
INGENIERÍAS
USBMedπ https://revistas.usb.edu.co/index.php/ingUSBmed ARTÍCULO DE INVESTIGACIÓN

Integración de la teoría de la ingeniería de software y la
metodología de despliegue de función de calidad para apoyar
la medición del estado de progreso en proyectos software
Integration of the Software Engineering Theory and the Quality Function Deployment
Methodology for Supporting the Measurement of the State of Progress in Software Projects

Luis Fernando Castro Rojas1

Esperanza Espitia Peña2

1Universidad del Quindio, Colombia. Email: lufer@uniquindio.edu.co
2Universidad del Quindio, Colombia. Email: eespitia@uniquindio.edu.co

OPEN ACCESS

Copyright:
©2023. La revista Ingenierías USBmed
proporciona acceso abierto a todos sus
contenidos bajo los términos de la li-
cencia creative commons Atribución no
comercial SinDerivar 4.0 Internacional
(CC BY-NC-ND 4.0)

Tipo de artículo: Investigación.
Recibido: 01-08-2022.
Revisado: 13-10-2022.
Aprobado: 12-11-2022.
Doi: 10.21500/20275846.6039

Referenciar así:
L. F. Castro Rojas y E. Espitia Peña,
“Integración de la teoría de la inge-
niería de software y la metodología de
despliegue de función de calidad para
apoyar la medición del estado de pro-
greso en proyectos software ,” Inge-
nierías USBMed, vol. 14, n.◦ 1, pp.
48–56, 2023.

Disponibilidad de datos:
todos los datos relevantes están dentro
del artículo, así como los archivos de
soporte de información.

Conflicto de intereses:
los autores han declarado que no hay
conflicto de intereses.

Editor: Andrés Felipe Hernández.
Universidad de San Buenaventura,
Medellín, Colombia.

Resumen. Una práctica fundamental para cumplir los objetivos en un proyecto
software es medir su estado de progreso de tal forma que se puedan tomar
acciones correctivas a tiempo. La mayoría de los enfoques que apoyan los procesos
de medición se enfocan en describir técnicas para tratar dichas mediciones
desde la perspectiva de gestión de proyectos. Sin embargo, dichos enfoques
carecen de estrategias que faciliten una adecuada integración, entendimiento y
aplicación por parte de los profesionales en el área de desarrollo de software.
Además, la falta de rigor de dichas propuestas dificulta el establecimiento de
prácticas comunes y genera resultados poco confiables. Este artículo propor-
ciona un enfoque que satisface la necesidad de usar marcos estandarizados y
fácilmente adoptados con el propósito de apoyar la medición en el desarrollo
de software. Para logar esto se hace uso de elementos provistos por SEMAT y
QFD, generando una propuesta que incluye una representación estandarizada
y un método para analizar las necesidades de medición desde la perspectiva
del cliente. Para validar la confiabilidad de los hallazgos presentados en este
artículo, se realizó un mapeo de literatura y un estudio basado en entrevistas.
Como resultado, este artículo expone un marco para apoyar la medición del
estado de progreso de proyectos software y su importancia radica en la capaci-
dad de superar las debilidades, previamente mencionadas, integrando el punto
de vista de la gestión de proyectos y la fundamentación de la ingeniería de software.

Palabras Clave. Proyectos software, estado de progreso, calidad, SEMAT, QFD.

Abstract. A fundamental practice to fulfill the objectives in a software project,
is to measure its state of progress so that corrective actions can be taken timely.
Most of approaches supporting measurement processes are focused on describ-
ing techniques to deal with these measurements from a project management
perspective. However, these approaches lack of strategies that facilitate an
adequate integration, understanding and application by professionals in software
development area. In addition, the lack of rigor of such proposals hinders the
establishment of common practices and give rise to unreliable results. This paper
is aimed at providing an approach that satisfy the need of using frameworks stan-
dardized and easily adopted in order to support the measurement in the software
development. To do this, we use the elements provided by SEMAT (Software
Engineering Method and Theory) and the procedures established by QFD (Quality
Function Deployment) by generating a proposal which includes a representation
standardized and a method to analyze the needs of measurement from customer
perspective. Also, a mapping review and a study based on interviews intended
to assure the reliability of the findings exhibited in this paper were done. As a
result, this paper exposes a frame to support the measurement of the status of
progress in the development of software projects and its importance lies in the
capability to overcome the previously mentioned weaknesses by integrating the
project management point of view with the foundation of the software engineering.

Keywords. Software Projects, Progress Status, Quality, SEMAT, QFD.
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I. Introducción
Studies exhibit that the works focused on software en-
gineering measurement are oriented mainly towards
product measurements and in a lower proportion to-
wards the process executed to obtain said product. Mea-
surement of the product is much easier than the mea-
surement of the process and the latter serves to bet-
ter decision-making about possible changes in business
and operating model [1]. According to [2], the monitor-
ing and measurement of the processes are necessary to
know if the results are compliance with was planned,
including corrective measures. In this sense, the im-
provement actions require documentation and knowl-
edge of the performance of the processes by defining
a set of indicators that supply relevant information,
regarding the execution and results of one or several
processes in an adequate and representative manner.

Various practices that support the measurement of
different entities related to the area of software engi-
neering, have been proposed [3]. Both academics and
industry use these practices and empirical studies to
generate a variety of proposals aimed at supporting
the control of progress in the development of software
projects. However, most of these approaches lack theo-
retical foundations and a common ground that facil-
itates their implementation, integration, and under-
standing. Thus, the lack of rigor in most of these ap-
proaches encourages the need to introduce languages
that assist the stakeholders to compare, evaluate, ana-
lyze, simulate, adapt, and compose methods [4].

SEMAT (Software Engineering Method and The-
ory) supports the representation of modern practices
by providing a set of elements to systematically obtain
information from the engineering processes and control
the activities developed during the software engineering
process [5]–[7]. For example, stakeholder management,
requirements elicitation, and development of software
systems, among others. Such proposal, adopted by
the OMG (Object Management Group), was conceived
with the purpose of facing a wide variety of problems,
including the lack of theoretical bases, lack of consen-
sus, and fashion prevalence the field of software engi-
neering [4]. On the other hand, QFD (Quality Func-
tion Deployment) is a method that allows customers to
transform qualitative needs into quantitative character-
istics, facilitating the deployment of quality functions in
subsystems and component parts. Besides, provides a
quality framework which considers the assessment and
concepts that the client deems appropriate to achieve
the satisfaction of their needs, including a sequence of
steps and processes for this purpose [8]. QFD is focused
on the integration of each of the management processes
and the responsibility of each of the stakeholders, ob-
taining a quality management in all the phases and pro-

cesses that are involved in the development of a product,
including software development [9].

This paper is aimed at providing an approach that
satisfy the need of using frameworks standardized and
easily adopted to support the measurement in the soft-
ware development. Particularly, this work is targeted
to take advantage of the benefits of QFD to structure a
set of indicators for supporting the control of progress
in the development of software projects and mainly.
These indicators were selected from a literature review
and a survey applied to several representative compa-
nies related to software development. Then, these in-
dicators are used as input to populate the matrices
that make up the QFD quality house. In the same
way, we intended to use the capacity provided by the
kernel of the essence of SEMAT to supports the repre-
sentation and theoretical foundation of the developing
of software projects. In this sense, an extension to
such kernel, related to the measurement of progress,
is proposed, and described. This extension is based
on the specification provided by QFD, which will be
integrated into the framework described by SEMAT.

II. Materials and methods
According to [10], a methodological framework refers
to the set of methodological elements, which are re-
quired to plan the way in which the development of the
research will proceed. Based on the methodological as-
pects described by [11], a methodological approach for
the development of this work is established by follow-
ing the steps illustrated in Figure 1.

Figure 1. Steps of the proposed methodology.
Source: the authors based on [11]

Knowledge. In this step, a rigorous search, collec-
tion and synthesis of information about SEMAT and
QFD was carried out in order to characterize such
frameworks and to demonstrate their application in
both the academic and business field aimed at sup-
porting the progress measurement in the development
of software projects.
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Design & elaboration. According to [12], the re-
search design is defined as a general strategy assumed
by the researcher to respond to the problem posed. Be-
sides, the design also involves the decisions that are
made regarding data collection [13]. In this way, it
is necessary to indicate the methodological aspects re-
lated to the population and sample that will serve as
base in the collection of information.

According to [13], the population and sample es-
tablishes the study units as the set of beings that have
the characteristic or event to be studied and that are
framed in the inclusion criteria that make up the pop-
ulation. In this case, the population refers to those
actors who play professional roles in software develop-
ment, which are related to processes of measuring the
state of progress in the development of their software
projects and who work in companies dedicated to de-
velop software with national coverage.

Once the population is identified, a representative
sample is taken to carry out a survey where the respon-
dents were selected based on their willingness to collab-
orate, the type of experience, attitude, and necessary
knowledge, which resulted in obtaining the maximum
benefit from the information collected. A set composed
by 11 companies in the software sector was selected.
Thus, a technique known as convenience sampling was
carried out, which consists of selecting the available
cases to which there is access [14]. The selection of the
sample was made considering the national and even in-
ternational coverage of the software projects that are
developed by said companies [15]. Data collection tech-
niques were based on direct observation and documen-
tary review supported by instruments such as files, bib-
liographic reviews, and surveys. The operationalization
of the objectives included the establishment of relations
between specific objectives and research variables. Ac-
cording to [13], this operationalization process allows
the researcher to identify those perceptible aspects of
an event that make it possible the recognition of its pres-
ence or intensity. For this purpose, tools and resources
provided by SEMAT and QFD facilitate the aforemen-
tioned operationalization in a clear and precise manner.

Assessment. The assessment of the results of the
project was made through a laboratory study intended
to validate the answers given by the respondents. This
validation was based on the integration of the elements of
SEMAT kernel to represent the practice used in the pro-
cess of measuring the progress status of software projects
and the application of the QFD methodology to config-
ure the quality house matrix whose purpose is addressed
to identify and analyze the answers given in the survey.

Conclusions & recommendations. In this step, the
results obtained and the findings related to measure the
state of progress in the development of software projects
are presented. In this case, these conclusions and rec-

ommendations were based on the characterization of
the elements provided by SEMAT kernel and integra-
tion of QFD to ensure quality in the processes related
to the measurement of the state of progress in the de-
velopment of projects. Thus, some recommendations
are made by providing a diagnosis of the impact of this
proposal in relation to the measurement of the state of
progress in the development of software projects.

Documentation. The documentation of a research
allows the researches to maintain evidence of the activ-
ities carried out and achieve their reproducibility, as
well as to support the results obtained.

Research presentation. The results in concordance
with the objectives of the research are presented. This
presentation is intended to demonstrate the degree of im-
pact and importance that this proposal provides regard-
ing to measure the progress status in software projects.

Essence kernel promoted by SEMAT includes a set
of elements that are universal to all software engineer-
ing efforts. Through the states defined by its elements,
Essence kernel [7] provides a novel and effective instru-
ment for reasoning about the progress and health of soft-
ware development efforts in a method independent man-
ner [5], [6]. The growing number of software projects
requires the development of methods that guarantee
quality assurance and effective management. Tradition-
ally, proposals to guide changes in project management
are based on approaches such as: waterfall model, incre-
mental spiral model, prototype, and rapid application
development, among others. In addition, it can be used
to increase customer satisfaction by incorporating the
voice of the stakeholder in the software development
process. Potential defects correspond to the sum of
errors found in requirements, design, coding, user doc-
uments, and bad corrections. So, the use of QFD to
support defect prevention is recommended [16].

In this case we propose a setting of SEMAT accord-
ing to the specifications required in this study. The
elements of SEMAT included in this study are shown
in Table 1.

Additionally, QFD is used as a method for develop-
ing quality designs to satisfy customer needs by translat-
ing consumer desires into key design and quality assur-
ance targets [17]. Voice of Customer (Customer Needs)
as input data and information can be obtained from the
results of a customer survey conducted. In this case,
we use QFD in order to support the identification and
analysis of the measures and measure units that were
identified by using the mapping review and the surveys
practiced to the respondents. The basic steps included
by QFD are related to the determination of stakeholder
requirements, engineering characteristics, matrix of re-
lationships, roof of the quality house, and target values.
However, considering the scope of our research project,
we selected the following steps of QFD:
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Table 1. SEMAT elements
Notation Name

Practice

Alpha

Activity space

Activity

Work product

Competency

Source: [7]

A. Determine stakeholder requirements
Different leaders of companies dedicated to develop
software projects were selected as stakeholders who rep-
resented the voice of the stakeholder.
B. Determine engineering characteristics
These characteristics correspond to the technical spec-
ifications that form the section called “HOW” of the
House of Quality described by QFD.
C. Determine matrix of relationships
Based on the information that was registered in the
“WHAT” and the “HOW” sections of the House of
Quality, the relationships between them are established.

III. Results
SEMAT was used to represent the practice associated
with the measurement process of the progress status
in software projects. To do this, SEMAT defines three
areas of interest involved in the development of a soft-
ware project: Stakeholder, Solution, and Effort. Once
these areas were analyzed, it was established that this
research work is based on the area of interest known as
Effort. According to [7], this area of interest contains
everything that has relation with the team and the way
they approach their work. In addition, such area con-
siders those practices aimed at planning, guiding, and
monitoring team efforts. In this way, we propose a new
practice called “Measure progress status” for support-
ing the characterization of a specific set of activities
and its respective work products. Figure 2 illustrates
the representation of this practice with its respective
work products. By the other hand, the description of
the method to apply QFD in the context of the mea-
surement of the state of progress in the development
of software projects is presented. It is important to
clarify that the definition of the concepts of measure
and measurement are conform to the ISO/IEC/IEEE
15939:2017 standard.

Figure 2. Practice “Measure progress status”
Source: The authors

In Figure 2, an activity called “Provide measures
to show progress and speed” is proposed. This activ-
ity is crucial since it involves the essential measures
to measure the state of progress in the development
of software projects. Therefore, an association with a
space activity “Integrate QFD into the measurement
process” is established. Thus, QFD is used to support
the process by grouping a set of key activities. Such ac-
tivity space is connected to a set of activities, and these
activities are linked to their corresponding competen-
cies. Then, such activities are linked to work products,
as illustrated in Figure 3 and Figure 4.

In order to demonstrate the applicability of our pro-
posal, in this section the first three activities related
to “Integrate QFD into the measurement process” are
executed:
A. Determine stakeholder requirements
Such activity consists of selecting the necessary mea-
sures to satisfy the measurement process of the state
of progress. Consequently, these measures correspond
to the requirements or needs of the stakeholder. These
needs arise in a first phase, from a literature review
that allowed identifying some common characteristics
considered essential to measure the progress of a soft-
ware project. Based on this information a survey was
designed which was applied to the stakeholders selected.
In such survey, we asking to stakeholders for their opin-
ion on the measures that they consider relevant to mea-
sure the state of progress of software projects. The
response options for the respondents corresponded to
the various alternatives found during the literature re-
view, and they also had the possibility of adding other
alternatives from the point of view of their professional
experience. This was done with the purpose of complet-
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Figure 3. Activity space “Integrate QFD into the measurement process”
Source: the authors

Figure 4. Work products related to activities.
Source: the authors

ing the first qualitative phase based on the analysis of
the information and data obtained through the data
collection instrument. This information represents the
needs from a viewpoint of the clients and is used to cre-
ate the section called “WHAT” of the House of Quality
described by QFD, as illustrated in Table 2.

Table 2. Characteristics contained by the section
“WHAT” within de House of Quality

Stakeholder requirements – “WHAT”
Software defects
Project size
Effort
Project duration
Developer performance
Development team performance
Productivity
Project planning
Internal customer satisfaction Errors in production

Source: the authors

B. Determine engineering characteristics
This section refers to identify how the needs of the
stakeholder can be faced from the view point of the
technical experts. In this case, the activity refers to
specify the units of measures or technical specifications
necessary to satisfy the measurement of the state of
progress. So, these units of measurement correspond
to the engineering characteristics. Such characteristics,
as well as the needs selected in the previous stage, were
identified based on review of the literature and later to
the elaboration of the survey that was applied to the
stakeholders in terms of their opinion about the rele-
vant units of measures to measure the progress status
of software projects. These resulting characteristics are
illustrated in Table 3.
C. Determine matrix of relationships
It is possible to illustrate a characterization to measure
the progress status of software projects. In this case,
the needs of the stakeholders and the technical spec-
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Table 3. Characteristics contained by the section HOW within de House of Quality
Engineering characteristics – “WHAT”

Group of units Units Abreviation

Software defects
Number of defects per phase Ndf
Number of defects in pre-launch Ndp
Number of components with errors Nce

Frequency of measure use

Number of people year of effort Npe
Commited tasks Tco
Lines of code / development effort Lc/Ed
Amount of errors reported Cer
Number of customer complaints Nqc

Project size
Amount of lines of code Clc
Amount of people - year Cpa
Amount of people - month Cpm

Effort

Amount of estimated hours Che
Amount of real hours Chr
Amount of people - year Cpa
Amount of people - month Cpm
Months per development phase Mf

Project duration Number of iterations (Time in weeks) Ni
Months per development phase Mf

Engineering characteristics – “HOW”
Group of units Units Abreviation

Developer performance
Number of lines of code Nlc
Number of defects / LOC (lines of code) Nd/Lc
Average of hours of weekly tasks Phts

Development team performance

Hours of project to date Hpf
Tasks developed to date Trf
Earn value to date Vg
Total of lines of code Tlc

Productivity

Lines of code / Hour Lc/H
Number of requirements / man month Nr/Hm
Number of designs / man month Nd/Hm
Size of output (lines of code) / man month Ts/Hm
Number of test suit / man month Np/Hm

Project planning
Current duration / estimated duration Da/De
Current effort / estimated effort Ea/Ee
Total time of development (people month) Ttd

Source: the authors

ifications are considered from two key points of view.
The first point corresponds to the measures that are
considered relevant for the stakeholders and the second
point corresponds to the units of measures to satisfy
the needs identified. Figure 5 shows the relationships
between the WHAT and the HOW.

After the stakeholder requirements and the engi-
neering characteristics are selected and assigned to the
quality house, the next step is to qualify the relation-
ships between them [18]. To do this, it should be noted
that the characteristics can affect the requirements in
a positive or negative way. Then, a weighting process
must be carried out in a joint effort by the roles corre-
sponding to the stakeholders and the technical staff. In
this work, the two roles can be performed by the same
staff or by different staff, this decision depends on the
conditions and characteristics of the development of
the software project. This step facilitates the common

understanding about the effect of the engineering char-
acteristics on the stakeholder requirements. It is impor-
tant to mention that the scale to evaluate the answers
given according to the level of importance is included
in the range from 1 to 5, where each value represents
the level of importance to the stakeholders. Such val-
ues are: 1 (Not important), 2 (Little important), 3
(Neutral), 4 (Important), and 5 (Very important).

Once the degree of importance of the WHAT’s has
been identified, the relationship matrix of the “WHAT”
vs “HOW” is calculated. This matrix indicates how
much impact the engineering characteristics can have
on the stakeholder requirements. Each grid is filled
with a score Cij = {0,1,3 or 9} to estimate the impact.

The relationships between these dimensions are not
always 1:1, there may be complex relationships, as well
as different levels of relationship. A single “engineer-
ing characteristic” can influence several “stakeholder
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Figure 5. Relationships matrix.
Source: the authors

Table 4. Weighting process
WHAT’S Importance

degree
Raised
quality

Improvement
rate

Abuse
weight

Relative
weight

Software defects 4.45 5.0 0.89 22.25 1.09
Project size 4.09 4.5 0.91 18.405 0.90
Effort 4.45 5.0 0.89 22.25 1.09
Project duration 4.09 4.5 0.91 18.405 0.90
Developer performance 4.33 4.5 0.96 19.485 0.95
Development team performance 4.58 4.5 1.02 20.61 1.01
Productivity 4.36 4.5 0.97 19.62 0.96
Project planning 4.52 5.0 0.90 22.60 1.11
Internal customer satisfaction 4.12 4.5 0.92 18.54 0.91
Errors in production 4.39 5.0 0.88 21.95 1.08

Source: the authors

requirements”. This matrix shows the relationships be-
tween the “WHAT” and the “HOW”, which are de-
fined considering three levels of relationship: weak re-
lationship, medium relationship, and strong relation-
ship. Based on [19], the values suggested in this pro-
cess are: 0 (No relationship), 1 (Weak), 3 (Medium),
and 9 (Strong). A blank cell indicates that the engi-
neering characteristic has no influence on any stake-
holder requirement. This means that the interpreta-
tion of “WHAT” and “HOW” was not performed prop-
erly. The results obtained from such matrix are shown
in Figure 6.

IV. Discussion
The frame provided by SEMAT allows the stakehold-
ers to represent adequately any practice related to soft-
ware development. In particular, the practice related
to measure the progress status during the development

of a software project. In this way, we exhibited an
approach that support the stakeholders to compare,
evaluate, analyze, simulate, adapt, understand, and
compose practices in this study area. Then, the inte-
gration with a frame aimed at assuring quality in the
processes by involving the voice of client was demon-
strated. Thus, the collected information was useful for
validating the integration and demonstrating the ap-
plication of the proposal described in this paper. A
review more detailed of the results in this study allow
to us highlight some aspects. By one hand, according
to Table 4, the analysis of the statistical process based
on the answers given to the requirements in the sec-
tion “WHAT” within the quality house demonstrates
that the requirements raised by the stakeholders (re-
spondents) have a high-level priority relative to the
measurement of the state of progress in software devel-
opment. An example of this assessment is evidenced
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Figure 6. Relationships “WHAT” vs “HOW”.
Source: the authors

in such Table 4, where the degree of importance and
quality raised has a rating between “Important” and
“Very important”. By other hand, the Figure 6, allow
us to identify and make a diagnosis of the degree of
importance and degree of impact of the diverse compo-
nents related to the measurement of the progress status
during the development of software projects. This rel-
evance is demonstrated by identifying and relating the
requirements of the interested parts and the technical
characteristics considered in the development of soft-
ware projects. These tasks facilitate the establishment
of controls to be carried out and decisions making to be
made to improve quality and progress level in projects.
Figure 7 illustrated a greater degree of impact related
to Ndf (number of defects per phase), Chr (amount of
real hours), Ttd (Total time of Development - people-
months), Ea/Ee (Current Effort / Estimated Effort),
Nce (number of components with errors), Mf (months
per development phase), Che (amount of estimated
hours) and Npe (number of peopleyears of effort).

V. Conclusion
This work constitutes a valuable contribution in the
field of software engineering in particular related to
measuring the progress status in the development of
software projects. There is a diversity of measurement
approaches, as well as various methods used to develop
software projects. Some of these approaches are based
on empirical experience and others are framed in glob-
ally recognized standards, norms, and frameworks. It
was found that not only this variety represents a matter
of concern, but also the informal and subjective way in
which many of these measurement processes are carried

out, cause uncertainty and lack of confidence both in
the process and in the results obtained. With the pur-
pose of facing these difficulties, SEMAT was proposed
as a representation framework based on a kernel that
provides a series of elements leading to the establish-
ment of a common base that facilitates the understand-
ing, analysis, and integration of diverse approaches. To
achieve the above, a characterization of the elements
provided by the SEMAT that could support the mea-
surement of the progress status of software projects
was described. Also, the way in which these character-
istics are integrated into the measurement process was
described. Additionally, the lack of rigor in the appli-
cation and configuration of the measurement process,
which was evidenced in the review of studies, made
it possible to demonstrate the usefulness of integrat-
ing QFD (Quality Function Deployment) in this work.
The use of QFD for the purpose of supporting the de-
velopment of software products is widely demonstrated
in the literature, however, in this work it was innova-
tively demonstrated that QFD, can also support the
execution of software development processes.
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