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Abstract—Crowdsourcing (CS) is a development model in
which small activities are carried out through the collaboration of
participants. Many organizations are developing their products
through CS to parallel activities, reduce costs, and employ
specialists. These factors have boosted the area of informatics,
creating a new paradigm for the development of software. How-
ever, despite the widespread application of CS in informatics, the
literature on teaching and learning CS for undergraduates is still
very incipient, and the informatics courses aimed to maximize
only the teaching of traditional development processes (Agile,
distributed, etc). With this in mind, this study was developed to
present the following contributions: (i) a personalized process of
teaching and learning CS to the undergraduates in computing
courses, and (ii) demonstrates the configuration that a classroom
and/or computer lab should possess to generate a CS teaching
and learning environment. To accomplishment this study, exper-
imental trials were conducted with undergraduates in different
courses in informatics. In conducting the trials, classrooms and
computer labs at a university were set up simulating barriers
found in CS. As results, all undergraduates have accomplished
and reached the ultimate goal through CS, and the process of
teaching and learning allowed for the enhancement of several
factors, such as teamwork, integration, and support.

I. INTRODUCTION

The term crowdsourcing (CS) was coined by Howe [1]
after observing a change in the business model of several
organizations. The problems and activities of these organi-
zations were exposed to groups of people who contributed
their own innovative solutions without being characterized as
outsourcing, but a distributed model of contribution [2]. This
model was driven by the development of new technologies,
enabling the use of CS in several areas such as text translation,
image labeling, software development, and marketing [3].
Along these lines, CS improved engagements and established
a collaborative link between the public and organizations [4].

Presently, CS has become massive and has created a new
trend in the software development model based on collabo-
ration and innovation [5]. Thus, this new model encouraged
the adoption of CS in software projects; however, educational
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institutions are still not preparing undergraduates for this type
of development, using collaboration and the exchanging of
experience [6]. Educational institutions focus on teaching the
concepts of traditional models, such as Agile or distributed
development to educate undergraduate students, minimizing
their attention on the actuality of CS in undergraduate courses.
According to Karataev and Zadorozhny [7], this prerogative
can be sustained by the fact that CS is still a development
model considered new, complex, and extremely difficult to be
applied to undergraduate learning.

According to Bosnic et al. [8], another costly factor in
teaching and learning CS is the complexity of configuring
the participants in the classroom. The authors state that a
distributed teaching and learning process can become costly
or even impossible to configure because of the dispersion. In
addition, CS also demands content creation and feedback from
undergraduates to check progress, increasing the teacher’s
workload [9].

Nowadays, contributions to the teaching and learning of CS
can be found in literature through technological means, such as
on-line tools and tutors [7], [6]. Yet, these works present a set
of limitations on the setting of CS for students, representing
a gap for applying CS in the classroom. Collaboration is ex-
ploited minimally, besides not demonstrating the configuration
processes for the execution of teaching and learning CS. With
this scenario in mind, this paper seeks to exhibit a substantial
gain for the configuration, teaching, and the learning process
of CS for students. The contributions of this study encompass
two domains: i) a process for the environment and presentation
of CS for students and ii) present the configuration that
a classroom must support to simulate a CS environment.
The validation method adopted for this research was the use
of experimental trials with a group of undergraduates with
backgrounds in System Analysis, Software Engineering, and
Computer Engineering courses. The results demonstrated that
CS can be implemented for teaching and learning of students



through the application of a process organized in 3 levels.
Among the main highlights of the CS process, communication,
teamwork, and collaboration were praised.

The rest of this study is organized in the following sections:
Section II, introduces the literature review about CS. Section
II, presents the works that provide synergistic results to
this study. Section IV presents the original process and its
modeling for the CS environment. Section V, describes the
validation methods and procedures. Section VI, demonstrates
the results obtained. Finally, Section VII, presents the final
conclusion and limiting factors of this study.

II. CROWDSOURCING

The term CS, presented by Howe [1] in 2006, defined a
new business model. This model referred to the technological
advances that allow activities from organizations to be carried
out by a crowd of people. However, without characterizing
as a type of outsourcing, but using an open call to perform
a service or task for a heterogeneity network of participants
[10].

According to Howe [11], the amount of knowledge and
talent dispersed between a set of people, through CS, exceeds
individual capacity, evidencing the use of knowledge as a way
to create, disseminate, validate, and innovate ideas [12].

In crowdsourcing a leader divides the
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Fig. 1. Crowdsourcing Process Inpired by Suganthy and Chithralekha [5]

In order to facilitate the understanding of the CS process,
the approach proposed by Suganthy and Chithralekha [5] was
used in the application of CS for software development (Figure
1). The process of CS employs a leader, who is responsible
for selecting the work that will be developed by CS. This
leader divides the workload into small portions and distributes
them to groups of people interested in its development. At this
point, CS is innovative compared to other traditional models.
Rather than the leader selecting a group, online workers,
who show an interest in the development of this activity
(whether by financial reasons, status, or professional appeal),
send contributions to help develop this portion of work [10].

IIT. SIMILAR WORKS

The literature has a set of works with objectives and
synergistic results related to this research, so, three works that
present similar contributions were selected. The first similar
work (SW1) was presented by Karataev and Zadorozhny [7],
introducing a model that allows the creation of educational

content in small lessons. These lessons are adaptive and social,
similar to the CS concept. As a result, the authors demon-
strated that collective learning experiences can be efficiently
shared with the use of small lessons.

Challenges related to the efficiency of undergraduate learn-
ing were addressed by Anderson [13] in a second similar
work (SW2). In this study, the author used mechanical social
learning by combining communication between students and
mentors. With this, a CS concept, capable of connecting
and making stored information available for student use, was
generated.

CS was also analyzed jointly by researchers affiliated with
universities in the United States, Australia, and China [14]
in the third similar work (SW3). The authors presented a
self-taught learning paradigm that uses the complementary
knowledge of each participant to add to the knowledge of the
crowd. The results showed that the self-taught learning process
in CS minimized error and costs.

As it was presented, CS has been studied for application
for the teaching and learning. However, the works analyzed
present a set of limitations on CS configuration. To demon-
strate the comparison of similar works, Table I presents the
study referenced, CS method used, and limitations in each
approach:

TABLE I
ANALYSIS BETWEEN SIMILAR WORKS
Ref Crowdsourcing Concept Limitation
(SW1)  Teaching based in small lessons  Setting up the CS environment
(SW2)  Communication in group Unavailability of mentors
(SW3)  Knowledge of the crowd Setting up the CS environment

The use of CS through small activities for a crowd was dis-
cussed in the work of Karataev and Zadorozhny [7]. However,
the configuration of the teaching and learning environment
was not presented in the work. This limitation was also found
in the Fang et al. [14] approach. Finally, the unavailability
of knowledge-bearing mentors was found by Anderson [13].
The teaching and learning process proposed in this study
supplies the perceived limitations. Furthermore, it discards the
availability of mentors since the public is dynamic and it also
offers the configuration contribution of a CS environment.

IV. BACKGROUND

The creation of the CS teaching and learning process was
developed from the traditional process of teaching and learn-
ing. Therefore, the original process was adapted for CS reality,
with the configuration, dispersion, and necessaries tools.

A. Original Process

The original process was developed by Fabri et al. [15] to
present to students, who were enrolled in computing courses,
teachings related to software process and management of
software projects. This method was selected to base the current
process on the following characteristic:



i) The process was evaluated in an academic way (using
graduate students) and in an industrial way (using pro-
fessionals in the software development field). With these
factors, the results obtained demonstrated high success.

According to Fabri et al. [15], the process was conceived in

three multidisciplinary stages carried out to assist understand-
ing a particular topic:

o In the first stage, the students are acclimated with
the theme through theoretical presentations, being the
teacher’s role to select and build the support material to
present to them.

« In the second stage motivation is given to the students
for the practical application of the theory previously
presented. At this stage, the teacher selects and composes
the objectives that should be evaluated.

o Finally, the validation process is verified through the
development of students’ skills. For the validation process
evaluation tests should be conducted.

The original process was configured in interconnected and
sequential steps, as shown in Figure 2.

’ Motivation I I Validation

= Materials and = Content and « Application of
presentations compounds concepts

Fig. 2. Teaching and Learning Process Proposed by Fabri et al. [15]

The presented process was based on the implementation of
the three steps described above. Much of the work to be done is
directed at the teacher, such as the preparation of the material
and the evaluation procedure. To adapt to CS reality, a new
step for the environment setup was created and with this, the
teacher’s workload was reduced.

B. Teaching and Learning in Crowdsourcing

To apply the teaching and learning process in CS, the
original process of Fabri et al. [15] was remodeled as follow:

o 1. The first step has not been modified, but the teachers
can apply successful examples of CS to solve challenges
related to the focus of their teaching. These examples are
found in literary works, such as the use of CS in social
networks [16], geographic mapping [17], or marketing
[18], etc.

o 2. Configuration: This step has been added to allow
students to experience an environment that simulates the
CS reality. In this way, variables capable of controlling
the communication and the dispersion were added. To
organize the configuration of the CS environment, three
levels were created:

— Level I: Students are in the same room but in dif-
ferent groups. The groups can only communicate via
electronic chat. It should be noted that at this level,
there is no temporal dispersion, and therefore the CS
simulation for students is low. Also, different groups

can have the same activity. In order to improve the
CS simulation and the collaboration, the tasks must
be dependent. A practical example is a creation task
(group A) and the second task is the validation of
the first task (group B).

— Level II: At this level, the undergraduate students
are separated into two or more groups. Each group is
allocated in a classroom. Thus, personal communica-
tion between students of different groups is impaired
and will only happen via electronic chat, but the
communication between the students of the same
group can be personal or via electronic chat. In this
scenario, CS is considered intermediate. This level
provides a much closer proximity to CS compared
to the previous level. Thus, it is possible to distribute
the same activity to both separate groups in separate
rooms and to conduct a dispute over which one
finishes the task first.

— Level III: At the last level, students are dispersed

both temporarily and physically. Such an approach
ensures that everything is developed outside the
classroom, and communication takes place only via
electronic chat. As students are dispersed, each one
of them becomes a unique entity. Therefore, several
activities can be created and distributed randomly
among themselves.
This is the most complex level and the one that most
closely approximates to the reality of CS since the
students face real problems that CS poses, such as
communication problems, asynchrony, and deadline.
Collaboration is necessary for the execution of the
activities, and students should understand and apply
this concept to conclude them. Until the previous
levels, each group formed a unique entity operating
for the development of the task. However, with the
physical and temporal disparity, each student be-
comes a unique entity and the results depend entirely
on the contribution of all.

In all levels, a platform equipped with communica-
tion chat should be adopted to provide communication
amongst students. This way, CS platforms, electronic
chats, or information bases can be used. It should also
be noted that information and communication logs are
important for the validation process of level II and III, as
the teacher is not able to be present with groups/students
during the execution.

3. Motivation: The theoretical motivation was treated to
select an exercise capable of developing CS activities.
As presented in the first stage of this process, there are
several examples that can be simulated and/or adapted
to be conducted with students. The activities should
enable students to use group knowledge, collaboration,
and communication to replicate CS characteristics.

4. Validation of teaching: To verify if the students were
able to capture and apply the knowledge of CS, the



results of the activities should be evaluated. A simple
evaluation method verifies whether the goal outlined has
been successfully achieved or not. If the students reach a
solution using their combined knowledge coupled with
the group collaboration it’s likely that students have
learned the CS work method. It is also proposed that the
log chat communication is examined to verify if there
was the collaboration between the students.

The main modifications in the original process deal with the
insertion of a new stage: the configuration and the remodeling
of the Motivation stage to CS reality and the teacher’s work-
load reduction. The composition of the teaching and learning
process for CS is presented in Figure 3.

Theory Settings
= Materials and * Level |
presentations = Level 1l
sLevel 111
Motivation Validation
* Content and » Application of
compounds concepts

Fig. 3. Teaching and Learning Crowdsourcing Process

After reshaping the process to the reality of CS, the valida-
tion process was started. In this way, three experiment trials
were conducted to verify the performance of the process on
the CS reality. Each trial was designed to test the process
configuration levels.

V. VALIDATION

To validate this work an experimental approach was
adopted. For this, the protocol, proposed by Wohlin et al. [19],
for experimental trial was selected.

A. Characteristics of Problems Studied

The CS teaching and learning process has three levels of
configuration. With this, three experimental trials were con-
ducted to validate the process. For level I and 11, a CS initiative
belonging to Federal Technological University - Parana was
selected. This initiative uses Legos Mindstorms robots for
teaching and learning programming and project management
for students in Systems Analysis, Software Engineering, and
Computer Engineering courses. For Level III, a Systems
Analysis group was selected to perform the Requirements
Engineering stage of a software project using CS.

Presentations were given to the participants of each exper-
imental trial and in the end of them, a CS challenge was
exposed. Each challenge was set up to run according to the
stages of the CS teaching and learning process. To validate and

detect collaboration, the analysis of the communication logs
and observation of the participant’s behavior were analyzed.

e Hj Participants did not reach the goal of each experimen-
tal test, demonstrating that CS cannot be systematized in
a process of teaching and learning.

o H, Refutation of Hj.

The hypothesis test was based on the following assumption:
if the participants reached the goal of the challenge using
collaboration, the teaching and learning of CS would have
been achieved.

The challenge of level I was to build a Lego Mindstorms
robot using group knowledge and collaboration. The Level II
challenge was to drive a Lego Mindstorms robot with separate
teams in two distinct environments. The challenge of level III
was to carry out the specification and documentation of the
software project requirements using CS.

B. Methods and Procedures

Level I: To validate the first level, the CS initiative based
on LEGO Mindstorms was used. The Mindstorms have a
widespread use in educational environments as a robotic kit
that allows teaching and learning in areas such as physics,
electronics, robotics, and computing [20]. In the first exper-
imental trial, undergraduate students from Systems Analysis
and Computer Engineering courses were selected to verify the
CS teaching and learning process.

In the theoretical presentation, the students were introduced
to the LEGO Mindstorms initiative. There were presentations
about the concept, use, and programming of robots. About 20
minutes was spent introducing all the basic knowledge.

The students were organized into two groups. The groups
were independent and could not exchange information. Each
group received a kit containing the parts of the Lego Mind-
storms robot.

As motivation, the following objective was adopted: to
verify if the students were able to use collaboration between
the group participants to build a robot capable of moving
autonomously.

In the evaluation process, the authors of this study verified
if the two groups reached the goal, evidencing collaboration.
Both groups employed less than 50 minutes to assemble the
robot.

To synthesize the protocol of the experiment applied to
the process of teaching and learning CS, the steps and their
compositions are presented in Table II:

TABLE I
EVALUATION PROCEDURE IN THE LEVEL I

Step Composition

1. Theoretical Presentation =~ Worked during a traditional lesson with slide
show and explanation

Same classroom, but the students were organized
into two groups

2. Configuration (Level I)

3. Motivation Build a Lego Mindstorms robot capable of mov-
ing autonomously
4. Validation Check whether mounted robots could move




Level II: In the second level the undergraduates were also
organized into four groups. Two groups stayed inside the
classroom and the two others, in a computer lab. It is important
to note that no participant had previous knowledge of Lego
Mindstorms. Thus, the time constraint and lack of knowledge
in Lego made it impossible to attempt any Internet searches
to solve the challenge quickly.

The students were also from Systems Analysis, Software
Engineering, and Computer Engineering courses. The groups
were formed randomly, uniting students from different courses.

Groups A and B were allocated in a laboratory equipped
with computers and internet access. Group C and D were
placed in a classroom without internet and computers. The
objective of this experiment was to verify if the teaching of
CS could be applied in two different environments achieving
similar results.

Both groups received the same task: to program the Lego
software to drive the robot in a circuit. But only the laboratory
had the physical circuit for testing. In the normal classroom,
there was only one image of the circuit. In this mode, each
group should collaborate with its participants to drive a Lego
robot through the circuit.

The total time of the experiment was about 1 hour and 45
minutes, and both groups reached the same objective. Table
IIT shows the contextualization of the second experiment trial:

TABLE IIT
EVALUATION PROCEDURE IN THE LEVEL II

Step Composition

1. Theoretical Presentation =~ Worked during a traditional lesson with slide
show and explanation

Four groups in different rooms: tow groups allo-
cated in a computer lab with computers, internet
access and scenario. Anothers groups allocated in
a classroom without internet and computers
Make the Lego robot complete a circuit

Check order in Lego robot

2. Configuration (Level 2)

3. Motivation
4. Validation

Level III: To test this level the undergraduates of System
Analysis formed a single group that worked collaboratively
using the group’s knowledge to elaborate and document the
requirements of a software project.

All participants were allocated on a CS platform. This
platform had an electronic chat for communication and a
historical basis for project documentation. Participants were
invited to register requirements on the platform. The require-
ments should have an identifier and its description. After
registering the requirement, other participants could assist
in the elaboration by adding details and/or developing the
documentation. As all students were working on the same
project, they should merge and update the documentation, as
well as make constant communication with the participants to
disseminate the progress of the project.

Every participant was enrolled in at least one requirement
on the platform. All requirements were documented in a
standardized way through an identifier and its description. We
invited students to build test cases to verify if the requirements
could be implemented from the participants’ perspective. A

test case represents a set of descriptions used to perform
the test of a requirement, and it can only be developed if
the participants understand its use and expected results. The
contextualization of the experimental trial is presented in Table
Iv.

TABLE IV
EVALUATION PROCEDURE IN THE LEVEL IIT

Step Composition

1. Theoretical Presentation Worked during a traditional lesson with slide
show and explanation

A group with physically distant participants. The
participants used the communication through an

electronic chat and only met in person twice a

2. Configuration (Level III)

week.
3. Motivation Elicitation of requirements
4. Validation Test Cases

VI. RESULTS AND DISCUSSIONS
A. Level I:

The two groups (named group A and group B) succeed in
completing the project, both of them completed the challenge
of assembling a robot with autonomous movement using
collective intelligence through CS. In group A, the assembly
was completed in less than 40 minutes of starting, and after
167 interactions in electronic chat. Group B, spent about 44
minutes performing the experiment and used 103 interactions.

In the individual analysis of the electronic chat, it was
realized that each group adopted the same set of practices
for the experimental trial execution. The crowd, after giving
some suggestions on how to mount, they decided whether the
assembly was correct or not and if it would be better to adopt
a new strategy.

Fig. 4. Final structure of the Group A robot (left) and Group B (right)

The final product obtained by performing the experiment
to validate the level I process was presented in Figure 4. In
addition to the groups successfully completing the assembly
through CS, characteristics such as communication and col-
laboration were evidenced in this level. Finally, both groups
concluded their projects in less than 1 hour.

B. Level 11

In the second experiment, the students were separated into
four groups. Two groups remained in a common classroom (no
computers and internet). The other two groups were allocated
in a computer lab (with computers and internet access). The
two groups that were located in a classroom were tasked
with programming a Lego Mindstorms robot using only the



students’ knowledge, without using the internet for research.
While the two groups allocated in the computer lab had
Internet access and the Lego Mindstorms robot to test. The
robot had a pre-determined circuit (which can be seen in
Figure 5) with a set of challenges.

Obstacles

Fig. 5. The Challenge Circuit

The circuit was only available for groups in the computer
lab. In this way, it was tested whether collective collaboration
among group participants could accomplish the same task in
different environments.

The assembled circuit had a start line, in which the robot
should start its course. The first obstacle to be overcome
was a ramp, and there were three other obstacles that the
robot would have to deflect. When identifying the finish line,
the robot should stop. It was observed that groups located
in the traditional classroom completed the activities before
the groups in the laboratory. This led to the believe that
CS collaboration has become even more effective because it
represents human collaboration.

It was also realized that the scenario in the classroom and
lab influenced the way groups worked. The groups that were
working in the lab spent a lot of time looking for solutions on
the internet, while groups from the traditional classroom have
employed their time debating ideas and solutions. The number
of interactions is detailed in Figure 6:

FL
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Without _Internet With Internet

[winteractions) 29 | 47 | 29 | 25
Fig. 6. Number of Interacions per Group At Level 11

CS approach could be adopted in different scenarios, how-
ever, the internet was a distraction that influenced the groups’
results. Nevertheless, as it can be verified, in both scenarios the
process of teaching and learning CS made possible to achieve
the final objective

C. Level IIl

In the last trial, the participants were invited to analyze and
develop a portion of software production through CS. In this

activity, undergraduates were grouped into a single entity that
should work collectively.

Undergraduates were responsible for developing small por-
tions of work on the same project. The project itself deals
with a web system, responsible for an integration environment
between clients and service providers.

Each student should submit a contribution that was e-
valuated by the researchers. After the researchers’ approval,
a second student should select the activity and develop a test
case for it. If the activities were approved by the researchers
and complemented with a test case, the contributions were
counted in the experimental test.

The undergraduates should develop their activities at dif-
ferent times. To ensure this cohesion, the contributions had
a log dating the day and time of submission. In addition,
undergraduates were encouraged to submit their contributions
in distinct environments to simulate CS with great similarity.
The process executed at level III allowed the mirroring of
activities. In general, some graduates undertook the project
analysis stage, while others were responsible for a test. It was
interesting to note that despite the physical and temporal dis-
persion, undergraduates operated as a single and rational entity,
performing small portions of work in different environments.
One of the contributions provided by the experiment trial at
level III is presented in Figure 7. At Level 111, there was a very
important detection: communication. The participants talked
and debated the project on a daily basis using electronics
chat. Thus, there were submissions on almost every day of
the experiment. It should be noted that this experiment was
carried out within a period of a month and with about 20
participants.

D. Experimentation Highlights

With the execution of the three experimental trials and their
respective analysis, a key CS factor defined as collaboration
was evidenced in the results. The collaboration took place
mainly in three areas: teamwork, integration, and support:

o Teamwork: It represents work focusing on the same goal.
In the three experimental trials, the groups were able to
solve and develop the proposed activities that required
the union of the team. In the experimental tests of level I
and III, it was impossible to reach the final goal without
the support of the team due to the configuration. While
at level II, teamwork was assessed as a facilitator. In the
experiment at the level I, one of the participants wrote
in the chat, “also send me suggestions to get the job
done faster”. Other participant stated, “Is everyone in
the group understanding our strategy?”, and this was
answered with, “yes, but return the current state of the
strategy to identify how we can optimize”.

o Integration: It represents the capacity of the group to
operate with the interaction of all participants. In the ex-
perimental trial of level II, social integration allowed un-
dergraduate student groups to solve the challenge quicker
than groups that used the Internet. The researchers were
allocated in the rooms and laboratories used during the
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Fig. 7. The image represents use case diagrams and fluxograms generate by graduate students using crowdsourcing

level II trial, and it was observed that the students that
were in the computer laboratories dispersed their attention
with the Internet, without effectively contributing to the
ultimate goal.

With the undergraduates of the traditional classroom, the
situation was different: they interacted with each other
to solve the challenges. With this, all students focused
on and offered contributions to the project rather than
dispersing. In the level III experiment, the historical base
used registered the contribution of all the participants for
the submission of contributions.

o Support: It represents the help offered among the par-
ticipants of each group. At Level I, several examples of
mutual support among undergraduates were identified. An
example occurred when the group wrote, “look for the
largest piece to assemble the base of the robot”, and one
participant complemented that with, “the piece that we
refer to is a single piece in the format of the letter '"H’”. In
the Level II, while one participant displayed nervousness
to complete the goal, several participants in the group
supported a positive message indicating that they would
be able to finish on time. Level III, undergraduates with
more experience in online repositories performed a merge
operation between activities for the entire group to work
with up-to-date activities.

In addition to the highlights previously cited, the results
obtained through this study deepened CS teaching and learning
and helped to solve the main gaps in the area. As has been
seen, similar works on teaching and learning CS did not
demonstrate the necessary configuration to apply CS among
undergraduate students. Thus, three levels were identified and
configured for simulating CS in a classroom or computer lab.
Furthermore, another gap persisted regarding the unavailability
of mentors or teachers, this was suppressed with the use of

electronic chats or logs that were audited at the validation
stage. Although our experimental tests focused on only three
distinct courses of computing, there is no impediment to
reapply the process to other undergraduate courses.

In addition to the previously mentioned areas of collabora-
tion, it was also highlighted in the statements that the students
approved the CS teaching and learning process. There were
messages that the experimental trials “served to bring all the
students together” and that “classes and content became more
didactic with the participation of all”.

Due to the support received by the participants, it is be-
lieved that other courses in computing, such as graduation in
Engineering or Computer Science, can apply this CS teaching
and learning process to enhance collaboration.

Collaboration provided by CS can also be understood as
a factor in avoiding teamwork conducted by a few students.
One of the great challenges of teamwork is identifying the
students who have effectively contributed to the group. With
the CS teaching and learning process discussed in this study,
the teacher can operate as an observer at the level I and use
mechanisms, such as historical base records and log analysis
of communication, to filter participants who have contributed
effectively and identify the contribution.

Teaching and Learning Process Crowdsourcing
| Collaboration
Teamwork Integration
1 Weakly
Totally
1 Totally

Support
Totally
Totally
Totally

Levels

Fig. 8. Highlights obtained

As shown in Figure 8, all collaboration features were
fully detected at level III. Level II has strongly demonstrated
integration and support, while teamwork has been partial



because the groups in the room with access to the Internet
have dispersed their attention. Finally, Integration was weak
at level I, this is due to the fact that some students did not
interact during the trial.

VII. FINAL CONSIDERATIONS

CS is still a relatively new model, but it has a variety of
application in diverse areas. More incisively, CS has been
explored as a model for software development in the IT field.
However, higher education institutions still adopt traditional
development models for the teaching and learning of these
undergraduates.

The field of CS teaching and learning has not properly
been explored, gaps in empirical studies and/or studies that
demonstrate the configuration of a classroom needs to support
CS. Supported by this scenario, a CS teaching and learning
process was modeled. The process presented in this study has a
set of steps and descriptions that must be configured to support
CS in the progression of computer courses.

To validate the CS teaching and learning process, three
experimental trials were performed with undergraduates of
different computing fields: Systems Analysis, Computer Engi-
neering, and Software Engineering. As a result, it was detected
that the undergraduates were able to use CS to perform
different activities, from the assembly of robots to the analysis
and structure of web based projects.

The collaboration of CS was exalted among participants,
highlighting teamwork, integration, and support. It was real-
ized that the process adapted to the different environments
and levels to which it was submitted, resulting in a great
collaborative link between undergraduates. Therefore, it is
believed that H; was considered true since the teaching and
learning of CS were systematized and emphasized in the
experimental tests conducted.

A. Limitations and Future Work

An empirical study demonstrates a set of limitations. In this
study, it was realized that although using electronic chat, it
is virtually impossible to block communication between scat-
tered students in the same classroom. It was also perceived that
the trials were performed in only three computing courses, but
the computing area has a greater variety of courses. Finally, all
experimental trials treated the students as crowd participants.
In this way, the activities were defined or managed by the
teacher who acted as project leader.

An important contribution to future work is to consider
an approach focusing on small portions of work. Questions
regarding how small portions can be used in other courses
represent an area of strong academic interest.
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