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ABSTRACT

Teaching and learning of computer programming (TL-PROG) is a
fundamental subject to System Analysis Bachelor and related
graduation courses. In general, teaching programming using
traditional methods has become much more challenging due to
many reasons. It includes changes in the manner new generations
are prone to learn and the arising of new programable devices. In
this context, Project-Based Learning may offer potential benefits
to TL-PROG, mainly Agile Project-Based Learning (APjBL).
However, there are a few relevant studies relating PjBL and TL-
PROG in Brazilian. Therefore, we propose to analyze the benefits
of the APjBL when compared to the traditional Brazilian TL-
PROG. As the comparation criteria, we propose to evaluate the
benefits to students’ grades, motivation, communication and
profession.

CCS Concepts

Social and professional topics — Professional topics —
Computing education.

Keywords
Computer Programming, Teaching Methods, Project-based
Learning.

1. INTRODUCTION

Regarding Information Systems (IS) and related Computer
Science education programs, some recent researches have been
reported challenges such as a high level of students’ evasion and
fail. These challenges seem to apply at both developed and
underdevelopment countries and indications of a lack of interest
in SI by new entrants. In this context, computer programming is a
fundamental area. However, teaching and learning of computer
programming (TL-PROG) is also very challenging. Some
additional difficulties make this scenario even more complex:
changes in the manner new generations are now prone to learn
programming; high level of evasion at introductory programming
courses; new programmable devices [1,11,15,20,24,26] .

In order to enhance the computer programming education, there
are at least three relevant aspects: (i) the teaching methods, (ii) the
students’ grade and (iii) the student’s motivation to learn (from
now on, referred as motivation). Improvements on the teaching
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methods are usually know to be related with improvements on
students” performance. Thus, Project-Based Learning (PjBL)
might be used as an alternative teaching method, given its
effectiveness when compared to the traditional teaching methods.
Among different PjBL approaches, the APjBL tends to be more
effective to the TL-PROG context given its simplicity,
adaptability and its own origins from software developement
[6,14.16].

Althought PjBL may help students to improve their grades and
motivation in TL-PROG, this reseach identified via a systematic
literature review (SLR) that a few relevant reports came from
Latin America context. Given these basis, the main research
objective is: to analise the benefits of APjBL principles applied to
the computer programming education when compared to the
traditional education, in the Brazilian SI undergraduate context.

The remainning of the research is as follows. Section 2 describes
the research problem. Section 3 presents the proposed solution.
Section 4 addresses the solution evaluation. Section 5 report the
partial results. Section 6 presents the research conclusion.

2. PROBLEM DESCRIPTION

Students may struggle to learn computer programming Due to
many reasons, given TL-PROG is still considered very
challenging for both students and educators. TL-PROG is also
considered complex and very mental demanding task from
students’ perspective. It requires a long learning curve. All these
challenges might results in high evasion rate, such as those found
at introductory programming courses [1,8,11,15,20,26].

There have been found reports that PjBL enhances students grades
and motivation in computer programming contexts. PjBL classes
are bounded by real-world challenges and also by collective
knowledge. Besides, PjBL might help students to deal with a
second foreign language, such as the context found in Latin
America IS courses [9,20,25,27].

Anyhow, applying PjBL to the TL-PROG may not be a standard
or straight forward process. Therefore, we propose to join three
different aspects, as follows: #1, the education aspect; #2, the
project management aspect and #3 the PjBL outcomes and
benefits. The merge of these three aspects were grounded by
several studies [3,7,10,12,14,16,18,19,21] and are summarized
into Figure 1. These are base concepts used by this research, as
follows:
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Figure 1. Base concepts adopted by this research.

On figure 1, the first aspect is education. In the need of defining
traditional and non-traditional education, we chose to classify
teaching methods under two distinct education visions (or
metaphors): the instructivist and the constructivist visions. These
metaphors help people understanding the education big picture.
Instructivist vision is also known as professor-centric approach, in
which knowledge is mainly passed via instructions to the students,
such as lectures. The constructivist vision states that students
construct their own knowledge, such as PjBL or problem-based
learning (PBL) methods. Anyhow, education process is usually a
gradient set into middle points of this continuum.

The second aspect relates to the project management, in which
there are both project methods and project approach. Many of
them were created asides the education environment such as
project approaches (such as Agile, Waterfall or Blended) and its
related project methods. Thus, choosing PjBL as TL-PROG
education method implies the need to bind process of project
management and education.

The third aspect relates to outcomes & benefits, come from both
education and business projects lanes. Regarding education
projects, students’ grades are the most common outcomes from
any course. Other additional students’ outcome might relate to
non-grades measures, such as motivation.

3. PROPOSED SOLUTION

This work adopts the explicative research with quali-quantitative
(also known as mixed) analysis. This choice was based on the
interest of understanding the phenomenon - PjBL benefits - and its
relations with two or more variables, mainly students’ grades and
motivation. This approach is relevant to multidisciplinary
contexts, where qualitative and quantitative data give each other
mutual support. Thus, this research adopts the educational quasi-
experimental to be executed in locus, i.e., at a real university and a
real semester [2,5,22].

The main objective of this research was split into four specific
objectives. SO1: Identify and describe the project methods and
project approaches that are related to both PjBL and TL-PROG,
including the most suitable approach or method to the Brazilian
context. SO2: Identify the impact on students’ grades and
motivation after the use of PjBL as an alternative programming
teaching method. SO3: Identify the benefits students may
experience when learning programming via PjBL. SO4: Compare
the traditional programming classes with APjBL principles classes
at Brazilian Information System higher education by analyzing the
benefits to the students during a semester, specially their grades
and their motivation.

Based on findings produced by a SLR (Systematic Literature
Review) [13] executed by this research, AMoPCE (Agile Model
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for Projects in Computing Education) [12,21] was chosen as the
most suitable APjBL method to this research. AMoPCE is a
teaching method that simplified Agile most relevant principles
and applied them to computer education, thus resulting a
supportive teaching method. All principles are described in details
at the original research but the figure 2, adapted from the original
research [12], presents an overview of AMoPCE principles:
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Figure 2. AMoPCE adapted from [12]

AMOPCE was adapted by professors to a substantial degree
according to the teaching and learners needs [12]. Thus, at this
research, professors will also be able to adapt the most suitable
principles of agile project-based learning to their programming
courses to cope with the computer programming education. In
order to make principles more understood and applied by the
professors, there were split into seven Agile principles [12,21], as
follows:

(1) Collaborative Planning: lane that includes the planning
activities of AMoPCE: the generation of ideas, the planning
the user stories and their related tasks. The trackin of tasks
and deliverable might be tracked by a project board.

(2) Iteration (Sprint): The iteration, also referred as sprint, is
consider a core value from Agile methodology. This is a small
chunk of time, usually between one to three weeks, in which
it occurs the development of the planned software [23]. The
activities follow the plan, design, code and test sequence.

(3) Presentation: mini-project should be reviewed collaboratively
whenever as possible. Additionally, based on Agile principles,
it is encouraged the inclusion of non-punitive assessments
named as reflections.

(4) Standup meeting: also know on Scrum as Daily Scrum, this
Agile principle is a short 10 to 15 minutes meeting, in which
all members standup to report what they did, what they plan to
do today, and what are the issues and difficulties [23].

(5) Pair programming: Agile principle the two people join
together to solve a programming task or challenge. One stay
leading the computer and discussing, while the other one give
directions and suggestions. After a certain point, they change
position.

(6) Keep it simple: Principle of doing the simplest solution to
achieve the objective [23]. Regarding the education aspect, it
regards to learn from simplest to more complex contents,
choosing the simplest code implementation and similar.

(7) Planning Poker: a quick collective game in which all
participants give their best estimate to challenge, usually the
estimation of tasks during the planning phase.

This is expected that AMoPCE principles will be blend with other
practices and methods thus resulting in a blended APjBL method.
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The SLR also indicated that main benefits of the PjBL to students
are grades, motivation, as well as communication and profession.
Thus, the research question resulted in four leading hypotheses,
regarding the benefits of AMoPCE to the students, as follows.
H1: AMoPCE benefits students’ grades. H2: AMoPCE benefits
students’ motivation. H3: AMOoPCE benefits students’
communication and H4: AMoPCE benefits students’ professional
aspects. Therefore, the dependent variables and instruments are,
respectively to each hypothesis: (H1) grades results; (H2)
motivation to learn; (H3) communication; (H4) professional
aspect (to be defined). All on Likert scales.

In order to verify the research question and its hypotheses, the
experiment was design using seven phases, according to figure 3:
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Figure 3. Research phases diagram.

On phase 5, there will be two groups participating to the quasi-
experimental: first, the experimental group will be subjected to
APJBL principles; second, the comparison group will learn
programming according to the Institution traditional TL-PROG.

4. SOLUTION EVALUATION

The researched Institution is located at the surroundings of the
Campinas city, Sdo Paulo state, Brazil, and therefor will represent
the Brazilian context. Given the resources and time constraints
that are naturally applied to a Master Thesis, the scope of this
proposal is limited to be applied to the referred campus only. The
scope might be extended to the Brazilian and Latin America
contexts in a near future during a Doctoral phase. Additionally,
the Researched Institution has other campi across Sdo Paulo state
and Brazil, which may support possible future researches.

The programming courses are part of a technological higher
education named as Analyses and Development of Information
Systems (our translation). In order to evaluated these impacts,
AMOoPCE will be applied to programming courses by professors
who may voluntary contribute to this research. Given the time and
resources constraints, a suggested by [12], collective and
individual workshops will be conduct with the professors, in
addition to the research documentation. And each professor will
be supported constantly by the researcher during the entire
research.

On phase 6, there will be collected data from students, from
professor and from historical data, as follows. Regarding students’
data, the will be collect via an electronic survey, as close as
possible to the end of each course. The data will be acquired from
both the experimental and comparison groups. Surveys will be
adapted from the following studies: motivation to learn, from [4];
communication, from [17]; professional (still to be defined), thus
been one of the intended contributions of this work. Students’ data
will result into quantitative measures. On the other hand,
professors’ perspectives, including their observations about the
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three non-grading measures, will be collected via a semi-
structured interview, thus resulting into qualitative data.

Phase 7 will have descriptive and inferential results based on
phase 6 results. The evaluation will occur in four steps. First, the
quantitative data will subject to descriptive statistic; content
analysis will address the qualitative data. Second, it will be used
Analysis of Variance (ANOVA) and statistic regression, to test
the hypotheses and may generalize the phenomenon. Third, the
qualitative data professor interview will be analyzed via context
analysis. The interviews, together with the historical data, will
substantiate or not with the quantitative findings. Fourth the final
result will be consolidated and published. Other adopted
evaluations used by this research are described in the next section.

5. COMPLETED ACTIVIES

Phases 1 and 2 were mainly developed during 2017 as part of this
Master Thesis. They serve as foundation for the following phases.
Phases 3 and 4 were conduct separately and they were submitted
to relevant Congresses. Phase 5 is planned to start on Mar 2018
and the research is planned to end on Jan 2019.

Phase 3 was a SLR [13]. in which the specific objectives SQI,
SQ2 and SQ3 where achieved. The SLR also provided a baseline
to the phases 4 and 5.

On phase 4, there was a comparative study between the
instructivist and constructivist methods based on the historical
data of the researched Institution. It was collected longitudinal
data from 154 students, from 2015 to 2017, regarding the courses
web development levels 1 (novice) and level 2 (advanced). Given
ANOVA at 5% confidence level, the finding points show that the
more constructivist the classes went at the education continuum,
the more the students’ grades were enhanced. Regarding
motivation, in the absence of any historical data about it, it was
used the students’ classroom frequency as an approximate (but
still partial) measure. The findings pointed out that more
constructivist classes did not impact their motivation (frequency).

6. CONCLUSION

Nowadays innovation is very demanding at IS courses and related
technological education. In this context, APjBL may offer many
benefits to both students and teachers. This research looks for the
benefits of APjBL, based on AMoPCE principles, applied to the
Brazilian Information System higher education, mainly benefits to
the students’ grades, motivation, communication and professional
aspects.

In finding benefits to students, such as grades, motivation,
communication and professional, these principles might be
applied on similar contexts and benefit future programmers. There
are indications that APjBL may benefit IS computer programming
and the academic routine as well. Future researches might also
investigate the impact of APjBL at developing countries given
their particular settings. After all, the revolutionary Agile methods
started benefiting the software programming environments.
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