an
important role, and one SPlI initiative which was tested successfully in one
country may not get equal success in another country. This is also
supported by Biro et al. [11] that national culture affects the process
improvement methods. Additionally, people who developed a particular
SPI model may be available for help for the organizations situated in their
country. Important factors which influence the selection of the method for
software process improvement are geographical characteristics,
corporate culture and business objective of the organization [80].

These models for SMEs except ASPEC-MSC and iFLAP are based on
some existing methods like CMMI, SPICE, QFD, GQM etc. These
approaches are adapted and simplified either by incorporating a matrix (in
SPM model) or process guides (in ASPE-MSC) or action packages (in
MESOPYME) or gradual improvement using successively different
assessment methods (OWPL) so that they can be used by these
organizations.

One key point is that all methods consider business objectives of the
organization while making the SPI plan. Moreover, these methods are flexible
enough that although methods for identifying and prioritizing areas of
improvement are suggested organizations can also choose any other method.
Furthermore, organizations have the flexibility to select processes more
important to them for SPI plan. These methods not only detect what needs to
be improved but also provide the roadmap for how to improve it.
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In MESOPYME, there is a step specifically to obtain support of senior
management at the beginning of SPI initiative while in PRISMS and SPM
methods; management is involved in assessment step. In ASPE-MSC,
director(s) of the company are involved in specifying the scope and prioritize
candidate processes in SPI planning stage. In OWPL and iFLAP methods,
management is not involved specifically in any step but it is mentioned that
management support from the beginning is important for any successful SPI
initiative.

Software practitioners are involved from the beginning in all methods. They
take an active participation during self assessment. All practitioners’ views,
regarding which processes need to be improved, were taken into
consideration [55].

All methods are continuous in nature. As far as practitioner’'s knowledge
level is concerned, OWPL, ASPEC-MSC, iFLAP and MESOPYME do not
require much experience at assessment and SPI planning stages as most of
the work at these two stages is done by an external quality expert while SPM
model needs much knowledge and experience to assess current capabilities
of the process. PRISMS uses a web-based tool for the assessment stage.
Use of an external quality expert to carry out these two stages may be extra
burden for SME. Every model requires the practitioner’s knowledge level to be
considerably high to carry out SPI plan implementation stage. SMEs generally
do not have people dedicated for quality work alone. A person has many roles
in these organizations, for example people who are doing software
development are also responsible for SPI initiative. These individuals may or
may not have experience dealing with SPI initiative so it may not be easier for
them to use any of these models without the help of some external consultant
[56].

These SPlI models are specifically developed for SMEs as these
organizations do not have the resources and cannot bear the cost to
implement CMMI, SPICE etc [79]. In this context it is important to note some
outcomes. For instance, SPIRE results indicated that “of the small software
development units who applied to be involved in SPIRE, 27% dropped out.
The most common reasons given were resource or funding problems” [78].
Wieggers says [85], “the most common point of failure in SPI is lack of follow-
through into action planning and action plan implementation.” Also
performance of these activities is expensive- the yearly cost of improvement
is $245,000 [33], and time consuming — a full process improvement cycle
could take between 18 and 24 months [87]. Moreover, this is more difficult to
perform in SMEs because they do not have the resources to carry out
improvement implementation [14]. For these reasons, this SPI approach is
restricted to large organizations but Dyba [23] found that small organizations
can and do implement SPI elements as effectively as large organizations, and
in turn, achieve high organizational performance. Therefore, this indicates
that SPI can be used as a competitive advancement strategy for both small
and large software organizations. But whether a small or medium scale
organization can implement these methods without the help of some external
quality consultant is yet to be proven.
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Table 1. Comparison of various software process improvement models (OWPL, SPM Model, ASPE-MSC, PRISMS, iFLAP, MESOPYME)
for small and medium enterprises

SPI Models— |OWPL SPM Model ASPE-MSC PRISMS iFLAP MESOPYME

Criteria |

Based on SPICE QFD Many existing CMM and | Inductive CMM

approaches GQM method

Key Question |Where am |? What needs to | Where am 1? What | Where am 1? | Where am I? Where am 1?
What needs to  |be improved? |needs to be What needs to | What needs to | What needs to
be improved? How to improved? How to |be improved? |be improved? be improved?
How to improve? |improve? improve? How to How to improve? | How to improve?

improve?

What is new? |Three SPM (software | lterative- Adapting Applicable even |Emphasis on
assessment process Incremental CMM by if the SPI
methods (micro- | matrix) that approach for incorporating |organization implementation
evaluation, identifies assessment, business does not exhibit |step with the
OWPL practices identification and | objectives extensive help of action
evaluation, needed for implementation of |with the help |maturity. It can |packages
SPICE software SPI plan. of GQM be used to developed by
assessment) processes to paradigm assess and problem domain
can be used in|be improved. improve a experts.
succession  to single, many or
achieve process all process area
maturity. at a time.

Assessment |An Assessor Representative | A PE (process Assessors Assessors Assessors

Step (Quality expert) |s of the engineer) typically |(Quality (Quality experts) | (Quality experts)

Who Does it? |and a organization an external experts) and |and selected
representative of consultant and an |representative |representatives
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the organization.

Assistant PE
(representative
from the
organization).

s of the
organization.

of the
organization

Assessment
Step

How it
done?

is

An Assessor
interviews a
representative of
organization to
assess the
current
capability of the
organization.

Current
capabilities are
assessed by a
self-
assessment
questionnaire.
Other
information
(future
capabilities,
importance of
the software
process to the
business etc.)
is also
provided by
the
organization.

First assistant PE
is trained and then
diagnosis of
current capabilities
is done using an
assessment
method tailored for
small companies.

An awareness
and business
case
workshop is
conducted to
identify a road
map for
process
improvement
followed by a
series of
assessment
interviews
based on
modified
version of
CMM
assessment
questionnaire.
This  step
can be carried
out using a
web-based
self
assessment

First participants
from the
organization are
selected. Then
workshops are
carried out so
that assessors
can understand
the organization
and vice-versa.
Improvement
issues are
gathered from
the organization
through
interviews with
practitioners and
getting
information from
projects and
other process
documentation.

Strengths and
weaknesses of
the process with
respect to a
software
process model—
CMM (Capability
Maturity Model)
are identified.
From this
assessment,
processes
(usually 1 to 3)
to be improved
are selected.
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tool.
SPI Planning |Evaluator Evaluator A PE (process Assessors Assessors Assessors
Who Does it? |(experts of engineer) typically |(Quality (Quality experts) | (Quality experts)
quality) an external experts) and selected and a SEPG
consultant and an representatives | (Software
Assistant PE of the Engineering
(representative organization Process Group)
from the formed within
organization) the organization.
SPI Planning |Information First prioritized | Prioritized list of KPAs for The Action package
How it is | collected list of candidate improvement |improvement for each process
done? through processes for |processes is made |are identified |issues gathered |area consisting
interview is software according to the based on through of action plan,
evaluated and a |process diagnosis, information interviews are infrastructure
list of improvement | business collected in triangulated needed,
actions/recomm |according to objectives and the against project |techniques,
endations are the business |improvement assessment |and process tools, metrics
prioritized with | objectives and |goals. Later these |phase (current|documentation |etc., is revised
respect to the other factors processes are capabilities, for confirmation. |according to the
organization’s are made. defined in form of |business Then, business goals

context and goal

Then a ranked
list of actions
is made with
the help of
SPM to
improve above
mentioned
processes.

a process guide.

goals given by
the
management
and after
consultation
with
developers).
Later process
improvement

workshops are
conducted to
identify
prioritized small
improvement
packages based
on the need of
the organization,

practical

and assessment
results.

Training is
provided to
SEPG group
about the action
packages
related with the
processes to be
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plan, restrictions and |improved. Pilot
consisting of | cost of projects are
prioritized list |implementation. |selected.

of KPAs, is

made.

Implementati |A team, consists | Practitioners | A PE (process Practitioners | Selected SEPG group

on of SPI plan | of people from | within the engineer), an from the representatives |formed within

Who Does it? |the organization |organization Assistant PE and |organizations |of the the organization
with roles and other organization
responsibilities, representatives
carry out this from the
phase. organization

Implementati |Actions/recomm |List of actions |SPI plan, Process Representatives | Action packages

on of SPI plan |endations from |made for SPI | consisting of improvement |from the related with the

How it is previous phases |in the previous |prioritized list of plan is organization are |processes to be

done? are implemented | phase are candidate implemented. |selected for this |improved are

implemented. |processes to be phase. Solutions |implemented in
improved, is related with an | some pilot
implemented with improvement projects. Finally
the help of issue are improvement is
candidate implemented by |institutionalized.
processes’ practitioners.
process guide and
evaluated
continuously.

Flexibility Flexible. One Flexible. Flexible. Methods |Flexible. Flexible. Flexible. Can be
particular Company is for assessing Methods to Improvement tailored to the
process area not required to |current capabilities |identify and issues gathered |specific need of
can be include all and to prioritize prioritize from the an organization.
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evaluated at a factors of processes are KPAs for assessment
time. Three measurement |suggested but improvement |phase can be
assessment for overall organization can | are suggested |implemented in
methods can be |importance of |use other methods |but an order suitable
used in software also. Only organizations |to the
succession. processes. processes can use other |organization’s
Only important for the | methods also. | needs, available
processes company need to resources etc.
important for | be considered for
company are |improvement.
considered for
improvement.
Continuous/ |Continuous Continuous Continuous Continuous Continuous Continuous
Stage
Commitment |Yes Yes, Yes, director(s) of |Yes, a top Yes Support of
from higher Management |the company are |level manager senior
Management provides involved to specify |is involved in management is
important data |the scope and the obtained at the
during the priorities candidate | assessment beginning of SPI
assessment processes in SPl |stage. initiative.
stage. planning stage.
Involvement |Yes Yes, They give |Only one person |Yes, They Yes Not mentioned.
of software information (process engineer |give Itis not clear
development about or assistant PE) is |information that who decides
team processes involved during about which which process
members which need to |assessment. processes needs to be
from the very be improved. |Others are needs to be improved. They
beginning involved during improved. are involved
implementation. during
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implementation.

Practitioner’s |Needs Needs Needs Needs Needs Doesn’t need
knowledge considerable considerable |considerable considerable |considerable much
level experience to|experience to | experience to experience to |experience experience as
implement SPI|assess current |assess current assess action packages
plan. capabilities capabilities, SPI current are developed
and planned planning and process, by domain
future implementation. If |identify KPAs experts
performance of |the organization |for according to the
a software lacks required improvement. organizations’
process and expertise, an Also, business goals
importance of |external expert development and current
the process to |(PE)is used with |and capabilities.
the company |an employee implementatio
acting as an n of process
assistant to enable |improvement
knowledge plan requires
transfer. experienced
person.
Roles, Assessors Only quality Roles, The only role |Practitioners are | Roles and
responsibiliti |interview assurance competencies and |is process selected and responsibilities
es and selected engineer is responsibilities improvement |their roles and are established
training practitioners to  |responsible for |related to each champion who | responsibilities | for every
assess the SPI. Other activity are defined |is responsible |are identified improvement
organizations roles are not |and an assistant | for before initiating |initiative. Special
and then make |mentioned. process engineer |implementatio |each step. training is given

prioritized list of
actions/recomm
endations. For

is given training, if
required.

n of
improvement
actions. Other

Workshops are
conducted to
give assessors

before
implementation.
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the
implementation
phase, a team
consisting of
people from the
organization
itself is selected
with defined
roles and
responsibilities.

roles are not
mentioned.

(quality expert)
information
about
organization and
vice-versa.

Tool for self

Not mentioned

Not mentioned

Not mentioned

Yes, based on

Not mentioned

Not mentioned

assessment a modified
and
customizable
version of
questionnaire.
Automated Not mentioned |Not mentioned |Not mentioned for |Can be done|Not mentioned |Not mentioned
data data collection. if organization for data
collection for Tool support for is ready to collection. Tool
measurement process selected |devote support for
and for improvement. | resources. process
evaluation selected for
improvement.
Outcome A prioritized list |Ranked list of |Process guide for |Process Prioritized small |Action package
of actions for processes improvement |improvement containing action
actions/recomm |software selected for plan and later |packages based |plan,
endations with | process improvement that |revised on need of the |infrastructure
respect to the improvement. |contains entry/exit |process organization, needed,
organization’s criteria, techniques | model after practical techniques,
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context and goal

and tools to use,
examples,
required
infrastructure,
checklists etc.

implementatio
n of process
improvement
plan.

restrictions and
cost of
implementation.

tools, metrics
etc. according to
the business
goals and
assessment
results for each
process area.

Constraints

Assessors
(quality experts)

Measuring the
importance of

Considerable
experience is

Considerable
experience is

Assessors
(quality experts)

Needs
assistance of

are needed to software needed for needed to are needed to domain expert to
gather processes process identify select develop action
information needs assessment, current practitioners packages
about current considerable |process process from the according to the
situation, experience. prioritization and | model and organization, organizations’
analyzing the development of process gather business goals
collected process guides. improvement |information and current
information and plan. about current capabilities.
making a situation ,
prioritized list of identifying
actions/recomm improvement
endations with issues and
respect to the making
organization’s prioritized small
context and goal improvement

packages

Origin Belgium Ireland Brazil Britain Sweden Spain
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5. Conclusion

In this paper, we have analyzed six significant and recent SPI methodologies
for SMEs and also presented and discussed their significant characteristics
from comparative perspective. Each method has its advantages and
limitations. Enterprises should choose the particular process methodology
with reference to their business goals, models, characteristics and resource
limitations. These methodologies can be tailored and customized according to
the specific organizational environment. A limitation of our study is that
numerical experimentation could not be included as empirical data is
available in only very few case studies related to SPIs in SMEs. Further,
some additional attributes for comparison may come up due to new software
process improvement and assessment models in future.

Future work in this regard is suggested to perform comparative case
studies and empirical validation in real software development environment
which can provide fresh insights. It would be interesting to study the impact,
efforts and comparison of these approaches on SPI in SMEs. Dyba [23] also
supported that future studies should focus on the specific needs of small
software organizations in more depth; for example, through longitudinal,
multiple case studies. Further research should be related to the study of new
and improved measures of SPl success, comparison of measurement
instruments, and validation of SPI success measures [23]. These further
experiences will move towards tailoring software engineering methods and
improvement strategies [23].
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