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Abstract

The qualified use of advanced programming techniques for the development of enterprise software products, as well as, the proper appli-
cation of modeling techniques in the design of software systems are two extremely relevant aspects in the curricula of an undergraduate
software engineering student. In the Pontifical Catholic University of Peru (PUCP), these two important topics are taught by separated, in
two different courses at the seventh semester of the Software Engineering career. The problematic situation with this curricular plan
structure is that the students fail to relate concepts and theories whose usage is dependent one from the other. In a software development
process, the analysis and design phases are key factors for the construction of a software that meets real needs of a certain group of users.
However, when the computational programming and the modeling of software products are taught as independent concepts, the students
tend to design only to complete the steps of the development process, and to write computer instructions without a vision and previous
analysis of the system to be implemented. In this paper, we describe a teaching experience in which the authors employ collaborative
strategies in a way that the students can figure out how the concepts are related and relevant for the construction and devel opment of
software products with high-quality standards.
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1. Introduction

According to the curriculum guidelines proposed by ACM (Asso-
ciation for Computing Machinery) for undergraduate degree pro-
grams in Software Engineering [1], a graduate from this profes-
sional career should be able to design and implement high com-
plex software components by applying recognized and proved
principles of engineering. As a professional of this discipline, the
graduate must be trained to manage all the aspects related to the
traditional software development process [8], such as (1) business
modeling, (2) requirements, (3) analysis & design, (4) implemen-
tation, (5) test and (6) deployment. Given the relevance of these
topics, the undergraduate programs in Software Engineering usu-
ally establish a curricular plan structure which emphasizes two
subjects: programming languages and modeling of software appli-
cations [3].

In the Pontifical Catholic University of Peru (PUCP) located in
Lima — Peru, there are two mandatory courses that are taught at
the seventh semester of the Software Engineering career:
“Programming Languages 2” whose purpose is to train the
students in advanced techniques of object-oriented programming
for the development of software products, and “Information
Systems 2” whose goal is the instruction in the Unified Modeling
Language (UML) [5] for the correct design and analysis of the
system to be implemented. Although these two topics belong to
different phases of the software development process, the tech-
nigues used in each stage are highly related, since the correct ac-

complishment of the users’ requirements and needs would depend
on the level of analysis and quality in the design that the entire
team performs previously [7]. However, because of the separation
of both concepts in two different courses, the students hardly no-
tice the relationship between both. The execution of a proper anal-
ysis and design of the system is important because it provides a
vision of the architecture and functionality is required to give sup-
port to the users’ needs [6].

Our methodological teaching proposal was oriented to achieve that
the students can figure out the relevance of the modeling tech-
niques for the subsequent construction of a software product.
Therefore, we proposed a “collaborative teaching approach” [11]
in which the professors of both courses worked together to define
the contents to be discussed during each class session. The pur-
pose was to establish a teaching structure in which the professor of
a specific course could use the learned contents in the other one,
as an input to explain the topics to be addressed in the current
class. This schema of work was complemented with the conduc-
tion of an academic project in which the students were requested
to implement a software system by the use of design and devel-
opment techniques.

In this study, we describe the teaching experience and analyze the
results of the collaborative strategies that were employed in our
new methodological proposal for the teaching of a programming
software course in collaboration with a design software system
course in an undergraduate program of Software Engineering at a
Latin America University.
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2. Collaborative Learning

The collaborative learning is an educational approach which in-

volves teams of students working together to solve a common

problem, complete a specific task or create a particular product

[4]. The members of the team are not only responsible for their

own learning, but also for helping their peers to learn, causing an

environment of achievement.

The didactic technique of collaborative learning involves the stu-

dents in activities in which they must process information, result-

ing in greater retention of the subject matter, better attitudes to-
ward learning, an improvement of the interpersonal relationships
and regarding each of the members [10]. Some of the advantages

of the collaborative learning are [12]:

¢ The technique allows students to identify the individual differ-
ences, increasing the interpersonal development.

o The technique allows students to be involved in their own learn-
ing, contributing to the achievement of a common goal and to
the learning of the whole group, and giving support to team-
work.

e The group assignments and cooperative activities induce stu-
dents to work by the mutual benefit in an environment in which
each member recognizes that there is a common goal and that all
the whole team succeeds if everyone collaborates.

In the present study, we describe the results of a collaborative

learning experience in which two relevant courses of the under-

graduate program in Software Engineering were redesigned to
give support to an academic activity that was developed by the
students during all the semester. The purpose was that the students
could notice the relationship between modeling and implementing
a software product. In addition, the teaching objectives are
achieved because of the positive interdependence in the collabora-
tive learning process [9]. The students become experts in the con-
tent at the same time they develop teamwork skills [2]. They begin
to share goals, resources, achievements and an understanding of
the relevance of each team member. A student cannot succeed

independently. The positive interdependence is achieved when a

member of the team perceives himself bound up with the other

members, in a way that he can not succeed unless all the others do

[13].

3. Case study: a Teaching Experience

The undergraduate program in Software Engineering of the Pontif-

ical Catholic University of Peru (PUCP) is based on a five-year

curriculum plan that the students must pass for the obtaining of the

Bachelor’s degree. The courses in which the collaborative teach-

ing strategies were applied belong to the seventh semester of the

professional career. The purpose of both courses is described as
follows:

e Information Systems 2: This course is intended to develop the
students’ skills to analyze, design and model information sys-
tems using object-oriented technologies. At the end of the se-
mester, the students will be able to propose and document an
appropriate software architecture for a particular system that
gives support to specific requirements. Finally, the course pro-
vides the students with the knowledge and tools that are required
to properly analyze the quality level of a software product.

e Programming Languages 2: This course is intended to instruct
the students in the development of object-oriented programs
with graphical user interfaces. The requisites for the students to
enroll in this course is to have passed a previous signature called
“Programming Languages 1” whose content is about structured
programming, algorithms and data structures in C and C++.
However, in this course, the students learn advanced program-
ming techniques to be able to apply object-oriented program-

ming concepts in the entire process of the software development.

The programming languages which are employed for this pur-
pose are Java and C#.

3.1. The Traditional Teaching

Although “Information Systems 2” and “Programming Languages
2” are closely related courses in which the same groups of stu-
dents are enrolled, there was never an attempt to propose a collab-
orative learning strategy. The traditional teaching was always
based on the conducting of an independent academic assignment
that the students had to perform in each course by separated. In the
case of “Information Systems 2”, the students are usually request-
ed to analyze, model and design a software system without im-
plementing it. Likewise, in the case of “Programming Languages
27, the students are requested to implement a system, the one that
is completely different to the requested in the course of “Infor-
mation System 27, without considering design activities whose
results can guide the programming. At the end of the semester, the
students accomplish two results: the software architecture of a
system A and the implementation of a system B. In none of the
cases, the students experiment the entire software development
process. Even more, not promoting scenarios in which the design
phase is complemented with the implementation phase, will cause
that the students do not notice the relation between both parts of
the process, neither the relevance of establishing a proper design.
The traditional methodology as well as the agile approach [14]
establish that the architecture of a system should guide the imple-
mentation process. The programming must be performed accord-
ing to the design diagrams that have been developed. However,
given that there is not a connection between both concepts, the
students design software systems without an understanding that
this specific artifact is an input for the development process.

3.2. Description of the Teaching Proposal

The new teaching proposal is illustrated in Figure 1. We re-
organize the content of both courses in a way that the subjects that
were taught in the week for one course, serve as an input for the
other course. The proposed structure is shown in Table I. For in-
stance, with knowledge of the main techniques that are employed
to identify the requirements of a system (Week 2 — Information
Systems 2), the students would be prepared to learn how to ab-
stract and model the reality in objects (Week 2 — Programming
Languages 2). In this session, the students would learn the mean-
ing of classes and methods, as well as the programming tech-
niques that are related to these concepts. Correspondingly, the
knowledge about class, attribute and method would allow the
students to diagram uses cases (Week 3 — Information Systems 2).
The teaching of modeling techniques would give support for fol-
lowing subjects in the fourth week of Programming Languages 2
associated to the topics of inheritance and polymorphism. The
academic semester in PUCP is composed of fifteen weeks of
which two of them (Week 7 and Week 15) are oriented to evaluate
through exams the knowledge of the students. Considering this
aspect, we elaborated two syllabuses in which the contents of one
course complement to the other one.

Design and Modeling Techniques

oUTPUT /\ NpUT

Information
Systems 2

INPUT v OUTPUT

Advanced Programming Techniques

Programming
Languages 2

Fig. 1: Educational methodology proposed for the teaching of both courses
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In addition to the new pedagogical structure of the courses, we

also modified the evaluation methodology to incorporate a collab-

Table 1: Content of each week by course

Week number Information Systems 2 Programming Languages 2
Week 1 Introduction to Unified Modeling Language Introduction to Object Oriented Programming
Week 2 Requirements engineering Objects, classes and methods
Week 3 Use cases diagramming and database design Inheritance, abstraction and polymorphism
Week 4 System analysis and class diagram design Namespaces, libraries and packages
Week 5 Effort estimation Persistence and file handling
Week 6 Software architecture and component diagram design Lists, arrays, events, exceptions and graphics programming
Week 7 Mid-term evaluation
Week 8 Activity diagram design and interaction diagram design Windows and graphical user interfaces design
Week 9 Deployment diagram design and Design patterns — Part 1 Multitier architecture development
Week 10 Design patterns — Part 2 Database connection
Week 11 Usability engineering Concurrent programming
Week 12 Software testing Distributed programming
Week 13 Software quality Web services and reports
Week 14 Presentation of the final project
Week 15 Final evaluation

orative activity in which the students can apply the learned con-
cepts in the development of a real case study. They were requested
to design and implement a software product by following all the
modeling guidelines and using the programming techniques that
were taught during the class sessions. Given that the same group
of students was enrolled in both courses, it was not a problem to
divide the class into small teams. The twenty-two students were
divided into three teams of four students, and two teams of five
students. The type of software to be developed by each team was
left to the election of themselves. The had to be developed gradu-
ally according to the topics that were discussed until the moment
in class. In all the even weeks, the students had to present the pro-
gress of their projects during special lab sessions as is shown in
Figure 2. During these sessions, the teams received feedback
about their design and implementation decisions. The purpose was
that all students learn from their own mistakes and finish both
courses with the development of a high-quality software product,
whose construction process and final results would be presented at
the week 14.

Fig. 2: Example of a special lab session

4. Analysis of the Results

The teaching proposal was applied during the first semester of
2017. The professors of both courses made efforts to be present
during all the special lab sessions in order to offer proper feedback
to each one of the teams. There was a wide diversity of type of
software applications that were developed by the students. The
only requisite we established as teachers was the use of Unified
Modeling Language (UML) and Object-Oriented Programming
(OOP) for the development of these systems. A brief description
of the students’ proposals is presented as follows:

e A Carpooling System: Considering that Lima, the capital of
Peru, is a big city where the distances are long and the transpor-
tation from home to the university can take up to two hours, this
team proposed the development of a carpooling system for ex-
clusive use of the university community. Carpooling is the shar-
ing of car journeys, in a way that if someone near your home is
driving to the university, you can request this person to help you
in the transportation.

o A Web System for Question/Answers about Online Classes:
This Web system was developed for educational institutions that
offer online courses. The purpose of this application is to serve
as a way of communication between the institution and the peo-
ple who are interested in the offered classes. The system pro-
vides a platform in which the users can register a question and
the institution give answers.

o A Video-Game: Given the current success of Pokemon games
during the last years, the students of this team decided to devel-
op an RPG video-game based on this franchise. In this adventure,
the player walks by different maps in an intense search of sever-
al wild creatures called Pokemon. The game implements battles
with NPC who are controlled by artificial intelligence.
An Integrated University Library System: Following the
constraints and rules of the libraries in our university, one of the
teams proposed the development of an integrated system. At
present, each library works with an independent software for the
search and borrowing of books. The purpose of this system was
to provide with a software tool in which the university commu-
nity could access the information of all the libraries that are
located on our campus.
Gym Management Software: In the last year, people are given
more importance to the regular physical activity because of the
health benefits. In this sense, one of the teams decided to im-
plement a platform to give support to the main activities that
take place in a gym. The purpose of this system was to manage
customers’ memberships of a gym, coaching, sale of fitness
products and registration to classes offered by the body training
center.

All the systems were developed using Java and C#, with a
MySQL server connection. The purpose of the new educational
methodology was achieved given that the students begin with the
design of the system and could notice the relevance of this phase
at the time of the programming. The students figured out that their
program must be developed according to the architecture they
have previously defined. In this sense, many changes were
proposed during the software process development and both the
design and the programming had to be fixed together.

Regarding the collaborative activities, the professors could ob-
serve during the special lab sessions that the team members helped
each other in an efficiency and effective way. The teams promoted
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the success of all their members, by exchanging information and
knowledge between them. We also highlight the way in which the
team members offered feedback to improve the performance of
the others, how they analyze the results as a team, and finally the
process they followed to make reflexions in order to achieve better
quality results. We could notice that the collaborative work en-
courages cognitive activities and interpersonal dynamics. For in-
stance, when the students promote learning at their partners, when
a student explain to other how to program or design certain func-
tionality of the system, or when the students discuss the concepts.

5. Conclusions and Future Works

Two relevant topics in the curricula of the undergraduate program
in Software Engineering are the lessons about the use of advanced
programming techniques as well as the instruction in modeling
methods to design appropriate software architectures. Both aspects
represent important phases of the software development process.
In the Pontifical Catholic University of Peru, these topics, despite
being widely related, are taught by separated in two different
courses: Programming Languages 2 and Information Systems 2.
However, in this way, the students used to program without hav-
ing a vision of the software design, that according to the theory
should be a prerequisite to the implementation phase. In the same
way, the students used to propose a software architecture without
making it tangible in a development process. Therefore, the pro-
fessors of both courses established a new pedagogical approach to
improve the learning process.

The teaching proposal involved a re-organization of the contents
of both courses in a way in which in all weeks, the lessons provid-
ed in one of the courses serve as input for the understanding of the
concepts to be discussed in the other course. Moreover, the fact
that the same group of students was enrolled in both courses allow
us to promote a single project in which the students were request-
ed to work collaboratively for the development of a software
product. The application of the methodology took place during the
first half of 2017 and demonstrates being effective and efficient.
The students could notice the relevance of the design decisions,
and how the architecture design can affect the programming of a
software product. The collaborative strategies allow the team
members to learn from their partners and to increase their cogni-
tive and interpersonal abilities. The students recognize that the
success is only possible if all members work together for the
common goal. Although the proposed methodology offers effec-
tive results, it is still necessary to perform more case studies in
order to generalize the results for different academic contexts. The
results can be complemented with future interviews and question-
naires in order to determine the students’ perception about the
academic assignment they had to perform.
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