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Ayudando a las organizaciones a dirigir su esfuerzo hacia la implementación de mejoras en sus procesos 
software
Mirna Ariadna Muñoz-Mata*, Jezreel Mejia-Miranda, Claudia Valtierra-Alvarado

Centro de Investigación en Matemáticas A. C. (CIMAT). Unidad Zacatecas, Av. Universidad 222. C. P. 98068. Zacatecas, México.

ABSTRACT: Due to the importance of Software Development Small and Medium Enterprises 
(SMEs) in the software industry, it is necessary to guarantee the quality of their products. In 
this context, the implementation of software process improvements offers an attractive way 
to achieve it. Unfortunately, the lack of knowledge on how to address the improvement effort 
makes the implementation of software improvements in SMEs a path full of obstacles, and 
most of the times impossible to achieve. In order to help SMEs addressing their improvement 
efforts, this paper aims to present a framework which allows addressing their improvement 
effort based on the identifi cation of their main problems. Moreover, the framework provides 
a starting point regarding the model, standard or agile methodology to be used as reference 
based on the SME current needs, features and work culture. Finally, a case study showing 
the implementation of the framework in four SMEs of Zacatecas region is included. 

RESUMEN: Debido a la importancia de las pequeñas y medianas empresas (pymes) de 
desarrollo de software para la industria del software, es importante garantizar la calidad 
de sus productos, para lo cual la mejora de sus procesos ofrece un camino atractivo para 
lograrlo. Desafortunadamente, la falta de conocimientos que existe en las pymes sobre 
cómo o dónde dirigir su esfuerzo de mejora hace que la implementación de mejoras sea un 
camino lleno de obstáculos, la mayoría de veces imposible de lograr. Este artículo presenta 
un marco de trabajo cuyo objetivo es ayudar a las pymes a encontrar un punto de inicio para 
dirigir sus esfuerzos de mejora, basado en la identifi cación de sus problemas principales. 
Además, el marco de trabajo proporciona una guía para iniciar la implementación de la 
mejora (punto de inicio), referente a los modelos, estándares y/o metodologías ágiles que 
pueden ser usados como referencia, basada en sus necesidades, características y cultura 
de trabajo. Finalmente, el artículo incluye un caso de estudio en el que se muestran los 
resultados de la implementación del marco de trabajo en cuatro pymes de la región de 
Zacatecas.

1. Introduction
Nowadays, software development SMEs are considered a 
key element in the consolidation of software industry [1-3]. 
In México, software development SMEs represents the 87% 
of the total of the software development industry [1,4]. This 
fact highlights the importance of guaranteeing the quality 
of their software products. 

In this context, improving their software process provides 
a key opportunity for SMEs to become more effi cient 

and effective, based on the affi rmation that the quality of 
software products is directly related with the quality of the 
processes used for its development [5]. Then, the correct 
implementation of process improvements becomes an 
important challenge to be focused on, in order to have 
success in the process improvement.

Unfortunately, SMEs suffer a lack of knowledge regarding 
the use of formal processes as well as the use of process 
models or standards, what becomes a key problem to them 
[6]. As a result, even when they are motivated to implement 
improvements in their software process, most of the times 
they are unsure of “where to start”.  

The goal of this paper is to show a framework focused on 
providing “a starting point” in order to minimize the problem 
above mentioned. The starting point is obtained based on the 
current SMEs issues and provides the information regarding 
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•	 Assessing processes (those used to assess their 
processes): Software Process Improvement and 
Capability Determination, SPICE (67%); Observatoire 
Wallon des Practiques Logicielles, OWPL (17%); and 
Express Process Appraisal, EPA (16%).

•	 Improving processes (those used as a reference to 
implement improvements): Capability Maturity Model 
Integration, CMMI (25%); SPICE (25%); MesoPyme 
(19%); Moprosoft and IDEAL (13%), Team Software 
Process, TSP and International Organization for 
Standardization, ISO 9001:2000 (6%).

•	 Software lifecycle (those used as a reference to 
develop software): ISO 12207 (66%); Rational Unified 
Process, RUP (26%); and ISO 29110 (8%).

•	 SMEs process models (those specific to SMEs used as 
a reference to implement improvements): MesoPyme 
and Melhoria de Processos do Software, MPS (43%); 
Moprosoft (29%); and ISO 29110 (14%). 

•	 Agile methodologies (those used to manage software 
development projects): Scrum (71%); and Extreme 
Programing, XP (29%).

2.2. Processes Focused to 
Implement Improvements
According to the SLR performed by the authors of this paper 
in [7] and the analysis of the state of practice at Zacatecas 
Region [8], the set of processes most focused by SMEs to 
implement process improvements and their percentage of 
implementation are: 

•	 Processes focused on project management (those which 
address the activities related to the management of a 
project such as planning, monitoring and controlling 
the project parameters, so that, corrective actions 
can be taken): project planning (27%); requirements 
management (19%); risk management (12%); and 
project monitoring and control (5%).

•	 Processes focused on engineering (those which 
address the activities related to software development 
and maintenance): verification and validation (8%); 
requirements development (7%).

•	 Processes focused on support (those which address the 
activities related to support the product development 
and maintenance): configuration management (16%); 
process and product quality assurance (6%).

the model, standard or agile methodology to be focused on, 
and the process and practices to be implemented in the 
organization to reduce the current problems. This way, it 
is possible to provide the SME with both, the knowledge 
to start an improvement implementation and the way to 
address its improvement effort. 

This paper is structured as follows: after the introduction, 
section two shows an overview of the current state of 
implementing software process improvements in SMEs; 
section three shows the SMEs features, limitation and 
identified challenges toward the implementation of process 
improvements; section four introduces the proposed 
framework; section five presents a case study carried out 
to show the implementation of the framework in four SMEs 
of the region of Zacatecas, México, and finally, section six 
shows conclusions and future work.

2. Current state of 
the implementation 
of software process 
improvements in SMEs
This section shows the main results obtained from 
performing, on one hand, a Systematic Literature 
Review (SLR) carried out to get the current state of 
the implementation of process improvements is SMEs 
worldwide. To achieve it, the SLR was focused on finding 
information regarding models, standards and agile 
methodologies and focused processes.

On the other hand, an analysis of the state of the practice 
carried out at a set of SMEs from Zacatecas Region to 
reinforce the results obtained with the SLR.

The performance of the SLR and the analysis of the state of 
practice are out of the scope of this paper; then, information 
in depth of the SLR developed and execution is shown in [7]. 
Besides, information in the depth of the analysis of the state 
of practice at Zacatecas Region is shown in [8].

Next sections show the main results obtained from the SLR 
and the analysis of the state of practice at Zacatecas Region 
focused on: models, standards and agile methodologies 
and focused processes to implement improvements. It 
is important to mention that the obtained results show a 
worldwide overview of the state of process improvement in 
SMEs.  

2.1. Models, Standards and 
Agile Methodologies
According to the SLR performed by the authors of this 
paper in [7] and the analysis of the state of practice at 
Zacatecas Region [8], the set of models, standards and agile 
methodologies most commonly implemented by SMEs and 
their percentage of implementation are:
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4.	 Financial Resources: this context fact has been 
added because according to the results obtained 
in [8], most of the SMEs have a high dependence of 
external economical support to implement software 
process improvements. This context fact aims to 
describe the economical resources that SME has to 
implement activities related to the implementation 
of software process improvements. (a) Features: any 
or very little budget for the investment to implement 
software process improvements; implementing and 
providing software process improvements results 
represents a high economical investment. (b) 
Limitation: most of them depend on external support 
to implement software process improvements. 
(c) Detected challenge: it has been identified the 
need of providing support to the SMEs so that the 
improvement effort can be addressed in a correct 
way. In this way, the limited investment regarding the 
implementation of software process improvement 
can be maximized. 

5.	 Projects: this context fact has been added because 
according to the results obtained in [8], most of the 
SMEs have short projects. This context fact aims 
to describe the type of projects that SMEs usually 
perform in order to develop or maintain software 
of services required by a customer. (a) Features: 
they work with very small projects; the projects are 
developed in a short period of time. (b) Limitations: 
lack of time and budget. (c) Detected challenge: it 
has been identified the need of providing support 
to the SMEs so that the improvement effort can be 
addressed in a correct way. In this way, the limited 
time regarding the implementation of software 
process improvement can be maximized.

6.	 Models and standards: this context fact has been 
added because one of the most common problems 
in the implementation of software process 
improvements is related to the wrong selection of 
an appropriated model or standard to be used as a 
reference. Then, this context fact aims to describe 
the experience in the use of any model, standard 
or methodology. (a) Features: any or minimal 
experience in the adoption and implementation 
of software process improvements models and 
standards. (b) Limitations: lack or minimal support 
in the implementation of models and standards. 
(c) Detected challenge: it has been identified the 
need of providing information and support to the 
SMEs in the selection of a correct model, standard 
or agile methodology regarding the SME current 
environment and situation, so that the SME can 
choose an adequate reference model/standard or 
agile methodology according to its specific needs.

After reviewing the six identified challenges related to 
the context facts, it was confirmed that the main issue, 
which SMEs must face in the implementation of process 
improvements, is the lack of guide regarding of how to start 
the implementation of software process improvements. 

3. SMEs features, limitation 
and challenges regarding 
the implementation of 
process improvements
This section provides an analysis of SMEs regarding 
their features and limitations toward the implementation 
of process improvements in order to identify the set of 
challenges. To achieve it, the context facts presented in 
[9, 10] were taken as a reference, so that, the facts were 
analyzed and we selected those that allow us to analyze the 
context of SMEs regarding the implementation of process 
improvements. Besides, the results of the SLR performed 
by the authors [7, 8, 11] have been taken into account.

1.	 Organization: this context fact aims to describe 
the SMEs structure in which the others facts are 
embedded. (a) Features: flat structure; use of agile 
practices instead of the adoption of a specific 
model or standard; high innovation and adoption of 
practices, agile adoption of change. (b) Limitations: 
high dependency with immature customers; short 
delivery time. (c) Detected challenge: it has been 
identified the need of providing a software tool that 
allows SMEs to reduce the learning curve regarding 
models and standards as well as the implementation 
time and to provide the benefits involved in the 
implementation of software process improvements.

2.	 People: this context fact aims to describe the human 
factor that has a major impact on the success of 
software process implementation. (a) Features: the 
number of employees is usually minimal performing 
several functions and activities; the employees do 
not have a process culture. (b) Limitations: there 
is a lack of role definition and a lack of employees 
with knowledge of how to implement process 
improvements. (c) Detected challenge: it has been 
identified the need of guidance on how to implement 
improvement initiatives to the managers, so that, 
employees’ effort can be addressed in a correct way.

3.	 Processes: this context fact aims to describe the 
workflow of software and services development and 
maintenance. (a) Features: software is developed as 
a craft because they do not have defined processes; 
processes definition or processes improvement are 
implemented because is a customer’s requirement. 
(b) Limitations: lack of knowledge of the importance 
between development processes and product 
quality; lack of processes culture; lack of initiatives 
to implement software process improvements; 
and lack of experience in the implementation of 
SPI. (c) Detected challenge: it has been identified 
the need of providing a software tool that supports 
SMEs providing information regarding the activities 
related to process improvement implementation.
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The framework is based on process patterns because they 
are reusable building blocks that organizations tailor and 
implement to achieve mature software processes [12]. 

Using process patterns allows identifying the current 
SME context and situation and select a pattern that better 
ties with them. Then, based on the selected pattern, the 
framework provides information that sets starting point 
which helps SME to address its improvement effort. 

The framework has three elements which are briefl y 
described in the next sections: (a) a set of process patterns; 
(b) a method to select an adequate process pattern and (c) 
a software tool that automatizes the use of both of them.

4.1. Process Patterns
The set of processes patterns was defi ned taking as a 
base the patterns elements defi ned by [13, 14]. Then, the 
elements such as name, context, force, solution and results 
were adapted for this research needs as Figure 1 shows. 

Based on the detected issue, this paper proposed a 
framework that provides SMEs with a “starting point” 
according to their current problems in order to guide them 
addressing their improvement efforts. In this way, the 
limited time, budget and effort dedicated to implement 
software process improvements can be maximized.

4. Proposed Framework
To provide solution to the current problem that SMEs face 
in the implementation of software process improvement, 
a framework was developed. The framework aims to 
guide SMEs in the identifi cation of their main problems 
so that a “starting point” to be used as guide toward the 
implementation of the software process improvement can 
be set. 

The framework core is a set of process patterns that are 
focused on the main features and problems that SMEs face 
in the implementation of software process improvements. 

Figure 1  Process patterns elements and their relations.

Table 1   Contexts and Patterns Obtained
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(forces column); fi nally, a list of the model, standard of agile 
methodology, and the process to be focused to provide a 
solution to the problem is presented (solution column).

4.2. Method to Select an 
Adequate Process Pattern
The method to select process patterns guides and supports 
SMEs in the identifi cation of an adequate process pattern 
according to their current problems throughout three steps 
that are showed in Figure 2 and is next briefl y described:

(a) Identifying: this step analyzes the SME’s current 
environment and situation so that it can be characterized 
with the process patterns contexts and problems. To achieve 
it, a questionnaire was developed. The questionnaire 
refl ects the forces of the defi ned process patterns and is 

The fi gure shows both the elements defi nition and their 
relations.

Following the steps and relations showed in Figure 1, we 
obtained a total of three different contexts that refl ect the 
SMEs features, and eleven patterns associated with the 
specifi c problems SMEs have. Table 1 shows the relation 
between the context and patterns. 

Next, to give an example of a complete process pattern 
defi nition, Table 2 shows the process pattern “Delay in 
product delivery”. As the table shows, this pattern has 
three specifi c problems: Software delivered out of time 
or not performed; Software delivered without minimal 
functions and Extra Resources for future Maintenance 
(problems column). Each problem has a set of associated 
questions that help to identify the problem that the SME has 

Table 2  Example of the defined process pattern: “Delay in product delivery” 
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(c) Providing a Guide: this step shows the starting point set 
to guide SMEs to address their improvement effort toward 
the implementation of a software process improvements, 
so that, it gives the knowledge of “where to start”. The 
guide contains the following information: (1) the detected 
problems and their priority; (2) a list of models, standards 
and agile methodology according to the organizational 
work culture and its current environment, situation and 
problems; and (3) the processes and the set of practices 
that are recommended to implement in order to reduce or 
eliminate the detected problems.

4.3. Software Tool
A web tool was developed in order to support the definition 
of new process patterns (section 4.1) and the use of the 
method to select the adequate pattern (section 4.2). 
The tool has the following modules and it is available at: 
http://104.236.122.72/

a) Tool management: this module allows adding new 
patterns and SMEs (see Figure 3a).

b) Current organizational context: this module identifies the 
main features of the SME toward the implementation 

based on formal software engineering practices related to 
four processes: (1) project planning, (2) project monitoring 
and control, (3) confi guration management and (4) product 
and process quality assurance, which are processes focused 
by SMEs on the implementation of process improvements 
(see section 2.2).

(b) Selecting: this step analyzes the questionnaire answers 
so that the current SME problems are detected and 
prioritized. To achieve it, each question, which is related 
with a process pattern’ force, has assigned a value in the 
range of 20% to 100% where: 20% means never occurs; 40% 
means rarely occurs, 60% means sometimes occurs; 80% 
means usually occurs; and 100% means always occurs. 

Then, the total percentage is calculated by adding all forces 
related with the same problem. In this way, it is possible 
to identify the prioritized problem, so that, an adequate 
pattern can be selected. The next scale is used: <30%: 
high, the problem lies in the SME representing a big problem; 
≥ 30% < 70%: medium, the problem lies moderately in the 
SME and; ≥ 70%≤ 100%: low, the problem lies in the SME but 
it does not seriously affects it. Finally, the pattern with the 
lowest percentage is the one that best ties with the current 
situation and problems.

Figure 2  Method to select process patterns

(a)
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(b)

(c)

(d)

Figure 3  (a) Tool management module, (b) Current organizational context module, (c) Current 
organizational situation module, (d) Guide module
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a)    Case study implementation environment: the SMEs that 
participated in the case study were four SMEs as 
follows: (SME1) is an organization that belongs to an 
educational institution dedicated to the development of 
software for the institution. Currently, it has a staff of 4 
employees including developers and students; (SME2) 
is an organization dedicated to software development, 
web development, support and marketing. Currently, 
it has a staff of 5 employees, including developers 
and marketing; (SME3) is an organization dedicated 
to IT consulting, marketing, digital devices and 
web development. Currently, it has a staff of 37 
employees, including developers, graphical designers, 
maintenance engineers and managers; and (SME4) 
is an organization dedicated to high quality software 
development. Currently, it has a staff of 125 employees 
including developers, mangers and support and 
maintenance engineers.

b)  Case study execution and data collection: the steps 
followed to perform the case study in each SME were 
as follows: (1) a meeting was performed in which 
the case study goal was explained to the SME’s 
designed person, all doubts were clarified and the 
software tool was presented; (2) the designed person 
registers a new user and inputs the data related to the 
organizational current environment and answered the 
four questionnaires focused on detecting the current 
situation identifying and prioritizing their problems; 
(3) the designed person analyzed the results provided 
by the software tool regarding the identified problems 
and the provided guide; and (5) the designed person 
answered a survey focused on collecting information 
about the guide provided by the framework and the 
software tool performance. 

of a software process improvement, such as: number 
of employees, domain sector and its experience using 
any standard, model or agile methodology (see Figure 
3b).

c) Current organizational situation: this module provides 
the set of four questionnaires focused on identifying 
the specific problems in SME. Then, the tool analyzes 
the questionnaires answers, so that, an adequate 
process pattern, which best ties with the current SME 
environment and situation, is selected (see Figure 3c). 

d) Providing a Guide: this module shows the information 
regarding the improvement “starting point”, containing 
the following information: (a) it provides a list of the 
detected problems and their priority (it uses red, 
yellow or green colors depending on the impact of the 
problem in the SME); and (b) it includes the models 
(CMMI or Moprosoft), standard (ISO 15504) or agile 
methodology (SCRUM) and the processes to be focused 
on, and the set of related best practices that will help 
the SME to reduce or eliminate the identified problems 
(see Figure 3d).

5. Case Study
This section shows the case study performed to validate 
the viability of the proposed framework by applying the 
tool in four SMEs at Zacatecas-Region of México. The 
case study in composed of four subsections: section (a) 
provides information of the SMEs that uses the software 
tool; section (b) provides information of how the case study 
was performed and the data collected; section (c) provides 
information of the obtained results; and fi nally (d) provides 
the results of a survey that was answered by the SMEs to 
evaluate the proposed framework.

(a)
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(b)

(c)

(d)

Figure 4  (a) SME1 results, (b) SME2 results, (c) SME3 results and, (d) SME4 results
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to validate it. Then, the survey allows collecting 
information about the process patterns; the method 
to select the adequate process patterns; the 
provided guide and the developed software tool. 
Next, the analysis of the obtained results is shown:

• Defined patterns, patterns selection and provided guide: 
this analysis includes a set of questions focused on 
evaluating the perception of the SMEs regarding 
the identifi ed problems and the provided guide. As 
Figure 5 shows, the results confi rms that using the 
framework allow them to characterize their current 
situation (identify features, capture work culture); to 
detect their main problems (capture real problems), to 
know where to start (understandable, adequate guide, 
adequate starting point). All the answers are in the 
range of “excellent” and “good”.

• Software tool: this analysis includes a set of questions 
focused on evaluating the perception of the SMEs 
regarding the use of the software tool. As Figure 
6 shows the results confi rm that all organizations 

c)   Obtained Results: Figures 4a, 4b, 4c and 4d show the 
obtained results. Besides, the Table 3 shows a summary 
of the obtained results focusing on the percentage 
of coverage of each SME regarding the use of formal 
best practices of the four processes (second column); 
the detected problems (third column) and the provided 
guide (fourth column), which include information of 
the starting point according to the SME environment 
and current situation regarding the process, model 
and practices to be implement in order to reduce or 
eliminate the detected problems.

After analyzing the results, the four SMEs agree on that the 
results provided by the framework reflected the current 
situation and problems that the SME had. Besides, the 
provided guide was very useful providing the knowledge of 
where to start to address their improvement effort. 

d)   Framework Validation To validate the framework a 
survey was answered for each SME. The survey 
aimed to get information of the framework and 

Table 3  Summary of the SMEs Results 
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situation, environment and work culture. Besides, the 
limitations of time, budget and human resources they have 
regarding the implementation of process improvements. 
As a solution to these problems, this paper presents a 
framework that aims to guide SMEs in the identifi cation of 
their current situation, environment and problems, so that, 
a starting point could be set and an adequate guide can 
be provided. In this way, the SMEs enable the start of the 
implementation of software process improvements based 
on their real problems and using those practices that will 
help them to reduce those identifi ed problems, having early 
results and maximizing the limited resources because the 
improvement effort can be adequately addressed. 

consider that the user control (tool performance, easy 
navigation, portability, graphic interface) and fl exibility 
and effi ciency (handling easily, intuitive, tool usability) 
are in general good because their answers were in the 
range of “excellent” and “good”.  

6. Conclusions
The implementation of software process improvements 
in SMEs does not have the expected results because they 
have a lack of knowledge of where to start the process 
improvement, and they do not take into account the current 

Figure 5  Summary of questions focused on process patterns, patterns 
selection method and provided guide 

Figure 6  Summary of questions focused on the web tool
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The framework proposed in this paper offers a complete 
solution, because it provides the set of process patterns, 
which characterize the main features and problems that 
SMEs face in the implementation of process improvements; 
the method to select the process patterns according to the 
SME current situation, environment and problems; and the 
software tool that facilitates the use of both and provides in 
an understandable way the information that guides SMEs 
to address their improvement effort in a correct way. Next, 
the main framework features are listed: (a) Managing the 
organizational change in the improvement effort: it provides 
a set of practices that should be implemented to improve 
the processes based on the identified problems, helping 
the SME to address its improvement effort; (b) Not losing 
focus: it takes into account the current identified problems 
in the SME to select the pattern and set the starting point; 
(c) Knowing the culture and focusing on identified problems: it 
allows to capture the work culture and current problems; (d) 
Motivating all people involved: it guides the implementation 
of best practices that can reduce their current problems; 
(e) Focusing the improvement on experience: it provides a 
starting point taking into account their experience in the 
use of models, standards or agile methodologies; and (f) 
Creating learning organization: it provides a starting point 
according the way they work at the level of best practices, 
which are recognized as building blocks of organizational 
learning and are easily implemented.

Finally, the results of the case study showed that the 
framework provides a staring point that guides SMEs in 
the identification of their current situation, environment 
and problems. Moreover, it provides the information 
regarding the model, process and practices that should 
be implemented to reduce the problems. In this way, it is 
possible to address their improvement effort.
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