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Abstract— This Research to Practice Full Paper presents
that theoretical subjects are a major concern for researchers in
the teaching and learning process, especially in how to improve
them so that trained professionals have the necessary skills to
act. In the study area of Information Technologies, one of the
subjects that is framed in this reality is that of software
process. The software production industry considers it
essential to increasingly improve its software development
processes, so that different models were created for this
purpose, such as CMMI (Capability Maturity Model
Integration) and MPS.BR (Brazilian Software Process
Improvement Model), and norms such as ISO / IEC
(International Organization for Standardization / International
Electrotechnical Commission), pursuing this objective. In the
consultation carried out from a survey of professionals with
experience in the software market, it was seen that recent
graduates need complementary courses to meet the skills
required in the profession. In order to solve this situation, the
following research questions were formulated: (i) What
strategies can be used to teach the software process? (ii) How
to use these strategies in the classroom? The main objective of
this work is to describe, from a catalog, how to use the main
strategies adopted for teaching and learning the software
process. For the development of this research, a literature
review was carried out in the main qualified conferences in the
area of teaching in Information Technology with the collection
of studies dealing with teaching on software process. After that,
a description of each teaching strategy was carried out,
identifying how to adopt it in the classroom and its example of
use in the literature. The strategies covered by the catalog are:
Flipped classroom, Project-based learning, Gamification,
Serious games, Workshop, Software factory, Playful resources
and Scrum Methodology. As a way of evaluating the catalog, a
peer review was developed, based on the following steps: (i)
planning, where the experts were identified and the creation of
the questionnaire was developed; (ii) execution, with
consultation with experts in the area of software process and
teaching and learning from questionnaires; (iii) analysis and
summary, where the experts' information was collected and
analyzed and deliberated with due justification as to whether
or not they would be implemented in the catalog. The main
contribution of this work is a catalog evaluated by experts
covering the description of how to adopt the strategies for
teaching software process, based on the mapping of qualified
literature, as an example of execution.
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I. INTRODUCTION

Theoretical subjects are a major concern for researchers
in the teaching and learning process, especially in the way
they improve so that trained professionals have the necessary
skills to act [1]. Within the area of teaching and learning, we
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can observe several researches to improve this process,
through new approaches to knowledge, one of which came
into evidence are the student-centered approaches [2, 3, 4].

In Information Technologies one of the subjects that is
framed as theoretical is that of software process [1]. In
general, we can observe a concern with the trained
professionals needed, for not having the necessary skills to
work in the job market [5, 6, 7]. In contrast to this reality, the
software production industry considers it essential to
increasingly improve its software development processes, so
much so that models have been created, CMMI (Capability
Maturity Model Integration) [8] and MPS.BR (Brazilian
Software Process Improvement) [9], and standards such as
ISO series (International Organization for Standardization)
[10, 11], pursuing this goal.

In view of the research context, the following guiding
questions were formulated: (i) What strategies can be used to
teach the software process, using centered-student approach?
(i) How to use these strategies in the classroom? Therefore,
this work aims to describe, from a catalog, how to use the
main strategies adopted for teaching and learning the
software process.

The paper consists of: this introductory section, with
context, justification, research question and objective,
Section 2 with the theoretical background, containing
information on teaching and learning and the software
process, Section 3 presents some related works to this
research, Section 4 presents the literature review used as
research methodology, containing the planning, execution
and summary of the results, Section 5 presents a catalog of
teaching strategies in the software process, containing
discussions about the collection of literature in the formation
of a catalog to assist the teacher, Section 6 presents the
evaluation of this catalog by the peer review technique, and
Section 7 presents the conclusion and future works.

II. BACKGROUND

This section presents the theoretical
necessary for a good understanding of this paper.

background

A. Teaching and Learning

Teaching and learning is a discussion of great importance
for the development of students in skills necessary for the job
market [1]. Over the years, several approaches have been
proposed to deal with the theme [12]. One of the approaches
that gained prominence due to the number of strategies
linked to it is the student-centered approach [12].

The student-centered teaching methodology allowed a
change to the paradigm already established in education [2].



This is due to the fact that the traditional study, that is,
centered on the teacher, had as objective only the transfer of
knowledge [3]. The student-centered approach, on the other
hand, makes it possible for the student to play a leading role
in the teaching and learning process, as well as valuing
educational, professional and personal knowledge and
growth [2, 3]. This reality does not exempt the teacher from
the responsibility, which remains a fundamental part, since it
guides the student towards the construction of knowledge [2,
3].

The student-centered approach envisages that it will be
the center of the teaching and learning process. Some of
these strategies will be present in the catalog, such as: flipped
classroom [3], project-based learning [2], gamification [24],
serious games [4, 29], workshop [12], software factory [33],
playful resources [34] and scrum methodology [35].

B.  Software Process

According to the SWEBOK (Software Engineering Body
of Knowledge) guide [13], the software process is
conceptualized as a set of interrelated activities and tasks that
transform input work products into output work products. To
define the software process, the same guide will inform it of
the need for necessary inputs, transforming work activities
and generated outputs. It is worth noting that activities can be
broken down into smaller tasks.

According to [13], a software process can include
subprocesses, that is, in the development of a software, have
a subprocess specified only on requirements collection and
validation, or else a subprocess only for software validation
and verification. Another point to be dealt with about the
process is its notation, which according to the authors are
through may include textual lists of activities and constituent
tasks described in natural language, data flow diagrams,
BPMN (Business Process Modeling Notation) and activity
diagrams in UML (Unified Modeling Language).

III. RELATED WORKS

Teaching and learning within the area of software
engineering has become evident. In this aspect, we have the
development of some works [14, 15] that report the
development of catalogs for use in the teaching and learning
process.

In [14] there is the development of a teaching catalog
through educational software for computer programming,
which was generated through systematic mapping. In our
analysis, we observed the restriction of the mapping
performed because it adopts educational software as a
reference only.

In the work of [15], it was developed a literature review
on game evaluation with regard to software engineering and
learning. In this study, the content worked on in these games
is identified, which is software project management. In our
analysis, we observed the review restriction only for games,
as it could work with other forms of learning evaluation.

Therefore, within the area of software engineering with
regard to software process, we do not yet have a catalog with
student-centered teaching strategies as to assist teachers in
this subject.

IV. LITERATURE REVIEW

Literature review is the means by which the researcher
can identify the scientific knowledge existing in a given area,
in order to plan his research, avoiding the duplication and
repetition of past mistakes [16].

The chosen review format is ad-hoc, as it allows it to be
performed freely, but with established criteria, they are: (i)
content, which is teaching, software process and quality, (ii)
time, which is 5 years from 2015 to 2019, (iii) search venue,
which is qualified conferences for computer science, which
are in the area of teaching, education and computer science.

A. Planning

In planning the review, the first item to be considered is
the research question is identified as one of the ways to guide
the review work to identify in the literature whether there are
already described approaches, or the possible gap's to
conduct research. Therefore, for this work we have the
following research question: (QP01) What are the main
approaches to support the teaching and learning process or
software quality in the context of undergraduate and graduate
courses in Information Technology, which are centered in the
student and with industry training practices?

Another point to be considered is the identification of the
search sources and the scope of the research. In this sense,
the research was carried out manually in the main
conferences on Software Engineering, Teaching and
Education, which are qualified for Computer Science. The
choice for the general scope of Software Engineering is
because, as indicated in the ACM / IEEE (Association for
Computing Machinery / Institute of Electrical and
Electronics Engineers) curriculum [17] and the base
document for Information Technology courses at SBC
(Brazilian Computer Society) [18] is the general area on
subjects related to the contents on Software Process and

Quality.

During the collection process of primary studies, access
via a Federal University in Brazil was adopted, through the
periodical CAPES (Coordination for the Improvement of
Higher Education Personnel) in Brazil, which allows access
to published and indexed papers on the conferences. The
selected conferences for computer science are available in
Table 1.

B. Execution

The review was carried out as follows: (i) each of the
conference proceedings was consulted from 2015 to 2019 for
the inclusion of paper, (ii) adherence to the research question
was visualized, that is, it needs to be an approach to teaching
software process or quality, and (iii) during the search, titles,
abstracts and, if necessary, even parts of the study were read
as a way to identify their inclusion in the research.

C. Summary of results

For the extraction and synthesis of the data, an evaluation
model was adopted for each of the included papers,
according to the following topics: strengths, weaknesses,
limitations, methodology adopted, the contribution and
future work. In the analysis of the points extracted from the
papers, the synthesis and thematic analysis proposed by [19]
was adopted, where the themes associated with each topic
where the paper was evaluated were identified. This study
selected a total of 29 papers relevant to the research question,



as shown in Table II. It is noteworthy that the CSEE&T
conference did not take place in 2018, so the table shows “-”
instead of “0”.

TABLE L CONFERENCES USED IN THE AD-HOC REVIEW.
Acronym Name
ICSE International . Conference on
Software Engineering
CSEE&T Confergnce on Softvyare Engineering
Education and Training
Conference on Innovation and
ITICSE Technology in Computer Science
Education
International Conference on
CSEDU Computer Supported Education
ACM Technical Symposium on
SIGCSE Computer Science Education
International Conference on
ICSOFT Software and Data Technologies
SBIE Brazﬂlan 'Sympos1um on Informatics
in Education
Brazilian Symposium on Software
SBQS Quality
SBES Braglllan' Symposium on Software
Engineering
IEEE  Frontiers in  Education
FIE
Conference
WEI Workshop on Computer Education
TABLE II. INCLUSION OF STUDIES PER YEAR.
Acronym 2015 (2016|2017 2018|2019 | Total
ICSE 0 2 0 0 0 2
CSEE&T 0 0 1 - 0 1
ITICSE 0 0 0 0 0 0
CSEDU 0 0 0 0 0 0
SIGCSE 0 0 0 0 1 1
ICSOFT 0 0 0 0 0 0
SBIE 1 0 2 0 0 3
SBQS 1 0 0 4 2 7
SBES 2 0 2 1 2 7
FIE 0 2 1 0 1 4
WEI 0 1 0 0 3 4

As the original objective of the article is not to present
the literature review with its results, this information can be
consulted in the research by [20].

V. A CATALOG OF TEACHING STRATEGIES ON SOFTWARE
PROCESS

This section describes the catalog with strategies for
teaching and learning in the software process.

A. Catalog Identification

The identification of the catalog informs its authors and
that it is an integral part of a doctoral research underway at a
Brazilian Federal University. In addition, it indicates that its
constitution was carried out through a literature review.

B.  Description of Catalog Sections

The catalog consists of teaching strategies divided into
sections. Within each specific section is the necessary
information on each of the teaching strategies, as well as: a
brief description, how to use it?, which indicates the
methodological procedures, necessary infrastructure and the
evaluation process, and examples in the literature.

1) Flipped Classroom: The flipped classroom is the
inversion of events and roles inside and outside the
classroom [3]. In this teaching strategy, the teacher has the
role of mediator of knowledge, while the student has the
role of propagator of knowledge. Within the classroom,
debates, simulation, group work, problem solving are
stimulated, so we consider it as the active student for the
development of its activities and tasks. In the external
environment of the classroom, the student is invited to seek
alternative knowledge materials on the subject as a way to
stimulate his ability to debate.

a) Description: Baker initially coined the active
methodology of the flipped classroom in the literature
through the term “Flipped Classroom” at an international
conference on education. However, the origin of the
approach dates back to 1991 adopted by Eric Mazur, which
was later published in 1997 through the book “Peer
instruction: a User’s Manual”. In this first version of the
approach, we had the concept of students carrying out a
prior study of the material in order to make conceptual tests
in class.

b) How to use it?: The methodological procedures
within the flipped classroom are: (i) teacher prepares the
base materials, (ii) students access the content before class,
(iii) in class, the division of themes by group, (iv) in class a
discussion section on the main points and clarification of
doubts, (v) outside the classroom, students prepare
presentations with the basic contents and new materials
researched, and (vi) in the classroom, the groups present the
contents and deliver a written report of the contents adopted.

The necessary infrastructures for using the flipped
classroom are: brush and blackboard, multimedia resource,
such as presentation projector and an environment that can
be an extension to the classroom, as a way to provide the
necessary content.

The evaluation process will take place in three steps: (i)
participation in the initial debate class on the theme, carried
out by the teacher, (ii) peer review carried out by classmates
with pre-established criteria, between teachers and students,
and questions to colleagues about the content presented, and
(ii1) evaluation of the knowledge produced reports that
accompany the presentation sent by the student, made by the
teacher.

¢) Examples: The examples collected in the literature
review are [21, 22], and a better description can be found in
[20].

2) Project-Based Learning: Project-Based Learning
(PBL) is an active and collaborative methodology in which
students must form groups, which are called research or
investigation tasks [2]. The purpose of this type of
methodology is to stimulate students' critical thinking,
leading them to collect information, formulate and refine
questions, make predictions and share their ideas and
conclusions with colleagues. In addition to being a teaching



strategy that can increase students' motivation, contributing
to the development of skills and promoting learning
centered on the figure of the student.

a) Description: Project-based learning considers the
profile of the teacher as a mediator of knowledge, where he
is to assist in the structure and guide in the development of
the project, but does not do the project. The student has an
active profile, as he will develop the activity, identifying
points for improvement and discussing the evolution with
his colleagues.

b) How to use it?: The methodological procedures
within project-based learning are: (i) the teacher prepares
the base materials, (ii) students access the content before
class, (iii) in class, the division of themes by group, (iv)
starting of the design of the project still in the classroom,
with questions section, (v) outside the classroom students
develop the project with a report on the results achieved,
and (vi) in the classroom, the groups present the results
obtained with the completion of the project and learning
lessons.

The necessary infrastructure for using the PBL are: brush
and blackboard, multimedia resource, such as presentation
projector and an environment that can be an extension to the
classroom, as a way to provide the necessary content.

The evaluation process will take place in three steps: (i)
presentation of the project's results in class, (ii) peer review
carried out by classmates with the pre-established criteria
with the teacher on the presentation of the project results, and
(iii) evaluation of results reports by the teacher.

¢) Examples: The examples collected in the literature
are the studies of [23, 24], and a better discussion can be
found in [20].

3) Gamification: Gamification is the use of game
elements in non-game contexts [25]. In general, adopting
gamification encourages competition, collaboration and
motivation of students in the teaching and learning process.

a) Description: The game elements allow for a more
stimulating classroom environment for the students' learning
process. For the content of the software process, we
recommend adopting the following game elements:

(i) The rules of the game, right at the beginning of the
subject there will be a class presenting the elements
composed of this teaching plan and how the student
can be approved or failed within the subject,

(ii)) The epic narrative in the theoretical class with
concept maps, identifying and contextualizing the
importance of that content for the student within the
course and in the job market,

(iii)) The score, which corresponds to activities
performed correctly within the subject the student
will receive this element,

(iv) Ranking, a visualization available to the student of
how they are doing within the subject and in relation
to their colleagues,

(v) Use of an avatar in the personification of the flipped
classroom,

(vi) Feedback, delivery to students of their progress
within the subject, as well as verification by the
teacher about the strategies adopted.

b) How to use It?: The methodological procedures for
the development of gamification will be: (i) development of
the initial class with all the rules of the game, (ii) use of the
epic narrative in the theoretical and practical class, (iii)
definition of the score for each activity developed within the
subject, (iv) programming of the electronic spreadsheet to
generate the class ranking automatically, (v) availability of
the flipped classroom for the use of an avatar, (vi)
availability of the ranking and the correction map of
activities via the flipped classroom, and (vii) individual
submission of the correction for the scored activities
performed.

The necessary infrastructure for the development of
gamification is the flipped classroom, a device with an
internet connection and document software and spreadsheet.

The evaluation process of gamification runs through all
other teaching strategies adopted in the classroom, since the
grade given to the student will be the accumulation of points
within the gamification.

¢) Examples: The examples collected in the literature
are the studies of [24, 26, 27, 28], and a better discussion
can be found in [20].

4) Serious Game: Serious games in the literature as a
serious game can be defined as a game with purpose. A
game has the following characteristics: goals, feedback
system rules and voluntary participation.

a) Description: The difference in gamification for
serious games is their range and format. In games, students
need to have a clear goal, the rules that will be supporting
them in the classroom, constant feedback on their evolution
within the game and have their voluntary participation.
Within gamification it can choose game elements, which
can be the characteristics and adopt them in the classroom.

b) How to use it?: The methodological procedures for
the adoption of serious games in the classroom are: (i)
define the goal to be achieved in the game, (ii) define the
content which will be treated in the game, (iii) define which
rules will make the player reach that goal, (iv) definition of
the feedback system, verifying how to present to the
students their performance within the game, (v) check points
that allow the game to be playful within the classroom, (vi)
use the game developed in the classroom environment, and
(vii) conduct an evaluation to see how the students' learning
was.

The necessary infrastructure for the development of the
game depends on its planning and how it will be executed,
for example: (i) for electronic games, students will have to
have access to devices, (ii) for instructional games, only the
classroom environment is sufficient.

For games in the classroom, it is suggested not to imply
evaluative grades since they should show this playful
experience. However, in order to evaluate students'
knowledge, it is worth applying knowledge tests after the
moment of playing in the classroom.

¢) Examples: The examples collected in the literature
are the studies of [4, 29, 30, 31, 32], and a better discussion
can be found in [20].



5) Workshop: A workshop is an intensive course or
seminar of short duration, where technical procedures and
forms of use, are explained and applied.

a) Description: The use of the workshop for
education is a way to make knowledge practical, that is, to
use that knowledge in a controlled classroom environment.

b) How to use it?: The methodological procedures
necessary for the implementation of the workshop in the
classroom are: (i) definition of the content to be worked on,
(i1) check how it can be worked in a practical way, either in
the literature or through the knowledge arising from the
labor market, (iii) identify the best way to work it in the
class, (iv) present the content in a practical way, and (v)
asking students to execute the content in a practical way,
following the teacher's examples.

The necessary infrastructure for the development of this
teaching strategy depends on the adopted planning, we have
as examples: oral presentation of a content, in this situation
the infrastructure already present in the classroom supplies
the need.

The evaluation of the workshop is the analysis of the
execution performed by the student of the technique or
knowledge taught in a practical way inside the classroom.

¢) Examples: The example collected in the literature
is the study of [12], and a better discussion can be found in
[20].

6) Software Factory: A software factory within an
academic environment is a way to provide students with an
experience of the labor market within the academy.

a) Description: The software factory within the
teaching of software process is the adoption of a software
process organization within a classroom, with the definition
of the roles of the team, how the software development
process will be modeled, a quality model or standard, how
to meet growing customer demands. Therefore, the software
factory is configured as a simulation of a corporate
environment within the classroom.

b) How to use it?: The ideal form for the development
of a software factory is: (i) definition by the teacher of the
scope and goal required for the factory, (ii) development of
a real software development context, which the students had
to perform, (iii) delivery of the context as well as the scope
of the factory and its goal for the student team, as well as
solving doubts and scheduling development milestones, (iv)
checking the progress of the project through scheduling the
milestones, and (v) delivery of the presentation software to
the class.

The necessary infrastructure for the software factory are:
(1) notebooks, for the development of software and work
prodcuts, (ii) blackboard and brush, for the teacher to present
the hypothetical situations.

Evaluation within the software factory is how students
perform their role within the process, as well as how they
will define the software role and process collectively.

¢) Examples: The example collected in the literature
is the study of [33], and a better discussion can be found in
[20].

7) Playful Resources: Playful resources are elements
that will bring fun to students while learning about certain
content.

a) Description: The use of playful resources in the
classroom allows the formality imposed by the environment
to be more relaxed, such a situation is necessary for the
student to be more open to the learning process.

b) How to use it?: The methodological procedures for
using playful resources in the classroom are: (i) definition of
the content to be addressed, (ii) identification of the
objective to be achieved when using that resource, (iii)
planning a dynamic, which allows fun among students, and
(iv) adoption of dynamics in the classroom.

The necessary infrastructure for the development of the
resource depends on the planning of the activity adopted for
the classroom.

For this teaching strategy, as students are expected to
participate more without imposing a grade, a score for
participation in the activity is appropriate.

¢) Examples: The example collected in the literature
is the study of [34], and a better discussion can be found in
[20].

8) Scrum Methodology: Jeff Sutherland created The
Scrum methodology in 1993 observing the writings of
Takeuchi and Nonaka, where a comparison of the high
performance teams was made to the existing “Scrum”
formation in the Rugby teams.

a) Description: The Scrum methodology is a Lean
approach to project management, mainly in software
development. Scrum is a framework that is classified as an
agile methodology.

b) How to use it?: The methodological procedures for
the development of the scrum methodology in the classroom
are: (i) the teacher describes the context in which the project
will be developed, as well as necessary requirements, (ii)
definition of the roles of the methodology, (iii) initial
meeting with the product owner, (iv) sprint planning
meeting, (v) daily meeting of 10 minutes to check the
development of the project, (vi) sprint review meeting
identifying which items were delivered and which were not
possible, and (vii) return to step iv until the product is fully
delivered to the customer.

The necessary infrastructure for the development of the
Scrum methodology is: (i) notebooks for software
programming, (ii) framework to simulate the backlog, and
(iii) letters to execute the planning pocker.

The evaluation of this methodology will be based on the
student's role in which he was involved.

¢) Examples: The example collected in the literature
is the study of [35], and a better discussion can be found in
[20].

C. How to use the Catalog?

The instructions for using the catalog are so that teachers
can make better the use of this. Therefore, we indicate if they
need the full use of the strategy, since it has its description,
the methodological procedures, infrastructure and evaluation
process, as well as at least one example in the literature to
take as a basis.



VI. EVALUATION OF THE CATALOG

The strategy catalog was evaluated using the peer review
technique. Peer review can be considered as the most
effective and efficient mechanism to guarantee the quality,
reliability, integrity and consistency of academic literature
[36]. Information on using this procedure will be detailed in
the following subsections.

A. Planning

The planning of the peer review took place in two steps:
(i) definition of the data collection instrument, where it is
possible to ascertain the expertise of the consulted
professional in relation to student-centered approaches and
software process, as well as the format adopted will be
described for the evaluation of the teaching plan, and (ii)
research and choice of professionals to carry out the peer
review in the catalog.

B. Execution

The review was carried out using the following steps: (i)
consultation with the professional if he / she agrees to
participate in the peer review, (ii) submission of the
evaluation form as well as a strategy catalog, (iii)
presentation of the catalog for the expert, made by the
researcher, (iv) completion of the instrument and indication
of the necessary changes in the strategy catalog, and (v)
analysis of peer statements about the document.

C. Abnalysis and Summary

The analysis of the peer review begins with the
identification of the participant's profile. This first part of the
instrument collected information such as software process
teaching in undergraduate courses, use of student-centered
approaches within the classroom, which approaches were
taken when teaching. With this information, it is possible to
state that the participant is an expert both in the software
process and in student-centered approaches.

The review form had the second section with instructions
for evaluating the strategy catalog, where the pair indicated:
(i) the category, identified in the instrument, which could be
high technician, low technician, editorial, questioning and
general, (ii) the catalog item with any problem, which is the
location within the catalog that needs revision or change, (iii)
justified comment on the need for adjustment, and (iv)
suggestion, a form of adjustment indicated by the expert.
This section generated Table III.

Table III identifies the revisions made by the expert in
the strategy catalog, as a way of improving all the indications
were made according to the suggestions sent by the expert.

VII. CONCLUSION AND FUTURE WORKS

The software process subject is framed as theoretical.
However, in general we have trained professionals who do
not meet the profile of skills in the job market, as we
identified in the search for information through the literature.
On the other hand, the software industries increasingly seek
to specialize in the development of processes through quality
models and standards for the software process.

This work aimed to describe, from a catalog, how to use
the main strategies adopted for teaching and learning the
software process. We achieve this goal by conducting an
almost review of the literature and describe 8§ teaching

strategies with student-centered approaches and examples of
use within the literature.

TABLE IIL. ITEM TO BE SOLVED AFTER PEER REVIEW
Comment
Category Item with Suggestion
Justification
Presenting the
teaching
. The teachin strategies in
Description . & ce
strategies detail by
Low of .. .
.. . were not reviewing their
Technician | Teaching .
. well methodological
Strategies .
detailed. procedures,
infrastructure
and evaluation.
Refering to
There is no studies that
reference to | deals with the
studies literature
Example of . .
found in the | review used to
Low Use of .
.. . specialized understand the
Technician | Teaching ;
. literature to references used
Strategies
be used as as examples to
examples of | compose
use. teaching
strategies.

Therefore, through the 8 teaching strategies we were able
to answer the first research question (i) about which
strategies we can adopt to teach software process, with a
student-centered approach. To answer the second research
question (ii), which is how to use these strategies in the
classroom, we have the formulation of the catalog with an
indication of conceptualization, how to use it and an example
from the literature.

Future work after making the catalog is the development
of teaching plans for the software process subject, adopting
the strategies collected and expanding the collection universe
for journals and conferences in the computer science.
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