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Abstract. The teaching of software engineering and specifically the require-
ments engineering, presents some particularities that require the use of strategies
to encourage students to hold on to the principles of this important discipline in
software development. Therefore, an investigation is presented in which
methodological and pedagogical guides are created and applied in order to
improve quality in the teaching and learning process of software engineering.
These guides were designed based on three fundamental inputs which includes,
first, an understanding of a diagnosis of the current situation in the degree
program in Systems and Computer Engineering of the Universidad Pedagogica
y Tecnoldgica de Colombia (UPTC), thereafter, identified the teaching strategies
suitable for this discipline and finally aligned it with the topics established in the
Software Engineering Body of Knowledge (SWEBOK) guide. As a result, a
series of templates for the creation of the class guides was obtained as well as a
set of guides used in the validation process, and fundamentally, its contribution
to the academic process in the Requirements Engineering was identified.
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1 Introduction

Software engineering is becoming more and more changeable, adaptable and updat-
able, according to the evolution of technology. It has become necessary to generate and
apply new concepts, techniques and theories on how to plan, analyse, design, build and
test softwares [1], as well as the teaching of this discipline and being at the same level
with these updates. The SWEBOK guide [2] proposes a series of themes and guidelines
which can be applied to Educational concepts and one of the proposed area is
Requirements Engineering, which presents fundamental theoretical and practical
aspects in software development. This document describes the process of creating and
applying a series of guides in the teaching of Requirements Engineering in a Systems
and Computer Engineering Program at the Universidad Pedagodgica y Tecnologica de

Colombia (UPTC) [3].
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In the beginning, a study was conducted on the situation in the area of Require-
ments Engineering before the implementation of the guides, addressing the state of the
contents, pedagogical strategies used and learning achieved, based on different infor-
mation extraction methods and as a reference to the contents and strategies proposed by
the SWEBOK Guide. Later, the analysis of different pedagogical strategies useful to
the teaching process of the Requirements Engineering area are presented, which
allowed to propose a Learning - Teaching model that integrates the contents proposed
by the SWEBOK guide and the pedagogical strategies in accordance with the disci-
pline. Finally, the process of applying the guidelines developed for this purpose and the
validation of the model to verify the feasibility of it in the Academic Program of
Systems and Computer Engineering is described.

From the above, a series of templates were generated that use pedagogical strategies
to be applied in the construction of guides that allow students to expand their
knowledge and to broaden their interest and learning in the area of Software Engi-
neering, specifically Requirements Engineering. These templates were used for the
generation of pedagogical workshops that applied the themes and strategies posed in
this work and that aim to achieve an improvement of the Learning-Teaching process in
the area of Software Requirements in the academic context.

2 Background and Preliminary Aspects

This section presents some important preliminary aspects about Requirements Engi-
neering in the Systems and Computer Engineering Program and in the SWEBOK
guide.

2.1 Contextualization of the Requirements Engineering in Systems
and Computer Engineering Program of the UPTC

One of the purposes of this research work is to contribute to the optimization of the
teaching-learning process of Software Engineering based on the SWEBOK guide,
which is based on the identification of the current state of the Requirements Engi-
neering area of the Systems and Computer Engineering Program of the UPTC, as well
as the distribution and location of the them within the academic context. Taking into
account the above, two techniques are mainly applied to the collection of information
such as documentary exploration and interview, which at the end was applied to
students as well as teachers of the program and from the information collected, this was
obtained:

In the academic program case study, there is the Academic Educational Plan, which
is the document that regulates various academic and legal aspects, among these are the
programmatic content of the subjects, area distribution, credits and modalities of work,
among others. The Academic Educational Plan proposes within its structure the dis-
tribution of contents in four areas: General, Interdisciplinary, Discipline and Expan-
sion. Specifically for the disciplinary and expansion area, the areas addressed are
presented in Fig. 1.
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Fig. 1. Distribution and expansion disciplinary area [4]

As shown in Fig. 1, 12% of the subjects belong to the Software Engineering area,
and within this, the first subject is Requirements Engineering, found in the fifth
semester and whose topics are distributed in 5 units as shown in Fig. 2.

( Unit 1
Software Engineering

Requirements
engineering

Unit5s
Requirements Standards
and specifications

’ Unit4

Textual specifications
of the requirements

Fig. 2. Requirements engineering subject content distribution [4]

However, in the development of the subject between the period 2012-2014, and
according to the results of the surveys applied in 2014, it was identified that the most
used strategies are those corresponding to theoretical modalities: Exhibitions (Pre-
sentations), debates, project-based learning, panel discussion, which has led to the fact
that knowledge is not assimilated in the best way, and even if students pass the subject,
there are gaps that lead to deficiencies in professional performance.

2.2 SWEBOK

SoftWare Engineering Body of Knowledge (SWEBOK) is understood as a concrete
compendium about the areas related to Software Engineering, in order to educate new
generations about the approaches and uses of this guide [5]. It is for this reason that it has
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been applied to such diverse areas, highlighting aspects of the academic part of Software
Engineering, to touch aspects related to the industrial process of software development.
Essentially, SWEBOK is a guide proposed and approved by the IEEE Computer
Society, ISO, CEI and others, with the purpose of gathering criteria that establish the
accepted knowledge in software engineering, in such a way that from it, suitable
practices are established to carry out a good process of development of solutions or
software products, establishing ten fundamental areas that are presented in Fig. 3.

1. Software 2. Software 3. Software

Requirements Design Construction 4. Software Test

. 6. Software 7. Software 8. Software
5. Software

Maintenance

Configuration Engineering Engineering
Management Management Process

9. Software

Engineering 10. Software
Tools and Quality
Methods

Fig. 3. Knowledge areas of software engineering according to SWEBOK

Regarding the area of Requirements Engineering, SWEBOK proposes some gen-
eral contents that include: fundamentals of software requirements, Requirements Pro-
cess, requirements elicitation, requirements analysis, requirements specification,
requirements validation and practical considerations.

3 Pedagogical Guidelines Developed in the Research

From the study of pedagogical strategies useful in the teaching process in software
engineering and diverse experiences, some guidelines are proposed to promote the
optimization of the process in the area of Requirements Engineering. Below is a
overview of some pedagogical strategies and then the process of construction of the
pedagogical guides are described later.

3.1 Types of Pedagogical Strategies

There are several proposals regarding the compilation of pedagogical strategies, one of
these is Bloom’s taxonomy [6—8] which includes six components (Knowledge,
Understanding, Application, Analysis, Synthesis, Evaluation), and from three of these
are the grouping of certain strategies (See Fig. 4) [4].
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Fig. 4. Strategies by level of taxonomy

3.2 Construction of Pedagogical Guides

A group of specific strategies is selected that can be applied in such a way that they
allow to cover the levels of understanding, application and analysis, which foster the
assimilation, appropriation and integral evaluation of learning in the students. Addi-
tionally, the strategies are grouped taking into account that some may be implicit in
others therefore the following basis are taking into account:

Writing

Presentations

Visual representations

Key examples (Inductive learning)

Test

Discussion

Puzzle technique

Roleplay

Projects

Algorithms

Based on these strategies, the teaching templates are structured, based on the
guidelines of the SWEBOK Guide, and which considers certain aspects for each
selected strategy, which is aimed at helping the teacher to give the necessary focus to
optimize the learning and development of skills, abilities and motivation in students at
a maximum level. As for the proposed templates, they are composed of seven parts. See
Table 1.

In the development of the research, from the templates for the teaching guides, the
main themes of the subject addressed are structured, also taking into account the
strategies identified and the themes suggested in SWEBOK.
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Table 1. Sections of the templates for teaching guides

Section Descriptions

Title The title of the subject that you want to work must be presented

Objectives The objectives that want to be achieved with the application of the strategy
should be clearly stated

Activities This instructs the end user of the templates on how to manage the selected

strategy and which parameters should be taken into account when creating
the teaching-learning guide. In addition, it carries the theoretical framework
for the development of the thematic

Evaluation It should be suggested how the selected strategy can be evaluated, taking into
account that every evaluation must have feedback with the student
Bibliography | In this field, a bibliography is presented on what the student should use or the
end user of the templates has used to prepare the workshop

Products This aspect is optional within the templates and is only presented in case that
the strategy can handle more than one deliverable product (Example: Writing
Strategy). At this point the final user of the templates will choose the one that
seems most appropriate for the student to develop their learning

References To finish the template document, it is necessary to add to it the bibliography
and infographic that was used for the creation of the templates and that these
documents can be consulted in case of wanting to add something to the
template

4 Application of the Developed Guides and Validation
of the Model

In order to confirm the feasibility of the application of the guides in the Academic
Program, the evaluation of learning objectives included in each guide was defined by
subject, for this the qualitative and quantitative data were taken through the instru-
ments: scale of rank (3 to 15) and objective tests that allowed the defining of the level
of learning obtained by each student from a total of 16 enrolled in the course of
Requirements Engineering (Semester I of 2016) selected for the application of the
instrument. The implementation of the guides was carried out in a collaborative way,
considering the following pillars [9]: shared interaction, individual responsibility and
positive integration. Where individual responsibility indicates that each member must
assume a role and excute a task responsibly and thus contribute to the development of a
product, for this reason, despite the fact that the guides were applied in teamworks, the
evaluation was made on individual basis.

4.1 Guides Application Schedule

The application of the teaching and learning guides was carried out in the first academic
semester of the year 2015, in the course of seven weeks (see Table 2), and one of the
proposed guides for the subject, Requirements Engineering, was applied in each of the
week.
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Table 2. Timetable for the implementation of the teaching and learning guides.

Week | Topic
3 Requirements process
4 Fundamentals of Requirements Engineering
6 Requirements elicitation
7 Requirements analysis
9 Requirements specification
12 Requirements validation
13 Practical considerations

4.2 Evaluation Scales

For this work, the grading scale of trials currently used in the evaluation process of
UPTC for self-evaluation of the academic programs was used [10], summarized in the
Table 3.

Table 3. UPTC trial grading scale.

Score | Grade performance
4.7-5.0 | Full

4.0-4.6 | High grade
3.0-3.9 | Acceptable
2.0-2.9 | Unsatisfactory
1.0-1.9 | Deficient

0.0-0.9 | Fail

4.3 Application Process of the Guides

The process covers the phases of initiation, process and exit. It is worth mentioning that
for all the guidelines the beginning phase was oriented to the conformation of group
works, as well as the presentation and explanation of the methodology, in Table 4. The
description of the process is briefly presented, which is determined in each guide and
finally the output, products developed by the students.

4.4 Information Analysis

Taking into account the statistical information of the qualifications obtained in the
Requirements Engineering course in the period 2005-2013, from the Information
System of Academic Registration (Sistema de Informacién de Registro Académico —
SIRA) of the Institution, in Fig. 5. It is observed that the behavior of the performance
by the students, which on average at this time is 3.62, framed in an “Acceptable”
performance, before the application of the guides developed.
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Table 4. Application process of the guide [11]

Guide

Process

Output

Guide 1:
fundamentals of
software
requirements

Guide 2:
requirements
process

Guide 3:
requirements
elicitation

Guide 4:
requirements
analyses

Guide 5:
requirements
specification

* Reading of the guide by the students
* Strategy selection (conceptual maps,
synoptic charts, mental maps) and
approach of the same strategy
Socialization of the visual strategy
by each of the working groups

Reading of the guide by students
Reading of the “Funny-Math”
system specification, which is the
case study designed for the
implementation of the guides
Requirements analysis process for
the proposed system

Algorithm construction

Selection of the software process
model

* Construction of flow diagrams based
on the selected model

Feedback of the requirements
process defined by each of the
working groups

Selection of elicitation techniques
(points of view, use cases,
scenarios, interviews)

Definition of “FunnyMath” system
requirements by means of technique.
Preparation of the support

Support and identification of
differences and similarities of the
requirements defined by each
working group by means of each
technique

Classification (according to
functionality, volatility and degree
of complexity) of the requirements
obtained in the previous activity

* Construction of context and behavior|
models

Location and architectural design
Negotiation of requirements

Format design with minimaml

aspects (title, version, authors,

sources, general description of the
requirement to be specified, actors,
preconditions, normal sequence or
basic flow, exceptions or alternate
flows, post conditions, restrictions,

— Conceptual maps
— Mental maps
— Summary tables

— Algorithm and flowchart, taking
as reference the selected model

— Document with differences and
similarities obtained by means
of each technique

— Use case diagrams

— Document with the products
obtained during the process

— Format with “Funny-Math”
system requirements
specification

(continued)
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Table 4. (continued)

Guide Process Output
special requirements, interfaces,
extension points)
Guide 6: » Assignment of roles within each — Version history of requirements
requirements work group — Final prototypes
validation * Meeting between student role — Acceptance tests

Guide 7: practical

(client) and workshop guide

* Meeting between student role
(mediator) and student role
(specifier)

* Meeting between student role
(mediator) and student role (client)

 Feedback of all the roles to validate

* Reading and understanding of the

— Report of evidences of the

considerations new requirement measurement of the
* Implementation of change control requirements taking considering
* Construction and implementation of| the IEEE-14143.1 standard
traceability mechanism — Implementation of change
* Measurement of requirements taking| control
into account the IEEE14143.1 — Requirements traceability
(functional size measurement mechanism
concepts) standard
AVERAGE GRADES IN REQUIREMENTS ENGINEERING
45 - 02005
4 02006
3.5 +—] 02007
37 — 1 [ 712008
2.5 1+ — — — —
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Fig. 5. Requirements engineering average grades 2005-2013 [4]

With the information obtained through the application of the guides, the data were
prepared and tabulated quantitatively and with the application of the Kolmogorov-
Smirnov model [12, 13], T - Student [14, 15], supported with 2013 SPPS tool. A set of
data was processed to identify the validity and applicability of the guidelines and the
proposed pedagogical model. Below is the analysis of the results of the implementation of
the first teaching and learning guide, and in this same way the analysis is made for the
others.
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Application Analysis of the Guide 1. Basics of Software Requirements

It is observed that the T-Student calculated was 1.03 and that of the critical table
(according to the T-Student method) at 15° of freedom and level of significance of 0.05
was 1.761. Therefore the T calculated is less critical, which means that through the
strategy of “Visual Representations” for the theme of “Requirements Basics” results are
obtained in the ratings equal to 4.0, because when performing the analysis by means of
the real statistic, the value of the mean plus an error margin of 0.05 results in a value of
4.09, approximating to a value of 4.1. Which means that from the visual representations
strategy, grades greater than 4.0 would be obtained (Fig. 6) [11], improving the
average of the grades of the years 2005-2013, as mentioned above.

Mean (X) 4,04
038" Hypothesis H 4.0
Standar Devia- § 0,14
‘,‘" \ tion
/ \ Sample Size N 16
/ \ Degrees of gl (n-1) 15
[ ol ) Freedom
Significance A 0,05
/ level (%)
/ T-Student table | (1 queue) 1,761
Probability p 0,318
Calculated T- t 1,03
+—F f f Student
=50 -4.0 =30 =20 -1.0 10 20 30 40 50

Fig. 6. Graphical representation of the T-Student test for guide 1-requirements basis [11]

With the quantitative information obtained in application of all the guides, it was
analysed, based on the validated and implemented strategy, scores obtained would be
higher than those obtained with the strategies applied in the initial diagnosis of the
project. As well as being considered what were the most representative attitudinal
characteristics that influenced positively and negatively in the development of the
activities by the students during the execution of the investigation.

After the data collection and analysis, it is observed in Table 5 that in six of the
subjects, of the total number of students, the percentage that achieved total grades
within the “High grade” level (4.0 to 4.6) was higher than the percentage of students
who obtained grades within the “Acceptable” level (3.0 to 3.9), which was only higher
in the Requirements Process area with 54%.

In Fig. 7, one observes the performance of the competencies: Interpretive and
propositive argumentative, where it is observed that the first and the second is where
the average highest grade is presented, this happens in six of the seven themes, which
shows that the Teaching and learning guides facilitated the understanding, analysis and
articulation of concepts and processes by students. While for the propositive compe-
tition the average was lower, which means that the strategy developed in the guide
allows students in a lower grade to propose the creation of new hypotheses and the
possibility of new solution alternatives.
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Table S. List of qualifications and strategies in the requirements engineering course [11].

Theme Strategy % Students | Level
Fundamental requirements | Visual representation | 64.28 High grade
35.71 Acceptable
Requirement process Algorithms 46% High grade
54% Acceptable
Elicitation Puzzle technique 100% High grade
Analysis Project 100% High grade
Specification Writing 92% High grade
8% Acceptable
Validation Role play 54% High grade
46% Acceptable
Practical considerations Project 100% High grade

Academic competences evaluated by subject
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<
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Fig. 7. Performance by competences [11]

On the other hand, the performance of the students was compared before the
implementation of the guides with the performance obtained after, from which the
following information is observed:

The final qualification of Requirements Engineering subject achieved before the
implementation of the validated strategies (according to the SIRA 2005-2013 system
report) was 3.62. However, the average grade obtained by the students enrolled at the
time of application of the guide was 4.2, improving from an “Acceptable” compliance
level to a “High grade” compliance level. Also, the Thematic Requirements Analysis
and Practical Considerations were within an “Unsatisfactory” level indicating that the
strategies used up to that moment did not have a positive implication with the learning
in students, now with the implementation and validation of the project strategy, the
learning levels increased by 27% and 31%, respectively progressing in two levels,
remaining in “High grade”; On the other hand, there was less evidence of an increase in
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the thematic basics of requirements with 3.8% and specification of requirements with
4.8%, which were within an “Acceptable” level, increasing only one level, also
remaining within “High grade”.

5 Conclusions

The Requirements Engineering area in the academic program, before the application of
the guidelines, used to a greater extent the strategies that apply to the level of
“Understanding”, indicating that if these strategies are used for topics that require
levels of “Analysis” or “Application”, one loses competences and skills that are only
obtained through the use of strategies that apply to these levels. With the application of
the guides, it is possible to understand the theoretical aspects as well as bringing the
student closer to practical and real contexts that allow assimilation of the contents of
the subject.

The teaching templates facilitate the organization, planning and structuring of
contents, also allowing the proper management of the pedagogical strategies that are to
be implemented. The teaching-learning guides allow the contents, activities, objectives,
evaluation, bibliography to be captured and products that can be used for the appli-
cation of knowledge, potentializing according to the selected strategy including the
abilities, skills and aptitudes that the student must have.

The structure of the guides allowed them to be implemented experimentally and
face-to-face to students enrolled in the Software Requirements subjects, bearing in
mind that the guide has established a methodological strategy and an activity to be
carried out by the students, which facilitated the process of the implementation, since
the activity consisted in following the proposed indications.

Through the T-student distribution model, a correlational analysis was carried out
for each one of the guides, which concluded that the implementation of the same leads
to the students achieving grades above the high grade level.

Based on the results obtained, the School of Systems and Computer Engineering,
taken as a case study, can take this research as a reference to adjust the topics corre-
sponding to the subject of Requirements Engineering according to the guidelines
established by SWEBOK.
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