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Forward

The Twelfth International Conference on Software Engineering Advances (ICSEA 2017), held on
October 8 - 12, 2017- Athens, Greece, continued a series of events covering a broad spectrum of
software-related topics.

The conference covered fundamentals on designing, implementing, testing, validating and
maintaining various kinds of software. The tracks treated the topics from theory to practice, in terms of
methodologies, design, implementation, testing, use cases, tools, and lessons learnt. The conference
topics covered classical and advanced methodologies, open source, agile software, as well as software
deployment and software economics and education.

The conference had the following tracks:

e Advances in fundamentals for software development

e Advanced mechanisms for software development

e Advanced design tools for developing software

e Software engineering for service computing (SOA and Cloud)
e Advanced facilities for accessing software

e Software performance

e Software security, privacy, safeness

e Advances in software testing

e Specialized software advanced applications

o Web Accessibility

e Open source software

e Agile and Lean approaches in software engineering

e Software deployment and maintenance

e Software engineering techniques, metrics, and formalisms
e Software economics, adoption, and education

e Business technology

e Improving productivity in research on software engineering

Similar to the previous edition, this event continued to be very competitive in its selection process
and very well perceived by the international software engineering community. As such, it is attracting
excellent contributions and active participation from all over the world. We were very pleased to receive
a large amount of top quality contributions.

We take here the opportunity to warmly thank all the members of the ICSEA 2017 technical program
committee as well as the numerous reviewers. The creation of such a broad and high quality conference
program would not have been possible without their involvement. We also kindly thank all the authors
that dedicated much of their time and efforts to contribute to the ICSEA 2017. We truly believe that
thanks to all these efforts, the final conference program consists of top quality contributions.



This event could also not have been a reality without the support of many individuals, organizations
and sponsors. We also gratefully thank the members of the ICSEA 2017 organizing committee for their
help in handling the logistics and for their work that is making this professional meeting a success.

We hope the ICSEA 2017 was a successful international forum for the exchange of ideas and results
between academia and industry and to promote further progress in software engineering research. We
also hope Athens provided a pleasant environment during the conference and everyone saved some
time for exploring this beautiful historic city.
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A Teaching Method for Software Measurement Process based on Gamification

Lennon Sales Furtado, Sandro Ronaldo Bezerra Oliveira
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Abstract—The value of an effective measurement program
lies in the ability to control and predict what can be measured.
Thus, the measurement program has the capacity to provide a
basis in decision-making to support the interests of an
organization. This means it is only possible to run an effective
measurement program with a team of software engineers who
are well trained in this area. However, as the literature shows,
there are few computer science courses that include the
teaching of software process measurement in their program.
Even these, generally only discuss the basic theoretical
concepts of this process with little or no measurement in
practice, which discourages the students from’s learning the
measurement process. In this context, according to some
experts in software process improvement, one of the most
widely used approaches to maintaining the motivation and
commitment to improving the program, is the use of
gamification. In light of this, the aim of this paper is to set out
a proposal for teaching the gamification measurement process.
This seeks to improve student motivation and performance in
carrying out tasks related to software measurement, by
incorporating elements from games into the measurement
process, and thus making it more attractive for learning.

Keywords-education;  gamification;  teaching method;
software engineering; software process measurement.

1. INTRODUCTION

The purpose of the software measurement process is to
collect, store, analyze and report data on developed products
and implemented processes within an organization, in order
to support organizational goals [1]. Moreover, the
importance of an efficient measurement program lies in its
ability to control what can be measured [2]. By being able
to control the metrics of the measurement program, the
organization will be capable of predicting organizational
and marketing behavior [3].

Even though the measurement process is of such
importance to Software Process Improvement (SPI), the
software industry has been reluctant to employ efficient
measurement programs [4][5]. This is because many
software managers and software engineers, including
academics in software engineering and computer science,
seem to have little or no practical knowledge of this subject
[6].

In general, in every software measurement program,
what determines its success is the human factor, because if
there is a lack of commitment to this program, it is unlikely
to achieve the desired results, i.e., the visibility and control
of software metrics to aid in decision-making. In this
context, one of the most widely used methods to maintain

Copyright (c) IARIA, 2017. ISBN: 978-1-61208-590-6

the motivation and commitment of the people involved in a
SPI program is the use of gamification [7].

Gamification by definition is the use of game elements
and game design techniques outside their usual context [8].
This process seeks to improve the commitment, motivation
and performance of a user when carrying out any task, by
incorporating features of games and game mechanics, and
thus, make the task more attractive [9].

By means of this educational tool, this paper seeks to
address the problem of teaching the measurement process
by exploring aspects of gamification. This involves
adopting and evaluating an approach for the use of this tool
as a motivating factor in the teaching of software process
measurement.

In addition to this introductory section, this paper is
divided into the following sections: Section II will cover
factors that explain and identify the question under study.
Section III will outline the problem addressed in this paper
and discuss related work and the limitations of its
approaches. In Section IV, a number of research questions
will be raised that will guide future investigations covered
by this research. In Section V the methods used to answer
the research questions will be examined in detail, and
finally, in Section VI the expected results will be discussed,
together with a report on the progress of the research.

II. A GAP IN THE AREA AND SCOPE OF THE RESEARCH

This section describes the gap in the area and the scope
of the research discussed in this paper.

A. A Gap in the Area

As pointed out by Jones [6], many software managers
and software engineering professionals are unaware of the
key aspects of measurement (planning, preparing, collecting
data and analyzing them for decision-making). One factor in
this problem that must be taken into account is the way the
process of measurement and analysis is taught.

This concern is directly related to the fact that the
measurement process is generally regarded as difficult and
time-consuming [8][10][11][12]. An initial assumption that
must be made when seeking to understand this problem, lies
in the way this discipline is taught [13], since it has been
neglected in the undergraduate curriculum and its
importance is not stressed enough to encourage students to
learn in practice [14]. In addition, another serious factor is
the lack of guidelines on how to implement the practice of
measurement [15][16][17].

In other words, the dynamics of expository lectures,
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(where students passively construct their knowledge), tend
to be very time-consuming and have inherent weaknesses
with regard to the difficulties of transferring knowledge to
real life situations [18].

Furthermore, the measurement process is only one of
several processes taught in the software quality assurance
disciplines, and because of this, there is little time to show
its practical application. This is the main obstacle to the
establishment of knowledge in the measurement process. It
means that the students clearly have difficulties in applying
software measurement to real-life situations.

In attempting to meet the needs of the students involved
in Software Quality Assurance, this research will set out a
proposal for the gamification of the software measurement
process. This is a way of overcoming the problem of a lack
of opportunity to practice this process in the undergraduate
curriculum, by introducing the concepts of basic measures,
derived measures, indicators, Goal Question Metrics
(GQM) [19] and a Practical Software Measurement (PSM)
program [20].

B. Scope of the Research

This study will investigate the following: the
conceptual factors involved in the development of the
proposal, and the implementation and evaluation of the
gamification tool for teaching the software measurement
process. In addition, it should be mentioned that this
research has the following objectives:

* To set out a teaching proposal for the software
measurement process by the application of
gamification,

* To analyze the state-of-the-art in the use of
gamification for the teaching of software processes,

* To identify different approaches to the use of
gamification, which can provide the user with
greater ease when learning the discipline of
software measurement,

* To identify the limitations of gamification as a
teaching method,

* To examine the concepts of basic and derived units
of measurement,

*  To define the concept of indicators,

* To set out the GQM and PSM paradigms,

* To predict the expected outcomes and practices
contained in the Nationwide Program for Software
Processs Improvement in Brazil (MPS.BR-SW) and
Capability Maturity Model Integration (CMMI-
DEV) programs, which include the measurement
processes,

* To describe the most widely used metrics in the
market, such as metrics for product maintenance,
performance, and reliability,

* To describe the metrics that do not depend on the
programming language,

* To define the concepts of the Organizational
Measurement Plan, GQM Plan and Measurement
Report,
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* To evaluate the teaching proposal by comparing it
with traditional teaching methods
Apart from these objectives, this research aims to prove
or refute the following hypothesis: the gamification research
proposal to teach software process measurement is an
appropriate way of motivating students to acquire the
necessary skills for its practical application.

I11. PROBLEM STATEMENT AND RELATED WORKS

The research problems can be categorized into three

groups, which are as follows:

* The need to analyze the measurement practices used
in the software industry, i.e., to determine which
activities are really useful for the training of a
software engineering professional,

* The need to analyze the references for a curriculum
and the teaching approaches adopted by teachers in
the area, to identify which measurement practices
are covered,

* To identify the different approaches in the use of
gamification, which provide the user with greater
ease when learning the software measurement
discipline.

A. The Background
Measurement

of the Teaching of Software

According to Bass [21], software measurement can be
defined as a quantitative assessment of any aspect of
software processes and products. It allows a better
understanding of these areas and thus helps in planning,
controlling and improving what is produced and how it is
produced.

In summary, the measurement program is designed to
generate information on products, processes and people.
This kind of information serves as a framework for
decision-making, which can guide organizations and their
projects [22]. That is, it is a very important process for
organizations and for programs designed for software
process improvement.

However, organizations often make complaints about
students who enter the job market, usually on the grounds
that they are not prepared to tackle the real problems found
in industry [23]. This is due to the difference between the
industrial environment and academic programs [24]. For a
better understanding of this problem, it is necessary to
check how software measurement is being addressed in
academic courses of computer science, and if organizations
think that students who enter the job market have a
sufficient knowledge of software measurement. These
questions were raised and explored in a study carried out by
[25] and its results are summarized below:

* A survey answered by students and teachers pointed
out that the software engineering course is generally
mandatory in graduate programs, while software
measurement is, in most cases, an optional course,

¢ All the teachers and students who took part in the
survey indicated that the teaching of software
measurement is mainly given in expository lectures
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and more than 50% through a case study. In
addition, in some cases, students learn from another
approach, such as applying measurement strategies
in real projects,

* Software measurement courses are usually taught in
graduate programs, although these courses are
mostly optional,

* The level of student learning is usually assessed by
written exams (75%) and by projects (58%).

To meet the needs of industry, it is necessary to prepare
students for these environments and their real problems.
There are many approaches for this, including in-context
learning, where the student learns to use knowledge in a
context with the same real-world challenges [26]. That is,
the student will learn software process measurement by
measuring actual software, as well as by designing
measurement plans and putting them into effect.

Another approach is the application of teaching by
Problem Based Learning (PBL), which follows the principle
of learning by solving problems or addressing challenges
related to the practice of software measurement.

In addition to these approaches, one of the approaches
found in the literature is the use of serious games for
teaching a subject [18], where the student plays a game as
an educational tool to introduce the theoretical concepts and
simulate the practical application of these concepts As a
result, it can be seen that an important feature in the
teaching of software measurement, is to adopt innovative
approaches in the way the education will be conducted [17].
This is because universities have a myriad of student
profiles with different levels of interest and motivating
factors that will lead them to obtain the desired knowledge
from an educational institution.

Among these new approaches is the use of game
elements in terms of mechanics and dynamics, which are a
motivational factor in teaching or carrying out a task. This
approach is known as gamification and seeks to improve the
commitment, motivation and performance of a user when
learning a subject or carrying out a task [9]. In addition, one
of its great advantages is the familiarity of the students of
this generation with games, because they have grown up
with them and actively play games as both a form of
entertainment and learning.

In summary, the objective of this research is the
development and validation of an educational tool that uses
gamification for the teaching of software measurement.

B. Problem Areas

Despite its importance in industry, in many cases, the
measurement process has failed to yield benefits to
organizations.

Following a survey conducted in Brazil in 2012 by the
American Chamber of Commerce (AMCHAM) [27] with
44 Information Technology (IT) executives, it was found
that 86% of the executives interviewed were not satisfied
with the way the measurement was conducted in their
organizations. Among the main difficulties highlighted were
the following: a) obtaining tangible benefits and producing
a return on measurement activities (41%), b) establishing
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performance indicators (30%), c) obtaining information on
the impact of IT on other sectors of the company (18%),
and d) quantifying the efficiency of the processes and
systems (14%).

All the difficulties found arise from the capacity of the
professionals responsible for the measurement process,
since they fail to conduct a process efficiently that covers all
aspects of measurement (measuring, storage, analysis and
reporting).

The problems reported by the industry are just a few of
the symptoms of an aging education in software
measurement. This is corroborated in Jones's paper [28],
which found that there were 28 problems that need to be
addressed while measuring software, the most serious being
the absence of a proper training system for students, to
enable them to enter the world of industry with real
problem-solving skills.

In addition to the problems pointed out by Jones [28],
the literature states that software measurement is a complex
and time-consuming task [8][10][11][12]. Apart from these
problems, software measurement in education faces other
challenges, such as being one issue among the 83 topics
covered by software engineering and the fact that in most
courses, it is treated as an optional subject [25]. Moreover,
there are the problems arising from the dynamics of
expository lectures, where students passively construct their
knowledge, and thus tend to waste a lot of time. There are
also the inherent weaknesses in this methodology with
regard to the difficulties in the transfer of knowledge to
real-life situations [18]. This makes it difficult for the
student to understand the subject in depth, since this is only
possible when a student is motivated and engaged with the
subject. However, it can be achieved by exposing these
students to situations that allow them to participate in
problem-solving activities and tasks related to the issue of
software measurement. Hence, these difficulties provide
opportunities for improvement, and will thus lead to the
maturity of the software measurement process. However,
this process is still regarded as an “immature” field [23],
due to the lack of a consensus on international software
standards for measurement [29] and divergences in the
implementation and interpretation of software metrics with
tools [30]. That is, it is a field of study that needs to undergo
several improvements and also be standardized.

C. Limitations of Related Works

With regard to related works, only those will be
evaluated that provide mechanisms for teaching software
engineering through gamification or serious games.

The closest approach to this research is in the
exploratory study conducted by Gresse von Wangenheim
[18], which employs a serious game (X-MED) for teaching
software measurement. In this work, the student plays the
role of a measurement specialist who has to carry out the
measurement process in a movie rental company. As the
users progress in the game, they must answer some
questions and earn points, so that they can produce a result
that corresponds to the level of learning of the student.

The most significant contributions made by this system
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are:

* It provides a comprehensive study that covers all the
stages of creating the proposed game,

* It provides a complex theme that can be measured by
a game that simulates a situation which involves a
real application of this process,

* It validates the game proposed by applying it in
undergraduate classes so that it is able to evaluate the
degree of acceptance and benefits of the game in
practice by pre and post questionnaires with the
users.

However, the game devised by Wangenheim did not
show any improvements in teaching measurement when
compared with the traditional teaching method based on
lectures. This can be attributed to some weaknesses in this
work, such as:

* The game makes use of game mechanics and
elements that are not very attractive, for example
mechanics quizzes. The game mechanics and their
related elements are determining factors to motivate
and engage the student,

*  The aesthetic appeal and sound of the game are not
attractive; this is a very important factor in
maintaining the user’s interest in the game,

*  The game is not suitable for mobile devices. This is a
weakness, as most students are used to making use of
this platform as a means of entertainment. Thus, it is
more likely that students will make use of the game
in their free time.

The works [31][32][33] were also evaluated, which made
use of gamification or serious games for the teaching of
software engineering.

In the work conducted by Bartel [31], which includes a
gamified course for the teaching of design patterns, the
students were encouraged to work as a team. Different tasks
were assigned to each of the students in the team and each
team had to find solutions to the problems raised in the
classroom. On the completion of every task, the students
were awarded a score by their classmates and the teacher. In
this work, the following difficulties were detected:

*  The proposal is very simple and limited since it is

basically a quest list,

* Feedback is given by classmates and not by an
automated system, which meant it was based on the
subjective opinions of the students,

*  The evaluation of the results of the game was not
compared with the traditional teaching methods to
validate its usefulness.

In the course of the paper [32], which employed a
gamified classroom for teaching extreme programming, the
students who took part, stated in the questionnaires that they
thought the learning experience was good when compared
with the learning experience that involved conventional
lectures.

The participants showed an improvement in learning and
coding performance after they had become used to the
gamification teaching method. Despite this there were a
number of limitations in this paper which are listed below:
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*  The lack of immediate feedback and transparency in
the data collected, as students were only given an
assessment of their progress at the end of the cycle,

* The experiment undertaken in the paper needs a
special kind of class where students work 8 hours a
day and use gamification as a part of the teaching
method,

* In the paper, few topics are discussed about the
planning of the gamification (e.g. the game elements
and mechanics), only the results of the experiment
are given.

In addition, the study conducted by Chaves [33] included

a serious game, which taught how to design software
processes, and made evaluations of the pre and post
questionnaires that were employed in undergraduate classes
on computer science. The class that took part made a
significant contribution to the efficacy of learning and the
application of acquired knowledge in its results.
Nonetheless, the study had the following drawbacks :

* The constraints imposed by the game can restrict
the creativity of the player, because only the
traced path can be followed,

* The students only memorize the proposed models
rather than learn them,

* There are fewlevels in the game and hence
a considerable increase in difficulty, which distorts
it.

IV. QUESTIONS, HYPOTHESES AND DISCUSSION

The main goal of our research is to set out a teaching
method based on gamification for software measurement, as
an educational tool for computer courses, and this approach
is based on the results of different kinds of research
methods such as: a survey, a systematic review of the
literature, a literature review of the the curriculum
guidelines and user testing.

In addition, we found many references [6][13][14][21]
that support our initiative and point to the need to approach
software measurement education in a non-traditional way.

The following research questions should be addressed to
understand the needs of students and industry, as well as the
accuracy of the gamification system :

* RQI1. What is the state-of-the-art on software
measurement education when gamification is used
as an educational tool?

* RQ2. How can educators
gamification in measurement
learning?

* RQ3. What are the metrics and indicators that are
most widely used by the software industry?

*  RQ4. What are the measurement skills required by
the software industry and which of them were
acquired in the computer courses?

* RQS. What are the metrics (i.e., metrics for
product maintenance, performance, reliability, and
other features) covered in the computer science
course curriculum?

*  RQ6. What are the measurment topics (collecting,

benefit from
education and
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storage, analysis and reporting) covered in the
computer science course curriculum?

* RQ7. Can the educational game be considered to
be appropriate in terms of content relevance,
correctness, sufficiency and degree of difficulty,
sequence, teaching methodology and duration in
the context for which it is intended? Is the game
considered to be “engaging”? What are its
strengths and weaknesses?

* RQ8. How does the effectiveness of learning
measurement through gamification compare with
that of using traditional learning, in the pre and
post questionnaries?

These research questions were defined in an attempt to

refute the following null hypothesis:

*  HO. There will be no difference in the pre test and
post test scores between the two groups (the
experimental and control group will have equal
skills) when applying the measurement in pratice.

If the null hypothesis is refuted, we intend to test our
alternative hypothesis:

*  H1: There will be a difference in pre and post test
scores between the two groups (the experimental
and control group will not have equal skills) when
the measurement strategy is employed in pratice.

V. RESEARCH METHOD AND PROGRESS

Since this paper forms a part of a doctoral research, we
still do not have sufficient results to effectively answer the
research questions; however, all these questions are
addressed by discussing the research methods used. The
research methods employed to answer the research
questions and test the hypothesis will be outlined in this
Section.

A. Identifying the Diferent Approaches and Benefits of
Gamification for the Teaching of Software Measurement

When answering RQ1 and RQ?2, a systematic review of
the literature will be carried out to analyze the results,
methodologies and tools of the works that are aligned with
the subject of gamification and applied to the teaching of
software measurement. This systematic review will entail
adopting a simplified and adjusted approach from the
Kitchenham guidelines [34]. Figure 1 shows the systematic
review protocol; the following questions were raised during
the the systematic review of the literature (SRLQ) with the
aim of finding out about other gamification approaches
applied in the area of software measurement. This review
will also be used to explore the validation methods applied
in other gamification systems and their measurement
elements. It should be noted that we are currently working
on the systematic review of the literature. The research
questions in this review are:

*  SRLQI. Based on ISO 15939 where the software
measurement features were addressed in the
gamification systems?

* SRLQ2. In what contexts (i.e., education, work,
and other areas) were the measurements for
gamification software applied?
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*  SRLQ3. What were the limitations reported in the
use of gamification for software measurement
education?

* SRLQ4. What research methods were used to
validate the gamification system?

* SRLQ5. What game elements were used in
gamification for teaching software measurement?

*  SRLQ6. What game mechanics were used in
gamification for teaching software measurement?

* SRLQ7. What game dynamics were used in
gamification for teaching software measurement?

*  Overview of Study

Answers to Secondary Research
Questions

Answers to Primary Research
Questions

Outcomes -

*  Selecting Primary Studies
* Data Extraction

Procedure Data Synthesis

Research Questions
Selecting Digital Libraries
Selection of Criteria

Data Extraction Criteria

Planning

Figure 1. Systematic Review adapted from [34]

B. Identifying Measurement Strategies included in

Computer Courses and Industry

With regard to the metrics, indicators and strategies
employed in industry, these questions will be investigated in
papers that cover this area such as Costa’s work [35]. In his
work, Costa describes the software measurement process
using the Goal-Question—Indicator—Metric  (GQIM)
methodology [40]. This takes the form of a catalog that lists
the following: a) the measurement objectives, b)
information needs, indicators and measurements that are
most widely used in the context of software process
development and c) those identified by a Systematic review
of the literature. In addition, a survey will be conducted
with applied measurement professionals with a view to
answering the RQ3, and thus identifying and giving
prominence to the need for Brazilian industry tobe involved
in the teaching of software measurement process for
undergraduate students.

Moreover, another survey will be carried out to answer
RQ4, but this will be conducted with students who have
already graduated from the Federal University of Pard and
are active in industry. In this way, we will be able to
determine which measurement strategies were acquired in
an academic environment and which are being used in an
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industrial environment. This will also enable us to fill in any
gaps with regard to the measurement process in the teaching
environment. Both surveys will follow the guidelines
recommended by Kitchenham and Pfleeger [36].

Furthermore, when answering RQ5 and RQ6,
a literature review will be carried out on the curriculum
guidelines of the ACM / IEEE [37] and the SBC [38] to find
out which measurement topics and which metrics they
cover. This should provide evidence that the measurement
activities suggested by the curriculum guidelines meet the
requirements of the software industry.

C. Defining an Approach for Teaching Measurement by
Gamification

After the first six research questions (RQ), have been
answered, they will be assessed in terms of the following
results:

¢ The set of measurement practices used in the
software industry,

*  The recommendations in the curriculum guidelines,

* The current approaches to gamification in teaching
software measurement,

* And, in particular, the gap between industry and the
academic world with regard to what instrumenst
should be used in software measurement.

These results will serve as a framework in the teaching
of software measurement by gamification. In addition to the
application of these answers, this research will make use of
the teaching framework of software measurement found in
Villavicencio’s work [17], where it introduces gamification
concepts into teaching and learning activities. This
framework is based on Bloom's taxonomy on levels of
learning outcomes [41] and adopts a constructivist
approach. The six thinking/learning levels that are defined
in Bloom’s taxonomy are as follows: recognizing /
remembering, understanding, applying knowledge and
techniques, analyzing, evaluating, and forming a synthesis.
The constructivist approach is based on the assumption that
the learners can construct their own knowledge and reach
higher levels of learning through an engagement and active
participation with it. For this reason, the framework
established by Villavicencio is suited to this work since the
involvement and commitment of the students is embodied
in the learning process. This can be achieved by
incorporating the concepts of game elements and mechanics
that can be defined in the area of gamification. The
Framework can be seen in Figure 2.

D. Performing Case Studies to Evaluate the Teaching
Method

After the software measurement process by gamification
has been implemented, this research will make a
comparison of the results obtained from two groups of
students as a means of validating and answering RQ7 and
RQ8. The two groups will be divided into a control group
and an experimental group and comprise Software Quality
at the Federal University of Para, which has approximately
20 to 30 students per class. The control group will not carry
out teaching through gamification, in contrast with the
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experimental group. Thus, the objective results obtained
from each class will be taken note of before RQS8 is
answered. These results will be analyzed on the basis of the
grades achieved at the end of the course, while the
subjective results of the classes will be drawn on to answer
RQ7. This will be undertaken by setting a post test
questionnaire  to evaluate the opinion of each student on
gamification as a teaching method. These experiments will
be conducted over a period of 2 semesters and will follow
the guidelines recommended by Wohlin [39]. The
hypotheses will be tested with the aid of the data collected
in the experimental phase, which include descriptive
statistics to analyze the high, low and average grades of
both the control group and experimental group. On the basis
of this, it will be possible to determine if there is any
significant difference between both groups.

CONTENT

Software ‘ Software measurement Topic ‘

I I
I I
I |
I I
I I
measurement =3 |
priorities ! 1, !
I I
: ’ Core of the Topic ‘ :
I I
I I
I I
| ’ Specific content to be covered ‘ 1
I I
I I
- | |
Course objectives jrssssssssdessssnnsss
I I
1 ‘ Intended learning outcomes ‘ |
I
H ¢ Im;}rovements Analysis for
I Ineeded continuous
: Teaching and learning : °| improvement
| activities \
Available resources \ \
for teachingand =7~ ¢ \Feedback
learning | T Students with
I ’ Assessment tasks | expected
I 1 knowledge and
! ' skills
| CONSTRUCTIVIST APPROACH 1
I |
INPUTS GUIDELINES OUTCOMES

Figure 2. A Framework for software measurement teaching [17]

As the aim of the research is to have an effect on
industrial strategies, the survey will have to be conducted in
several stages. These will entail the following: a)
monitoring the knowledge acquired about the people
involved, b) understanding the reality of the students’
professional practice, c¢) undertaking numerous other
follow-up research studies, d) taking part in the software
development community (SDC) to make use of the
improvements in the results and comtribute to them and €)
making a practical application of the content in numerous
other undergraduate and postgraduate classes.

Finally, it should be emphasized that, to a great extent,
this research relies on the quality and quantity of the results
obtained from each of the research methods, although the
success of each of the methodologies cannot be ensured
without first putting them into practice.
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VI. CONCLUSION AND SUGGESTIONS FOR FUTURE
WORK

This paper has underlined the importance of software
measurement process, while acknowledging its limitations,
especially those aimed at improving teaching practices. In
addition, this work forms a part of a doctoral research,
which seeks to devise a teaching method of gamification in
software measurement and investigate the teaching and
learning activities resulting from this.

This involved defining the hypotheses and research
questions that will lead to the next stages in this research. In
addition, we outlined the research methods that will be used
for carrying out this research. These include a systematic
review of the literature, surveys, an analysis of curriculum
guidelines and the application of a user test conducted at the
Federal University of Pard by applying pre and post test
questionnaires with students in the subject-area of Software
Quality.

In parallel to writing this paper, a systematic review of
the literature is being carried out to give an overview of the
topic and show the different approaches adopted by the
author, while also seeking to answer RQ1 and RQ?2. For this
reason, the next stage that will be followed will be to
conduct a survey to determine the metrics and
measurements that are most needed in industry. After this,
there will be an analysis of the curriculum guidelines to find
out what measurement procedures are needed in the
academic world. Thus, as future works, this research will
show the state-of-the-art on software measurement
education using gamification as an educational tool. It seeks
to show the following: i) how educators can benefit from
gamification in measurement education and learning, ii)
what are the metrics and indicators that are most widely
used by the software industry, iii) what are the measurement
skills required by the software industry, iv) which of them
were acquired in the computer courses, v) what are the
metrics (i.e., metrics for product maintenance, performance,
reliability, and other factors) covered in the computer
science course curriculum, vi) what are the measurement
topics (collecting, storage, analysis and reporting) covered
in the computer science course curriculum and vii) the most
important contribuition - the gamification system to teach
software measurement.

This system will be evaluated to determine whether the
educational game can be regarded as appropriate in terms of
content relevancy, correctness, sufficiency and degree of
difficulty, sequence, teaching method and duration, for the
purposes to which it is intended. There is also a need to
know how the effectiveness of learning measurement with
gamification compares with traditional learning methods.

Finally, after all the research questions have been
answered, the hypotheses will be tested by the data
collected in the experimental phase. This will enable us to
determine if there is any significant difference in the
learning process of software measurement when the
gamification system is applied.
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Abstract—This paper proposes a strategy for the
harmonization of the Information Technology (IT) service
management  framework, the Information Technology
Infrastructure Library (ITIL) framework, and the process
improvement model for service used in the IT industry, called
the Capability Maturity Model for Service (CMMI-SVC). The
focal point of this harmonization lies in the Design
Coordination process included in the ITIL Service Design,
which seeks to ensure that the design consists of appropriate
services and coordinates all the design features involved in
projects, changes, suppliers and support teams. The results of
the harmonization were checked step by step (in a procedure
that included a peer review) with the assistance of a specialist
with a knowledge of the ITIL framework and the CMMI-SVC
model. Hence, the aim of this work is to correlate the structures
for these standards and thus obtain the benefits of being able
to reduce the time and costs through a joint implementation
and also to stimulate the implementation of several models
designed for IT service management. Thus, the main
contribution made by this paper is that it finds a way of
implementing ITIL practices through the adoption of the
organizational process assets included in CMMI-SVC. This
form of implementation was evaluated by specialists with an
expert knowledge of both frameworks and adjustments were
requested before the final version was completed for this work.

Keywords-service management; information technology
services; IT organization; service management model; ITIL;
CMMI-SVC; harmonization.

I.  INTRODUCTION

In recent years, both public and private organizations,
(regardless of their size), have increased their demand for IT
services to achieve their strategic goals. This paradigm has
led the IT area to be seen as a strategic partner of businesses
by enabling them to act in a competitive way. As a result of
this change, there is a need to improve standards when
providing these IT services, by employing methodologies to
guide their implementation and management. Since they are
based on best practices, this has enabled companies to
achieve successful results [1].

Several standards of best practice (including proprietary
knowledge, norms, models and frameworks designed for IT
service quality management) are available in the market,
such as the ITIL framework [2], International Organization
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for Standardization / International Electrotechnical
Commission (ISO / IEC) 20000 [3], CMMI-SVC [4] and
Control Objectives for Information and Related Technology
(COBIT) [5].

According to the Information Technology Service
Management Forum (itSMF) UK [1], the ITIL framework
offers the following benefits: a) providing value to
customers through IT services, b) integrating a strategy for
services for business and customer needs, and c) measuring,
monitoring, optimizing and reducing the cost of IT services.
Companies such as IBM, Microsoft, HP and HSB are
success stories in the adoption of the ITIL framework and in
the 2011 edition of itSMF. There are 5 stages in the service
lifecycle; each stage has a book of its own, together with 26
processes and 4 functions, which assist in achieving the
purposes and goals of each stage.

In contrast, the CMMI for Services (CMMI-SVC) [4] is
focused on the processes of service companies that are
designed to help these companies know and improve their
IT service processes. According to the CMMI Institute, until
now (2017), their assessment shows that 549 companies
have been using this maturity and capability model.

Many organizations see the need to adopt two or more
IT best practice models or frameworks to improve
efficiency and effectiveness in providing suitable 1T
services and thus ensure the organization’s survival and
success in the competitive global market. A set of models or
frameworks (rather than just one) is used because when
implemented in isolation they may not be able to fully cover
all the needs of an organization by improving its IT services.
Regardless of differences in concept and structure, IT best
practice frameworks and models are not in principle
incompatible, which means that they can be combined to
improve the organization's IT service management. Hence
the challenge of implementing IT service management
through more than one standard of best practice, can be
overcome by means of harmonization. This task will help to
establish the similarities and differences between the models
discussed in this paper [6]. The harmonization technique is
widely used and accepted by the regulators as a means of
enhancing the quality of the products and services provided
and managed by the IT organization.

The research question raised in this work is about how
ITIL (the IT service quality framework) and CMMI-SVC
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(the process quality model) can lead to an organizational
improvement in an integrated way, by making use of the
assets (practices, processes and other features) that these
standards have. In this way, this research is driven by the
need for materials that can guide the implementation process
of the multi-models (ITIL and CMMI-SVC) in companies
through the provision of assets to determine their strengths
and weaknesses. It is also the purpose of this research to
show the relationship between the ITIL framework and the
CMMI-SVC quality model, by harmonizing their
characteristics to show the level of adherence between their
structures and supporting the organizations that wish to
implement the framework and model together. Thus, the
description of the main goal concerns the application of the
practices defined in the quality models for IT service
management.

The scope of the business / scientific problem and its
challenges is revealed by the number of existing models that
are designed to improve the quality of IT services. The
harmonization can help to identify the common features of
these models by providing the area responsible for the
organization’s IT service management with an instrument to
guide the joint implementation of their practices. In this
way, time and costs can be reduced and value delivered to
the customers by means of the IT quality services. Thus, the
best means to solve this problem is to determine how many
of the assets (practices, processes and other factors) that are
needed to support the implementation of different standards,
can be applied together in the area responsible for the
organization’s IT service management.

This paper discusses the details of the harmonization of
the Design Coordination process included in the ITIL
Service Design, together with the process areas of the
CMMI-SVC model. In describing the similarities and
differences between the models, structures and the coverage
criteria, an evaluation has been carried out to validate the
correctness of the harmonization between the model and the
framework. Thus, the purpose of this work is to design an
instrument that can guide the joint implementation of the
practices contained in both standards (ITIL Service Design
and CMMI-SVC), and explain which CMMI-SVC strategies
could be used to implement the ITIL set of practices. This
harmonization does not aim to show the mapping between
the assets but rather the coverage of ITIL obtained from the
implementation of CMMI-SVC.

Several issues need to be addressed in this research,
including how the nature and scope of the problem
investigated are related to the IT service quality and the
improvement of the IT service and process. It also involves
attempting to ensure that the service improvement can take
place during the IT service lifecycle.

The ITIL Service Design lifecycle consists of 8
processes. The choice of the Design Coordination process
for this study, was based on the fact that this process seeks
to ensure that the goals and objectives of the stage are met.
It also provides and maintains a single point of coordination
and control for all the activities and processes at this stage
of the lifecycle.
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It is hoped that the results of this research will: a) reduce
the costs of organizations with joint implementation models,
b) overcome the problem of inconsistencies and conflicts
between the adopted standards, and c) reduce the costs
incurred through this type of multi-model implementation.
The difficulty is how to harmonize the ITIL framework with
the CMMI-SVC model, as defined by different
organizations and decide which practices should be
integrated. Finally, this research is constrained by the fact
that it is only focused on one process - Design Coordination
- which is a part of the ITIL Service Design (although the
harmonization of other processes included in the ITIL
Service Design are available at the “SPIDER - Software
Process Improvement: Development and Research Project
SPIDER”) and because only one expert has been invited to
evaluate this harmonization.

The harmonization of ITIL with CMMI-SVC is
significant because both standards include assets for the
implementation of the IT process improvement. This means
that an organization that is interested in this subject can
implement an organizational improvement program with the
good practices of different models. For this reason, it is
clear that an organization that wishes to achieve this level of
improvement, could derive the benefits of being able to
reduce the costs and time of an individual implementation of
each model, even though it could also carry out a joint
implementation. With regard to the Design Coordination
process, it is useful for an organization to move from a
managed maturity level to a defined maturity level where
the processes become standardized, structured and
institutionalized.

This paper is structured as follows. Section Il examines
some related work that harmonize the two standards for IT
service management and discusses in detail the fundamental
principles of the two standards selected for this research
study. Section Il describes the harmonization between the
Design Coordination process included in the ITIL Service
Design and the practices in the CMMI-SVC process areas,
as well as examining the evaluation undertaken for this
research and the guidelines on how harmonization should be
used. Finally, Section IV concludes the paper with some
final considerations, including the results obtained and the
limitations of this research, followed by some suggestions
for possible future work.

1. RELATED WORKS AND BACKGROUND

This section provides an overview of the concepts of the
CMMI-SVC model and the ITIL framework and some
related works.

A. Related Works

Bridges and Albuquerque’s work [7] set out a hybrid
model based on equivalences found between the Service
Availability and Continuity Management areas of
Information Technology Services Management (ITSM) and
the guides for service management, such as CMMI for
Services, COBIT, ISO 20000, ITIL and Brazilian Software
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Process Improvement (MPS.BR). These are concerned with
encouraging the use of a quality improvement model in both
areas (harmonically), with a view to consulting the Database
of a Supplemental Health Operator in Brazil.

In [8], Ali, Soomro and Brohi mapped some ITIL
processes for similar processes in IT standards and best
practices in IT services: COBIT, 1SO / IEC 27002-2005,
Six Sigma, The Open Group Architecture Framework
(TOGAF), enhanced Telecom Operations Map (eTOM),
CMMI, Payment Card Industry Data Security Standards
(PCI DSS) and the Common Security Framework (CSF).
This mapping found similarities that enable the
simultaneous implementation of ITIL in conjunction with
these standards and norms in organizations and thus
improve the productivity of business and IT services.
Although this work took account of the harmonization
between ITIL and CMMI, the CMMI model that was used
was CMMI for Development (CMMI-DEV), which is
concerned with software development and not IT process
management, which is the focal point of the good practices
in ITIL and CMMI-SVC used in this paper.

In a study by Pardo et al. [9], an integrated model is
devised that harmonizes multiple approaches related to IT
Governance for the Banking sector, including the
Technology Governance Model for Banking (ITGSM). This
involved six models and norms, namely Basileia Il, COBIT
4.1, RISK IT, VAL IT, I1SO 27002 and ITIL V.3, and these
were integrated in pairs in an interactive and incremental
way to create the ITGSM model. As a result, benefits were
obtained for banking organizations, on the basis of a system
that harmonized these models and norms.

Espindola and Audy [10] adopt an evolutionary
approach to integrate quality models, which define a method
that systematically executes a meta-model in Unified
Modeling Language (UML). This is based on the features
included in the mapping table for a quality framework and
several models (CMMI, 1SO / IEC 15504, 1SO / IEC 20000
and COBIT). As a means of confirming the applicability of
the method, the Reference Model of Brazilian Software
Process Improvement (MR-MPS) quality model was added
to validate if the addition of a model that had not been used
in the development of the meta-model, was able to ratify it.

Kusumah, Sutikno and Rosmansyah [11] carried out a
case study in an organization called INTRAC, which
introduced the Model Design of Information Security
Governance Assessment with Collaborative Integration of
COBIT 5 and ITIL. This integration was, as far as possible,
aimed at eliminating risks and their effects on the
organizations, in situations where this had previously been
fully ensured through the use of a single standard such as
ISO / IEC 27001:2009 and 1SO / IEC 27002:2005.

Finally, Garcia, Oliveira and Salviano [12] show the
mapping between CERTICS (a national Brazilian model)
and CMMI-DEV (an international model), in a situation
where the main purpose of harmonization was to improve
the area of Information Technology Competence
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Management of CERTICS. Each stage was evaluated by a
specialist in the CERTICS and CMMI-DEV models, 1) to
ensure the methodology had been formulated correctly, 2) to
ensure the methodology was being employed correctly and
3) to ensure it was appropriate to have this kind of
methodology. The main value of this was the reduction of
time and costs during the implementation and, in particular,
theability to implement several joint projects in the software
development.

Organizations can find a wide range of best practices in
the frameworks and models available which can lead to
improvements in their processes and make their businesses
profitable, by attracting companies and customers in very
different areas. These frameworks and models have some
similarities, strengths and weaknesses. A notable feature of
the related work on the harmonization of these practices is
that they enhance the organizational processes in business,
without the need to employ a large number of quality
models, since they are harmonized. As a result of this
harmonization, the regulatory agencies of these standards,
models and frameworks can find failings in their good
practices and correct them in their quality models.

B. The ITIL Framework

ITIL is a public framework owned by AXELOS (a joint
venture set up in 2014 by the Government of the United
Kingdom and Capita) and based on best practices i.e.,
“activities or processes that have proven to be successful
when used in many organizations” [2], that are widely
recognized in the world for IT service management (ITSM).
The ITIL Library is made up of a set of 5 books, one for
each stage of the service lifecycle, where IT services
effectively contribute to the best practices that can be
adopted and adapted. It depends on the need and
convenience of each organization to obtain business value.
“Stages of the lifecycle work together as an integrated
system to support the ultimate objective of service
management for business value realization” [2].

The ITIL framework and its 5 service lifecycle stages
consist of a core publication, which provides a set of best
practice guidelines for each stage. This model provides an
insight into the service stages from conception to retirement.
When each stage is examined, a set of processes and
activities can be found for planning each objective in a
sequence. The stages of the lifecycle are as follows:

e ITIL Service Strategy - this formulates IT
strategies and plans that must be appropriately
aligned to the business and determine which
services the provider must offer to meet the needs
of customers or businesses,

e ITIL Service Design - at this stage, the design of
appropriate and innovative IT services, including
their  architectures, processes, policies and
documentation, to meet current and future agreed
business requirements,

e ITIL Service Transition, - this aims at transferring
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a new or changed service to the work environment
in a controlled way,

e ITIL Service Operation - this is responsible for
keeping the service within the work environment in
a good operational condition and ensure that users
and customers are satisfied with the efficient
operation of the service, and

e ITIL Continual Service - this provides

improvements in services and processes to
maintain the value of the service for the customer
and business.

Each stage of the ITIL lifecycle has a set of structured
processes with activities to achieve a particular goal. The
processes start with defined triggers and inputs, which result
in defined outputs [2]. The processes of the ITIL Service
Design domain are:

e Design Coordination, a process that aims at
ensuring that the goals and objectives of the stage
are properly met and controlled by a single point of
coordination and control for all the other processes
and activities within this stage of the service
lifecycle,

e Service Catalog Management, a process
responsible for providing and maintaining a
consistent flow of information with regard to all the
services in operation, as well as the one that is still
being carried out to start the operation,

e Service Level Management, a process that seeks to
ensure that current and planned IT services are
delivered in accordance with the goals established
in the agreements,

e Availability Management, a process that is
designed to guarantee the availability levels for IT
services and in this way efficiently and effectively
meet the requirements for availability and service
level goals agreed with the customer or business,

e Capacity Management, which is responsible for
ensuring that services, service components and the
IT infrastructure have the required capacity and
performance and can operate in a timely and
efficient way, while justifying its costs,

e IT Service Continuity Management, a process
that manages business risks, which have the
potential to cause serious damage to IT services and
can draw up contingency plans and / or redundancy
to mitigate the possible efects of these risks,

e Information Security Management, a process that
seeks to align IT security with business security and
ensure the confidentiality, integrity and availability
of IT assets, information, data and services, as
agreed with the IT service provider, and

e Supplier Management, a process that must be
involved with all stages of the service lifecycle in
ITIL, because in this stage the suppliers are required
to design new and / or updated services and must
comply with their contractual obligations.

Owing to the limited space in scope of this paper, we
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decided to select the Design Coordination process of ITIL
Service Design. This process is structured in two categories
[13], each with its respective activities, namely:
e For the overall service design lifecycle stage:
- Define and maintain policies and methods,
- Plan design resources and capabilities,
- Coordinate design activities,
- Manage design risks and issues, and
- Improve service design.
e For each design:
- Plan individual designs,
- Coordinate individual designs,
- Monitor individual designs, and
- Review designs and ensure handover of service
design package.

C. The CMMI-SVC Model

The Capability Maturity Model Integration for Services
(CMMI-SVC) is a maturity model for assessing, defining,
implementing and improving the quality of an
organization’s processes and its ability to manage the
service. This model was created by the Software
Engineering Institute (SEI), and contains 24 Process Areas
(PA), 16 of which are core, 1 is shared and 7 are service-
specific process areas of CMMI-SVC. This model was
designed to meet the need for development and
improvement in the maturity of service practices and hence
make improvements in the performance of the service
provider leading to customer satisfaction [4].

In 2010, the CMMI version 1.3, which brings together
three constellations, was published by SEI: CMMI for
Development (CMMI-DEV), which deals with development
processes, CMMI for Acquisition (CMMI-ACQ), where
processes of acquisition are worked out, as well as
outsourcing of products and / or services, and CMMI for
Services (CMMI-SVC), aimed at improving service
processes.

There is a chapter devoted to describing the components
in the CMMI-SVC model. Understanding these components
is regarded by the model as a critical factor since it seeks to
ensure the use of the information is understood. These
components are grouped into 3 categories:

e Required Components - components considered to

be essential to achieve process improvement in a
particular process area, and comprising Specific and
Generic Goals,

e Expected Components - components that describe
the activities that are needed to achieve a required
component, and are formed of Specific and Generic
Practices, and

e Informative Components - components that help
the model to be understood, and thus have
components such as Subpractices, and Examples of
Work Products.

The CMMI-SVC consists of process areas (PA) with
specific purposes and goals related to each particular
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process area, as well as generic goals related to all the
process areas. Specific goals (SG) are also defined that refer
to the unique features of each process area and generic goal
(GG) responsible for defining the characteristics that are
common to all the process areas. For each specific goal, a
set of specific practices (SP) will be outlined, which are
activities that need to be completed to ensure that the goal is
satisfied in each PA.

The three CMMI-SVC process areas considered in this

harmonization are:

e Organizational Process Definition - the purpose
of this is to establish and maintain a usable set of
organizational process assets and work environment
standards. This process area includes the following
specific practices:

0 SP 1.1 Establish Standard Processes,

o0 SP 1.2. Establish Lifecycle Model
Descriptions,

0 SP 1.3 Establish Tailoring Criteria and
Guidelines,

0 SP 1.4 Establish the Organization’s
Measurement Repository,

0 SP 1.5 Establish the Organization’s
Process Asset Library,

o SP 1.6 Establish Work Environment
Standards,

0 SP 1.7 Establish Rules and Guidelines for
Teams,

e Organizational Process Focus - the purpose of this
is to plan, implement, and deploy organizational
process improvements based on a thorough
understanding of the current strengths and
weaknesses of the organization’s processes and
process assets. This process area includes the
following specific practices:

0 SP 1.1 Establish Organizational Process

Needs,

0 SP 1.2 Appraise the Organization’s
Processes,

0 SP 1.3 Identify the Organization’s Process
Improvements,

0 SP 2.1 Establish Process Action Plans,

0 SP 2.2 Implement Process Action Plans,

0 SP 3.1 Deploy Organizational Process
Assets,

0 SP 3.2 Deploy Standard Processes,

0 SP 3.3 Monitor the Implementation,

o0 SP 3.4 Incorporate Experiences
Organizational Process Assets,

e Integrated Work Management - the purpose of
this is to establish and manage the work and
involve the stakeholders concerned through an
integrated and defined process that is adapted to the
organization’s set of standard processes. This
process area includes the following practices:

0 SP 1.1 Establish the Defined Process,
0 SP 1.2 Use Organizational Process Assets

into
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for Planning Work Activities,

0 SP 1.3 Establish the Work Environment,

0 SP 1.4 Integrate Plans,

0 SP 1.5 Manage the Work Using Integrated
Plans,

0 SP 1.6 Establish Teams,

o SP 1.7 Contribute to Organizational
Process Assets,

0 SP 2.1 Manage Stakeholder Involvement,

0 SP 2.2 Manage Dependencies,

0 SP 2.3 Resolve Coordination Issues.

The CMMI-SVC model should be consulted for a better
understanding of the purpose of each specific practice [4].
This list of specific practices will be used in the section
describing the harmonization set out in this paper.

I1l. THE HARMONIZATION BETWEEN THE ITIL FRAMEWORK
AND CMMI-SVC MODEL

Both the ITIL framework and the CMMI-SVC model
share the same goal of providing the IT Managers and
organizations with a set of best practices to manage
information technology services of quality and create value
for the organization’s business area during the service
lifecycle. Although these models have different structures,
similarities can be found in the set of specific requirements
for the IT service management, as shown in Table I.

TABLE I. ELEMENTS THAT CAN INFLUENCE THE ITIL FRAMEWORK
AND CMMI-SVC MODEL
ITIL Elements CMMI-SVC Elements

Process Process Area

Objectives Specific Goals | Generic Goals
(SG) (GG)

Activity, Methods and | Specific Practices | Generic Practices

Techniques (SP) (GP)

Policies, Principles and | Subpractices Generic  Practice

Basic Concepts Elaborations

Triggers, Inputs  and | Example of Work Products (WP)

Outputs

In each service lifecycle, the ITIL framework has a set
of Processes, that are structured by a set of Activities to
achieve a certain objective. Similarly, the CMMI-SVC
model contains a set of Process Areas (PA), where several
Specific and Generic Practices, (component of the PA), are
described and must be implemented.

The Objectives element of the ITIL framework is
equivalent, in certain respects to the Specific Goals and
Generic Goals of CMMI-SVC. This is because they include
a set of characteristics that, must be identified in the
respective Process of the ITIL by the Objectives element
and in the Process Area of CMMI-SVC for the Specific and
Generic Goals before they can be certified by the model in
the organization. Similarly, the Activities, Methods and
Techniques of the ITIL framework include areas that must
be defined to achieve a specific result. This can be
compared to the Specific Practices and Generic Practices of
CMMI-SVC, because this includes the details of how to
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carry out a practice to meet the goals of the model.

Another similarity that was found refers to the elements
that are designed to provide guidelines for the appropriate
implementation process of the models. The fact that ITIL
framework is present in the Policies, Principles and Basic
Concepts and in the CMMI-SVC model, can be observed in
the Subpractices and Generic Practice Elaborations.

The Triggers, Inputs and Outputs of the ITIL framework
have similar objectives to the Example Work Products of
CMMI-SVC, since these elements must be sought during the
implementation process in each model to ensure that the
requirements have been met correctly.

The integration recommended by this paper refers to the
set of concepts in the ITL framework and the CMMI-SVC
model elements. It also includes the definition of a set of
equivalent technologies that assist in the evaluation and
improvement of IT products and services. In this domain,
there are tools, techniques, procedures, processes, roles,
methodologies, frameworks, languages, standards, patterns,
and so on.

It should be emphasized that the mapping between the
elements contained in the ITIL and CMMI-SVC were
validated through the same correlation in the work [8],
which confirms that the results for the relationship between
the elements defined in Table I is correct.

A. A Conformance Analysis of the Design Coordination
Process

The Design Coordination process in the category of
activities relates to the overall service design lifecycle
stage, where the standard service process that needs to be
adopted is constructed [13]. It includes the following
activities which are mapped in each subsection below.

1) Define and Maintain Policies and Methods

This activity is intended to ensure that a Consistent and
Accurate Design(s) for the Service(s) is produced in
accordance with the required business outcomes. When
made available in the IT Service Operational Environment,
it helps (and continues to help) the organization to achieve
its goals. To do this, this activity requires a Process Area
and Specific Practices (SP) of CMMI-SVC.

In the Organizational Process Definition (OPD) area,
SP.1.1 defines and maintains a set of standard processes that
can be instantiated to address a particular area of the
organization’s business. SP.1.2 attempts to describe the
lifecycle models that are suited to the needs of the
workgroup, the organization, the definitions of the service
standard and the environment. SP.1.3 is concerned with
drawing up the guidelines that will set out the procedure for
the conduct and execution of the defined process. These are
based on the information contained in the set of standard
processes and in the assets of the organizational process.
SP.1.4 aims to design and maintain the Organization
Measurement Repository which provides the necessary
information to understand and interpret the set of common
measurements for products and processes related to the set
of standard processes of the organization. Finally, SP.1.5
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designs and implements the organizational process asset
library, where the procedures are specified for the storage,
updating and retrieval of items such as policies, process
descriptions, procedures, development plans, and other
assets, as well as making these items available for use in
workgroups.

The coverage in the Define and Maintain Policies and
Methods activity was complete, because the CMMI-SVC
had met the requirements of this activity.

2) Plan Design Resources and Capabilities

The purpose of this activity is to plan the resources and
capabilities of the Design Coordination process, based on
the information obtained from the Service Portfolio
activities (Service Pipeline) and the Change Management
process of the ITIL Service Transition stage. This is because
this activity requires a Process Area and Specific Practices
of CMMI-SVC to achieve its goals.

In the Organizational Process Definition (OPD) process
area, SP.1.6 aims to establish and maintain a standard work
environment, i.e what resources are required for team work.
SP.1.7 allocates people to work in the process and defines
the assignments of these people.

There was complete coverage for the Plan Design
Resources and Capabilities, because the CMMI-SVC had
met the requirements of this activity.

3) Coordinate Design Activities

This area coordinates all the design activities in projects
and changes, management planning, resources, and conflicts
with suppliers and support teams when necessary. It thus
requires a Process Area and Specific Practices of CMMI-
SVC to achieve its goals.

In the Integrated Work Management (IWM) process area,
the aim of SP.2.2 is to manage the task dependencies
between the activities of the process, since these depend on
the inputs of other activities for their execution and must be
carefully managed to avoid process gaps. Thus, the SP
identifies any critical dependencies and plans the work
schedule, while taking account of these critical variables in
the process.

The coverage of the Coordinate Design Activities was
complete, because the CMMI-SVC had met its
requirements.

4) Manage Design Risks and Issues

This activity is responsible for assessing risks in design,
technical management, managing the risks involved in
design activities, and tackling the number of problems that
might be subsequently traced to poor design. It requires a
Process Area and Specific Practices of CMMI-SVC to
achieve its goals.

In the Integrated Work Management (IWM) process area,
in SP.2.3 the task of management entails the identification,
follow-up (status) and communication of the person
responsible for tackling and solving the problem.

The coverage in the Manage Design Risks and Issues
activity was complete, because the CMMI-SVVC had met the
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requirements of this activity.
5) Improve Service Design

The purpose of this activity is to ensure that there is a
continuous awareness of the goals and objectives of the
service design phase to improve the effectiveness and
efficiency of service design activities and processes. This
activity requires a Process Area and Specific Practices of
CMMI-SVC to achieve its goals.

In the Organizational Process Focus (OPF) process area,
SP.1.1 records the needs and goals of the organizational
process in the context of the business to ensure that it is
fully understood. SP.1.2 evaluates and delivers the results of
the documents needed with regard to methods and
evaluation criteria. These include the following: the CMMI
process model, the International Organization for
Standardization (ISO) or benchmarking. SP.1.3 seeks to
discover if there is a need for improvement in the processes
and process assets of the organization and involves training
for teams, and improvement of the tools used, among other
factors. In SP.2.1 the focus is on how to enable the
organization to establish and maintain plans for
improvement. These are subsequently implemented in
accordance with the organizational needs defined in SP.2.2.
SP.3.1 plans, records and executes the implementation of
the Organizational Process assets and their changes, as well
as determining what resources are needed to support this
implementation and thus ensure its compliance with the
organization’s current goals and objectives. The aim of
SP.3.2 is to implement the organization’s standard
processes, and work groups, by periodically updating them,
and incorporating the latest changes made to the
standardization. This ensures that all the work activities can
benefit other work groups in the process. SP.3.4 attempts to
bring about improvement in the planning and execution of
the organizational process and in particular, the lessons
learned, measurements periodically measured, and records
of improvements in the organizational process activities.

The coverage in the Improve Service Design activity was
complete, because the CMMI-SVC had met the
requirements of this activity.

With regard to Design Coordination Process in the
category of activities relating to each individual design,
each process must be instantiated to allow a service project
to be implemented [13]. This includes the following
activities, which are mapped in each subsection below.

1) Plan Individual Designs

This activity involves carefully planning each individual
project or change to ensure the required business results are
obtained. This activity requires a Process Area and Specific
Practices of CMMI-SVC to achieve its goals.

In the Integrated Work Management (IWM) process area,
SP.1.1 seeks to define and maintain a process in accordance
with its contractual obligations, operational needs,
opportunities and constraints. SP.1.2 uses the tasks and
work products of the process defined for the work as a basis
for planning the work activities. SP.1.3 seeks to plan, design
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and implement a work environment, in terms of its
equipment, tools, facilities, operations and manuals. SP.1.4
is concerned with the management of integrated work plans,
and ensuring the controlled participation of human resources
in integrated projects to avoid labor conflicts. The objective
of SP.1.6 is to form the teams that will work in the process.

The coverage in the Plan Individual Designs activity was
complete, because the CMMI-SVC had met its
requirements.

2) Coordinate Individual Designs

This activity is often carried out by a project manager or
someone else with direct responsibility for the project. He /
she is also responsible for making changes in the
coordination of activities and in the instantiation of the
standard process in response to the customer’s demands.
This activity requires a Process Area and Specific Practices
of CMMI-SVC to achieve its goals.

In the Integrated Work Management (IWM) process area,
SP.2.1 undertakes the management and scheduling of the
collaborative activities of the stakeholders (the integrated
work plan has already been defined in SP.1.4). The
coordination of people’s dependencies and the negotiation
of critical issues (contingencies) is carried out in SP 2.2 in
case there is a need to change the agenda and introduce
collaborative schedules for the stakeholders. SP.2.3 is
designed to tackle issues that are important for the
stakeholders. The ability of the appropriate manager to
solve these problems depends on their scale.

The coverage in Coordinate Individual Designs was
complete, because the CMMI-SVC had met the
requirements of this activity.

3) Monitor Individual Designs

The purpose of this activity is to monitor all aspects of
the project to ensure the following: a) the agreed methods
are being adhered to, b) there is no conflict of interest with
other ongoing design projects, c) the website design
milestones are reached, and d) the development of a design
is comprehensive enough to support the required
organizational results. This activity requires a Process Area
and Specific Practices 