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Abstract—Software Quality Assurance is a sub-process that
ensures that developed software meets and complies with defined
or standardized quality specifications. Focusing on source code,
there are characteristics that can be used to evaluate the quality.
Introductory courses must encourage freshmen students to im-
prove internal quality of their source code, but only as sophomore
they have contact with Software Engineering concepts, including
Quality Assurance. In this paper we present a tool to source
code quality evaluation aimed at supporting students to improve
their source code and, consequently, their programming skills.
The proposed tool uses quality reports (available to professional
environment integrate with software repositories) to analyze
students’ source code and provide a feedback about the student
coding. The proposed tool run locally, with few computational
resources. In addition, we proposed the methodology to use the
proposed tool: it consists of challenging students to perform a set
of maintenance tasks in a controlled environment. We prepared
a source code by introducing common defects, what decreases
the quality of source code, and ask to students to perform
maintenance tasks in order to both eliminate the introduced
defects and introduce new features. After each modification,
the students must evaluate their code using the proposed tool
to obtain a feedback about quality of source code. To evaluate
the approach and the tool, we created a survey and applied to
students and the teacher. As a result, we show the benefits of using
the proposed tool to both teachers and students perspectives. The
results are positive to enhance the teaching-learning Software
Quality Assurance to Software Engineering students.

I. INTRODUCTION

Software Quality Assurance (SQA) is a sub-process focus-
ing on developing software products that meets and com-
plies with defined (or standardized) quality specifications.
Researchers have dealt with SQA for a long time [1], [2],
but usually focusing on developing method and tools. Simi-
larly, there are several research on training students to apply
adequately methods and tools. Despite the effort, technical
debt concept was introduced by Ward Cunningham [3] rep-
resenting issues related to architecture, structure, duplication,
test coverage, comments and documentation, potential bugs,
complexity, code smells, coding practices and style.

Focusing on source code, there are characteristics that can
be used to evaluate the quality. SonarQube™ is an open-
source code quality analysis platform to perform source code
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continuous inspection [4]. Its main goal is to analyze source
code in order to identify violations and faults, caused by bad
decisions (bad implementations) during the coding process [5].
The platform was developed as a set of open-source tools that
have been used today in several projects. However, it is not
suitable for educational purposes.

The increasing need for colleges and universities to produce
graduates that are skilled in building good software products
is a challenge. Introductory courses must encourage freshmen
students to improve internal quality of their source code, but
only as sophomore they have contact with Software Engineer-
ing concepts, including Quality Assurance.

In this paper we present a tool named SMaRT! aimed at
source code quality evaluation, supporting students to improve
their source code and, consequently, their programming skills.
SMaRT uses Sonar Scanner as well as quality profile to
analyze students’ source code and provide a feedback about
the student coding. The proposed tool run locally, with few
computational resources. In addition, we proposed the method-
ology to use the proposed tool. To evaluate the approach and
the tool, we created a survey and applied to students and
the teacher. As a result, we show the benefits of using the
proposed tool to both teachers and students perspectives. The
results were positive to enhance the teaching-learning Software
Quality Assurance to Software Engineering students.

To present SMaRT, its application using the methodology
and results obtained, the remainder of this paper is orga-
nized as follows: Sectionll presents the background about
SonarQube technology as well as discuss its limitation for
educational purposes; Section III presents the tools named
SMaRT, followed by its application during a practical task
and its evaluation (Section IV); Section V presents our final
remarks and further works.

II. BACKGROUND
A. SonarQube Platform
SonarQube™ is an open-source code quality analysis plat-
form, developed by SonarSource S.A. to perform source code

IThe tool is available at: http://www.fct.unesp.br/grupos/lapesa/smart/



continuous inspection. Its main goal is to analyze source
code in order to identify violations and faults, caused by bad
decisions (bad implementations) during the coding process [6].

The platform was developed as a set of open-source tools
that have been used in several projects, such as PMD (Program
Mistake Detector), Findbugs, Checkstyle, and others [4].

SonarQube uses a set of rules to decide if a piece of code is
(or is not) a bad implementation and, then, identify it as one.
The analyzer, named SonarQube Scanner, look for snippets of
source code that are not in agreement with the rules established
for the project. The set of rules might be user defined, but there
is a default set of rules (with more than 300 rules) [8].

A code snippet at odds with at least one rule is classified as
an issue, which might compromise the quality of the software
product in development. The same code snippet may violate
multiple rules, in that case it will produce several issues.
It’s important to note that an issue is detected by violating
rule and it is possible to choose which rules should (or not)
be taken into account by the Scanner during the analysis
process. The set of rules chosen to analyze a software project is
named Quality Profile, and every project has only one Quality
Profile. Those rules classify the violation into three different
categories: Bugs, Vulnerabilities, and Code Smells [9].

Bugs are violations that have high probability of affecting
the correct execution of a program. Any bug found should be
resolved immediately. Vulnerabilities are violations that might
compromise the security — and consequently the reliability
— of the software under development. SonarQube detects as
vulnerabilities the incorrect use of encryption features, the
use of plain text database passwords as well as IP addresses,
for example. Code Smells are all violations that undermine
program maintenance, such as duplication of code, lack of
documentation, lack of standards and conventions, and very
high complexity [10], [11].

To ensure its effectiveness and adequacy to the most variety
of software development projects, such as project design
patterns, programming languages, development environments,
the SonarQube™ platform is composed by four main dis-
tinct elements: (1) SonarQube Server — a WEB Server, a
Search Server and a Compute Engine, responsible to allow
users to browse and analyze snapshots of project quality;
(2) SonarQube Database -— to store statistics provided by
SonarQube Server; (3) SonarQube Plugins — as an open
platform, almost all the features are available by plug-in and
API; (4) SonarQube Scanner — to analyze the source code
and submit the results to SonarQube Server [7]. The interaction
between main elements is depicted in Figure 1.

B. SQALE Method

The Software Quality Assessment based on Life-cycle Ex-
pectations (SQALE) is a method for evaluating the quality of
software. The use of SQALE is recommended by its creators
to: (1) support in a more objective, accurate, reproducible and
automated way the evaluation of source code; (2) provide an
efficient method for managing technical debt [12].

The SQALE method divides violations found into five
categories, according to severity, as Blocker, Critical, Major,
Minor and Info. The severity is related to how each violation
is able to directly impact the quality. For each type of issue, a
non-compliance factor is assigned, what helps us to calculate
how severe the problems related to the project are [13]. The
description of each category of severity, followed by examples
and the non-compliance factor are presented in Table I.

Table I. SQALE Method of classifying violations based on severity.

[ Severity [ Description [ Example | Factor |
o BLOCKER | Bug with a high probabil- | Memory 5000
ity of impacting program | errors
behavior
0 CRITICAL | Bug with a low probabil- | SQL In- 250
ity of impacting security | jection
issue
@ MAJOR Quality failure that can | Code 50
have a major impact pro- | duplica-
ductivity tion
0 MINOR Quality failure that can | Long 15
have a significant impact | lines
productivity
0 INFO Neither a bug nor a quality | Just a 2
problem hint

C. Software Maintenance: skills and challenges

The Maintenance Process is a part of the Software Develop-
ment Life-Cycle (SDLC) that aims to support a modification
on a software product after deployment. The maintenance
is categorized into four different classes: (1) Adaptive —
refers to modifications as a result of external influences or
strategic changes within the company; (2) Preventive — to
prevent breakdowns; (3) Corrective — aims to correct errors on
software; (4) Perfective — to improve software features [14].
Regardless of the type of maintenance, it is important to create
source code with quality.

During software development, bad decisions made by de-
velopment team, leads to problems. In a nutshell, the effort
required to fix a problem refers to cost and, consequently, the
problem is named technical debt. SonarQube™tool is capable
of tracking and measure the technical debt of a project during
the development process [5], [15], [16].

The increase of the technical debt in a software project is
a problem, shown by several authors [17]-[22]. As long-term
perspective, if developers do not care about code quality during
implementation and maintenance, quality problems will arise
along with technical debt. After successive maintenance, the
debt increases and the necessary effort to correct problems
in a software project become so high that they make the
maintenance task unfeasible [23].

It becomes important then to show to the student that quality
problems in the project must be corrected as soon as possible.
Moreover, it is interesting to show the student that the use of
standards and good programming practices avoid the growth
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Fig. 1. A SonarQube platform and it’s main elements. — SonarSource S.A, Switzerland. SonarQube™ Docs. [7]

of technical debt in the project. When we started using the
SonarQube™ platform as a teaching tool, we instructed our
students to consider that if the code snippet had passed through
Quality Gates, then maintenance is effective. The Quality
Gates indicates a status of approval or denial obtained for the
snippet of code submitted to the repository. The code analysis
is performed using a set of established thresholds for the
metrics present in the platform. Basically, if the code submitted
reach thresholds, the interface indicates it is in compliance
with minimal quality requirements, otherwise the submission
fails considering the quality requirements [24].

D. Continuous Inspection

In a major software development project, analyzing the
entire source code requires a high usage of computational
resources, even if only a small change occurred. To avoid that,
the SonarQube platform identifies changes in the source code
and only analyzes the source that was locally modified. This
feature is known as “continuous inspection” of source code.

Many studies [25]-[29] show that it is possible to perform
a Continuous Inspection in the source code, allowing the con-
tinuous analysis of what is produced in order to increase the
possibility of detecting possible problems during development.

Continuous Inspection aims to prevent the degradation of
the source code after successive changes (Adaptive, Perfective,
Corrective and Preventive maintenance) avoiding the introduc-
tion of new defects and allowing the development of software
with quality.

E. Problem

As mentioned at Section II-A, SonarQube Server provides
a set of tools that allow users to browse between Quality
Snapshots of a project. An example of a quality snapshot that
“passes” the SonarQube’s defaults quality profiles can be seen
in Figure 2. By comparing both snapshots (figures 2 and 3),
as a teacher perspective, we realize that the quality of the
student’s projects varied considerably from one submission to
the next.

Many factors contribute to compromise the quality of a
project, such as tight deadline, fatigue, lack of clarity or
understanding. After maintenance, by submitting the source

code with more problems introduced than resolved, the stu-
dent compromises the quality of the project and disrupts the
evolution of the project.

Quality Gate

Leak Period: since previous version
started 6 meses atras

Bugs & Vulnerabilities

1 0 0 0
Bugs Vulnerabilities New B New
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Code Smells
A .
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Debt Code Smells New Debt New Code

Smells

Fig. 2. Example of a SonarQube report for a good maintenance.
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Fig. 3. Example of a SonarQube report of a poor maintenance. It is possible
to see that the Quality Gates have changed their status from PASSED to
FAILED.

By default, the SonarQube Server only shows the statistics
after source code submission to repository. So, if the student
does a bad maintenance, s/he will only realize that after
submitting the code to the repository and impairing the quality
of the project. It is possible to observe that in Figure 3.

As next maintenance, lets consider that the student perform
a good job, solving many bugs and security issues, just adding



Quality Gate

since 0.3

B New vnerabiliies Py New ugs
>0 >0

since 0.3

Leak Period: since 0.3
started um meses atras

2 1

New
Vulnerabilities

Bugs & Vulnerabilities

off 118

Bugs Vulnerabilities New Bugs

Code Smells

10min 3

New Code
Smells

608 327

Debt Code Smells New Debt

Fig. 4. Quality Gates indicates that maintenance failed, although there was
a significant improvement in project quality. It is difficult to perceive the
progress.

some minor issues quality problems. The problem in this case
is, from student perspective, it is difficult to perceive the
quality progress.

Both on Figure 3 and Figure 4, the submissions were
disapproved by the quality analysis. On Figure 4, it is possible
to see the new issue found by the analyzer, but nothing
is demonstrated about what were solved. There were no
changes in any of the category indicators, that is Bugs and
Vulnerabilities just continues to indicate category E and D,
respectively. Moreover, the Quality Gate indicator did not
approved both submissions, but by comparing the snapshots,
it is clear that the student did a really good job on the last
submission, solving 17 bugs and 4 security issues.

Unfortunately, during the hard job, the student did some
faults that introduces two bugs and a new vulnerability. That
is why the Quality Gates rejects the second submission. In
fact, a new bug, or a new security issue, is a serious problem,
but we are convinced that it is important to consider not only
wrong decision to analyze the project. Specially because we
wonder to avoid the failure feeling — that what the student did
was not good or was not enough.

Obviously, SonarQube was not proposed for educational
purposes. So, we proposed a tool based on SonarQube to
support teaching-learning process about of Software Quality
focusing on maintenance tasks.

III. THE TooL SMART

The tool SMaRT (Software Maintenance, Report and
Tracker) was developed as an Eclipse plug-in aimed to check
if modifications on source code made by students improve
(or decrease) its quality. For that, SMaRT uses quality reports
from SonarQube Scanner, in order to obtain measures about
source code and, then, present them to students. We choose to
develop SMaRT based on SonarQube and Eclipse IDE because
both are open platforms that can be used both on professional
and educational environment.

SMaRT tool verify if a given modification in the source
code, that had been made to correct defects, was effective and

how effective it was. There are three main goals: the first one
is to show to students the importance of improving source code
internal quality and how their decisions on coding may impact
the source code quality; second, we intend to show how to
avoid source code degradation, even with successive changes
(corrective, adaptive and perfective maintenance); third, we
intend to contribute to train students think about and act to
software quality, especially by being able to avoid new defects
(technical debts).

A. Architecture and Integration

We have developed a tool able to integrate and take advan-
tage of the features provided by both the SonarQube platform
and the Eclipse IDE. For that, we had to understand, follow
and respect the specificity of each technologies involved in
order to allow the coexistence of both with our tool.

In order to provide features within the development envi-
ronment, we use Eclipse Plug-in Development Environment to
create SMaRT as Eclipse IDE plug-in, which is widely used
by students. By integrating SonarQube Scanner, using a set
of configuration parameters that are usual part of SonarQube
platform, we allowed the SonarQube Scanner communicate
with the SonarQube Server. So, the analysis uses the Quality
Profiles stipulated by the teacher. We allowed the teacher to
establish rules (more or less rigid), according to the student’s
skills, for example.

As mentioned, it is only possible to obtain quality informa-
tion from the project after it submission to the SonarQube
Server. In order to analyze source code at local reposi-
tory (avoiding submitting to the software project repository),
SMaRT computes statistics similarly to SonarQube Scanner,
but assessing local source code. After that, we compare the
data locally generated by SMaRT and data obtained from
SonarQube Server in order to compare source code analysis
before and after modification.

By comparing the results, it is possible to to analyze the
quality of maintenance in a local environment, knowing with
precision each issue solved and each issue introduced.

If the student evaluates their maintenance as good enough to
submit to the project repository, SMaRT allows to submit the
statistics locally obtained to the SonarQube Server. Figure 5
shows how the architecture of our tool is and how it is
integrated with Eclipse and SonarQube.

B. Metrics

Similar to SonarQube [30], our metrics and indicators are
based on SQALE. In order to support the student in the
evaluation of the quality of his/her maintenance aiming to
improve software quality, we create three metrics capable of
assisting the maintenance task. The first one, PG Index, is
obtained from the ratio of the number of new issues by the
number of resolved issues? during maintenance.

1ssuesAdded

PG=—-———:
issuesResolved’

(1)

2If the developer has not resolved any issues, the number of new issues
will be returned.
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Fig. 5. A representation of the architecture of our tool and how it communicates with SonarQube™ platform and Ecplise IDE

Similarly, the Relative-Programmer Guidance (rPG) index
is obtained from the ratio of the number of issues at local
repository by the number of issues presented at SonarQube
server®. This indicator helps to understand the evolution of
the project after maintenance.

PG — locallssues ; @)
serverlssues

Also, we noticed that the two indicators presented were
able to help the student to perceive the quantity of prob-
lems solved/introduced. Both indicators are efficient, but we
realized that we should take into account what was actually
corrected and what was introduced. We realized that it was
important to analyze each of the violations committed and
corrected by the developer. We also observed that it is neces-
sary to take into account the impact of each violation on the
project.

So, we create a third indicator: the Programmer Guidance-
2 (PG-2) index is obtained from the ratio of the sum of the
SQALE’s Impact Factor* of new issues by the sum of the same
factor on issues resolved®.

B BLOCKER = 5000
S w(A(®i)) CRITICAL =250
PG2 = Z;l cif w={ MAJOR =50
> w(R())) MINOR =15
=t INFO =2
3)
C. Rating

The calculated metrics are provided to students through an
Eclipse IDE interface. In order to help the student to evaluate

3If the SonarQube server has no reported issue (new project, for example),
the number of local issues will be returned.

4The Impact Factor is defined on SQALE method

SIf the developer has not resolved any issues, the number of new issues
will be returned.

and to understand how the quality of his/her code is, we use
the values obtained from the indicators to classify the source
code quality using five categories, where level A represents a
very good maintenance.

On the other hand, level E indicates many problems in
the code after maintenance. In this case, the student should
consider revising his/her source code before submitting it to
the project repository (the goal is to ensure that bad coding
does not affect software quality).

It is possible to observe in Table II the categorization of
results obtained by the Programmer’s Guidance indexes calcu-
lation. PG and PG2 indexes are based on SQALE indicators,
but rPG index considers that, if the student solved 10% of
problems, it’s a very good maintain. On the other hand, if
student introduces 10% more problems, the maintenance will
be considered as very poor quality.

Table II. Categorization of the results obtained into 5 different classes,
where A is a very good maintenance and E a very bad maintenance.

[Class | PG | rPG [ PG2 |

<02] <09 [ <02

<04 ] <10 | <04

C [ <06|<105] <06

D <08 ] <11 | <0.8
H >08 | >1.1 | >0.8

To exemplify the values provided by these category indica-
tors, we will consider two situations: (1) during maintenance
process, the student was capable to solve 6 issues, but in-
troduces one new issue; (2) during another maintenance, the
student solves two more issues, resulting in 8 solved issues,
but with more faults too.

On the second case (see Table IV), the student perform
more corrections, resolving 8§ issues during their maintenance.
Although the student solved more problems, he also committed
5 violations, against only one of the other example.
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Table III. Example I - 6 resolved issues and 1 added.

| Indicator | Value | Class |
PG-Index 0.1667
rPG-Index 0.9515
PG2-Index 0.3125

Table IV. Example II - 8 resolved issues and 5 added.

Indicator Value | Class |
PG-Index 0.625 D
rPG-Index 0.9709
PG2-Index 0.5907 C

By comparing Table III and Table IV it is possible to notice
that PG-Index ranged from A to D, PG2-Index ranged from
A to C. That is, quantitatively the number of issues solved
may not indicate an improvement in the quality of the project,
if the committed violations have a greater severity, even in a
smaller quantity.

IV. METHODOLOGY AND EVALUATION

As mentioned previously, SonarQube platform is very useful
and has been used in professional environments. But Sonar-
Qube platform is not suitable to educational purposes. So, it is
difficult to implement a methodology capable of helping the
students.

We aimed to ensure that the student would be able to
perceive, in fact, how his/her decisions can affect the project
quality, without necessarily to submit source code to reposi-
tory. We performed a qualitative analysis using questionnaires
to verify if the students could clearly perceive the quality of
their maintenance.

In order to carry out the proposed tasks, each student should
use a computer connected to the Internet, able to access our
previously configured SonarQube server. Each computer had
an Eclipse IDE installation as well as SMaRT plug-in and an
already configured project.

After completing the task, we asked all volunteers to send
us the modified source codes — we would be able to compare
and analyze if the student’s perception of the quality of his/her
maintenance was according to what s/he indicated in the
questionnaires.

During the analysis of data provided by the students, we did
not take into account, for example, if there was an evolution in
the quality of the maintenance. We were interested to ensure
that our methodology was able to allow a better understanding
by students.

A. The Pilot Study

We conducted a pilot study of a controlled experiment,
which a group of students was randomly divided into two small
groups. Due to the large number of concepts that involve the
Software Engineering discipline, we chose to exclude students
who had not been approved on that course.

Prior to the activities, a “Free, Prior and Informed Consent”
(FPIC) form was provided to all participants. The volunteers
were instructed to read the document and, in the case of non-
acceptance, they would be excluded from the experiment.

Before carrying out the proposed activities, we gave a
brief presentation of the tools and concepts involved with
our project. SonarQube™ platform is integrated and pre-
sented throughout the “Software Development Life-Cycle”
(SDLC). We demonstrated the main SonarSource tools —
SonarQube Server, SonarQube Scanner and SonarLint. Finally,
we demonstrated SMaRT tool and how it integrates into the
SonarQube™ platform during the SDLC.



In order to ensure volunteers could understand the expla-
nation and if they would be able to perform tasks using the
presented tools, we proposed a training section task, which
allowed the participants to test their skill by interacting with
the development environment.

We prepared source codes by introducing common de-
fects, normally caused by developer’s mistakes. Both train-
ing and main activity source codes were commons “Object-
Oriented Programming” (OOP) educational learning samples,
like Banking and Library applications. At the main task, we
provided the same source code to both groups. First group was
able to use SonarLint plug-in, a SonarSource application to
give some reports inside developer’s “Integrated Development
Environment” (IDE). On the other hand, second group was
asked to use SMaRT tool.

Volunteers from each groups was challenged to individually
perform maintenance task prior to solve problems like bugs,
security fails and code snippets non-compliant, with coding
good manners and language standardizations.

To evaluate the approach and the proposed tool, after the
main task, we applied a survey to students. Our goal is to
identify if the students were able to use SMaRT as well as they
had a better understanding of how their maintenance impacted
source code quality.

B. The Questionnaires

Before starting the proposed tasks, we applied a survey
to evaluate the profile of the volunteers, in order to identify
if the volunteer fit the requirements that we expected to
participate in the research. The questionnaire had just simple
questions to ensure that the student completed courses that
provide knowledge needed to understand the experiment. The
questionnaires used to analyze our results are presented below.

1) Activity Questionnaire: Questions 1 through 6 helped
us to identify if the student was able to properly understand
and operate SMaRT. The following questions focused our
project, aiming to verify if the student was able to perceive
and evaluate his/her maintenance results. The questions are
presented on Table V.

Table V. Activity Questionnaire

[ Question |

1) In how many classes did you make any kind of modification?

2) What was the HIGHEST degree of severity among the violations
resolved?

3) What was the LOWEST degree of severity among the violations
resolved?

4) How many violations do you believe to have resolved?

5) How many violations do you believe to have introduced?

6) Explain how you did to know the number of violations committed
and corrected;

7) Soon after you started using the tool, could you assess the quality
of the code?

8) Explain how you would assess the quality of the code at the start
of maintenance;

9) On a scale of 1 to 5, how would you rate the quality of maintenance
you performed?

10) Justify the note given regarding maintenance performed.

After all the activities, we applied a third and last survey
which the students could evaluate our tool with respect to the
ease of use, the reliability and we ask they to collaborate with
ideas for future projects.

2) Final Questionnaire: All questions were open-ended
questions. We ask that all participants in the research be as
clear and direct as possible and explain to them the importance
of sincere and accurate answers to our evaluation (Table VI).

Table VI. Final Questionnaire

[ Question |

1) Was the training sufficient to explore and clarify the operation of
the tools?

2) With what tool was it possible to identify the problems present in
the code in a more simple way (SonarLint or SMaRT)?

3) What were the biggest challenges encountered when using the
SMaRT tool?

4) Would you use the SMaRT tool in your projects?

5) What do you like about the SMaRT tool?

6) What do you dislike about the SMaRT tool?

7) What changes do you suggest to the SMaRT tool?

C. Results

As described on Section IV, we performed qualitative analy-
sis of each participant answers. The motivation for conducting
a qualitative analysis is strongly related to our goal: to support
student to evaluate the quality of their maintenance.

Regarding the training performed, all the students reported
that the training was enough to carry out the proposed activity.
It’s evidenced on students feedback, same as the following:
“the training was objective in what we should do and what
tools we should use”. It was also evident that SMaRT presented
a simple and user-friendly interface to the students, since all
the volunteers informed found no usability difficulties.

All the students indicated that the task of identifying how
many violations were committed/corrected after maintenance
was simpler when using the SMaRT tool. We identified the
facility from the answers given to Question 6 of the Activity
Questionnaire. Answers like: “I could observe the quality of
my maintenance through the Quality Code indicator in the
tool” or “I was able to analyze from the summary of the new
issues” showed that the students were able to understand the
idea of the tool and mainly to correctly evaluate the quality
of their code.

The biggest challenge pointed out by majority ( 75% )
of students is related with the time of analysis. In fact, for
an academic-level project, with something between 5 to 10
thousand lines of code (KLOCs), the analysis time ranged
up to 40 seconds. The high time spent is due to the need
of analyzing the source code, compute the statistics and
still communicate with the SonarQube Server, depending on
external factors such as the bandwidth of Internet connection.

The time spent is not detrimental to the progress of the
project, at real use. But the time spent makes it unfeasible
to use SMaRT as a substitute for the SonarLint tool (we do
not intend that, and SMaRT was developed for educational



purpose): as answered, some students suggested a new version
for professional purpose.

We were interested in whether the problems encountered
would be enough to discourage students on using SMaRT. No
students responded that they would not use our tool, but a
small number of students answered they would use SMaRT
only on academical projects.

Finally, according to the analysis of questions 9 and 10 of
the Activity Questionnaire, we had evidence that the students’
evaluation regarding the quality of their maintenance was
similar to the values indicated by SMaRT, using the metrics
proposed. Only one student could not rely on the results
provided by SMaRT to evaluate the quality of his code.

V. FINAL REMARKS

The present study makes several noteworthy contributions to
demonstrate to the student the importance of Software Quality
Assurance (SQA), a field of Software Engineering responsible
for ensuring that software products are developed with quality.
We developed a tool, named SMaRT, based on a well-known
continuous inspection tool, aiming at supporting students to
maintenance tasks — the analysis of source code allows the
students to evaluate how the quality of the code present in
their local repositories is, without compromises the project
repository.

In addition, pilot study of a controlled experiment was
conducted. We asked students to perform maintenance tasks
on a source code prepared with addition of some common
defects. From the applied questionnaires, we were able to
have evidence that our proposed tool helps the students to
understand what a source code with quality is.

A further study will assess the long-term effects of using
the methodology focused on supporting the learner to evaluate
the quality of her/his code and understand what actions s/he
should, and should not, take to improve the project quality.
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