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Abstract. The Computational Thinking (CT) teaching approach allows students to practice prob-
lem-solving in a way that they can use the Computer Science mindset. In this sense, Col laborative 
Learning has a lot to contribute to educational activities involving the CT. This article presents the 
design and evaluation of a Collaborative Learning framework for the development of CT skills 
in students. To design the proposed strategy, several fundamental features of the Collabo rative 
Learning concept of the literature have been studied and sketched. The strategy was applied to 
middle school students through a digital games programming workshop. Data were collected by 
three means: (1) collecting artifacts produced during activities; (2) recording of game program-
ming sessions; and (3) applying a structured interview to students. The data analysis showed 
evidence that the strategy was able to mobilize Computational Thinking skills in addition to mo-
bilizing collabo rative skills in learners. 

Keywords: computational thinking, game development, collaborative learning. 

1. Introduction

Computer Science (CS) and the use of computers have shown over the years as a promis-
ing means for empowering science and education. According to Papert (1980), comput-
ers may affect the way people think and learn. In this sense, computers can be vehicles 
of powerful ideas and the seeds of cultural change. These devices can help people to 
build new relationships with knowledge that breaks with the traditional conception 
which sepa rates Humanities from Natural Sciences and self-knowledge from both of 
these. However, the use of computers in the classroom must go beyond just receiving 
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instructions from the machine which means making the computer “teach” the learner 
(Papert, 1980). Educators need to apply a constructivist vision to these learning activi-
ties. In this context, Computa tional Thinking (CT) has a lot to contribute. CT is seen 
as a problem-solving approach so that the solution can be implemented on a computer 
(Barr and Stephenson, 2011). In this way, teaching activities based on CT should use 
and develop in students a set of CS skills. 

However, the CT teaching should not be limited to technical features and comput-
ing meth ods, it is necessary to take into account areas of values, motivations, feelings, 
stereotypes and attitudes which include having students work with others to achieve 
a common goal or solution (Barr and Stephenson, 2011). Therefore, Collaborative 
Learning has a lot to contribute to this aspect. 

In summary, collaboration or collaborative work can be understood, in general, 
as working together to achieve a goal (Martinez-Moyano, 2006). According to Rubin 
(2002), collaboration has relationships between people as its core principle. To perform 
a Collab orative Work, one should cultivate skills of relationship building and manage-
ment. In the educational context, Vygotsky’s social interactionist theory considers so-
cial interac tions as the basis for people’s cognitive development (Monereo and Gisbert, 
2005). In this sense, Collaborative Learning procedures provide a means for students 
to learn new subjects while developing social skills (Monereo and Gisbert, 2005). It is 
excellent for conceptual learning, creative problem solving and developing academic 
language profi ciency. Socially, it increases trust and cordiality. Also, it teaches team 
skills that can be transferred to many situations that go beyond the school context (Mo-
nereo and Gisbert, 2005). 

Therefore, this article presents the design of a Collaborative Learning conceptual 
framework for the development of CT in students through digital game programming 
ac tivities. The proposed approach is part of a teaching strategy that involves two other 
frame works: problem-solving and agile-software engineering. In de Jesus and Silveira 
(2020) we describe the agile software engineering framework. In de Jesus and Sil-
veira (2019) an overview of the teaching strategy is presented, but without consider-
ing final results, es pecially concerning the collaboration aspect. In this article, we will 
describe in-depth the collaboration framework that is the main element that composes 
the teaching strategy. Be sides, the results achieved in this dimension will be presented 
and discussed in depth. The framework development took into account the mapping of 
collaborative learning features described in the literature; elements of widely adopted 
cooperative learning methods; and the outcomes of a systematic review of the literature 
regarding collaborative learning and CT and the application of teaching practices. The 
approach was evaluated through a game development workshop applied to 12–15 years 
old students from 7th and 8th grades of middle school. In this sense, data were collected 
by recording the programming sessions, performing structured interviews and collect-
ing minutes of meetings held between student teams. The analysis of the recordings was 
performed through a social graph built from the interactions between learners during 
the implementation of the solutions. 
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2. Theoretical Background 

2.1. Computational Thinking 

CSTA and ISTE (2011) describe Computational Thinking as a problem-solving ap-
proach that highlights the integration of digital technologies with human ideas. This 
approach focuses on logical reasoning related skills, creativity, and critical thinking, 
while empha sizing ways to organize a problem so that a computer can aid in its solution. 
Barr and Stephenson (2011) argue that Computational Thinking can be understood as 
a problem-solving methodology that can be automated, transferred and applied across all 
subjects. Students do not become just tool users, but builders. According to the research-
ers, stu dents should use a set of concepts (such as abstraction, recursion, and iteration) 
to process and analyze data, and to create real or virtual artifacts. 

2.2. Collaborative Learning 

Collaborative Learning is a methodology that converts heterogeneity (which can be 
found in any group) into a positive element that facilitates learning. This strategy en-
hances psy chosocial interaction skills. These abilities include points of view accep-
tance, communi cation, negotiation, self-esteem, etc. Also, these skills are based on val-
ues such as mutual help and solidarity. It’s known that the potential of interactions is 
a motor for meaningful learning (Monereo and Gisbert, 2005). Gokhale (1995) explains 
that the term Collabo rative Learning refers to an instruction method. This method re-
quires students to work together in small groups toward a common goal, at various 
performance levels. In this sense, learners are responsible for one another’s learning as 
well as their own. 

2.2.1. Collaborative Learning Features 
Collaborative Learning Methods must have a set of features that distinguish them from 
tra ditional teaching approaches. Table 1 shows the characteristics of a Collaborative 
Learning group in contrast to groups from “traditional” teaching approaches, according 
to (Johnson et al., 1984). 

In addition to the elements described in Table 1, it is necessary to consider other fea-
tures introduced in the literature. Group members must respect and highlight individual 
group members‘ abilities and contributions (Panitz, 1999)(J). Collaborative approaches 
should enable metacognition skills development (Lee, 1997; Torres and Irala, 2014)
(K). Peers with approximately the same level should perform the same actions, which 
is called symmetry (Dillenbourg, 1999)(L). In collaborative situations, students need 
to work to gether so there must be a division of labor (Dillenbourg, 1999)(M). Finally, 
learners must be intrinsically motivated (Lee, 1997)(N). 
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2.2.2. Collaborative Learning Methods 
Collaborative learning methods are common ways of organizing procedures and strate-
gies to achieve collective goals related to learning. As noted earlier, collaborative learn-
ing requires a different environment from traditional ones, as teachers and students play 
new roles (Castro et al., 2011). 

Peer Tutoring: ●  this method consists of forming pairs of students with asymmetric 
rela tionships (one tutor and another tutored) and with a common goal, known and 
shared. 
Jigsaw: ●  The central idea of the Jigsaw strategy is to investigate a theme from 
individual explorations that bring to the group the “pieces” for the assembly of 
the “jigsaw.” A division-and-conquest process is applied to the theme, and each 
part of the division is initially explored by an “experts group”. The contribution 
of each specialist member is essential for the team to learn the lesson (solve the 
jigsaw). 
Group Investigation: ●  this approach understands the class group as a social com-
munity that researches a particular topic. Thus, the class-group acts as the sci-
entific community, in which a theme of mutual interest is divided by teams into 
subthemes. 

2.3. Coding Dojo 

Coding Dojo is a programming learning technique based on agile development values. 
The main Coding Dojo goal is to act as a safe and non-competitive environment, in 
which everyone is allowed to learn and make mistakes and share their knowledge so that 
everyone can improve and become better at their craft (Heinonen et al., 2013). A Coding 
Dojo is defined as a periodic meeting (usually weekly) organized around a program-
ming challenge where people are encouraged to participate and share their coding skills 
with the audience while solving the problem (Sato et al., 2008). Collaboration, through 
knowledge sharing and discussion of ideas, is one of the central principles of the Cod-

Table 1
Collaborative Features according to Johnson et al. (1984)

Cooperative Learning Groups Traditional Learning Groups 

(A) Positive interdependence No interdependence 
(B) Individual accountability No individual accountability 
(C) Heterogeneous Homogeneous 
(D) Shared leadership One appointed leader
(E) Shared responsibility for each other Responsibility only for self 
(F) Task and maintenance emphasized Only task emphasized 
(G) Social skills directly taught Social skills assumed and ignored
(H) Teacher observes and intervenes Teacher ignores group functioning
(I)  Group processes their effectiveness No group processing 
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ing Dojo. This way, Pair Programming is one of the methods that the Coding Dojo uses 
to promote learning. One of the benefits of Pair Programming is that it allows constant 
knowledge sharing with the programmer’s team (Cockburn and Williams, 2000). In this 
approach, two persons use a single workstation and act together to pursue a goal. The 
person who possesses the keyboard is often called the driver (or pilot) while the other 
person is called the navigator (or co-pilot). 

2.4. Computational Thinking and Collaborative Learning 

Computational Thinking demonstrates a close relationship with Collaborative Learn-
ing. Barr and Stephenson (2011) described CT values such as setting aside differences 
to work with others to achieve a common goal or solution; and knowing one’s strengths 
and weak nesses when working with others. The authors also report strategies to benefit 
the CT learning experience, which includes the accomplishment of teamwork among 
students, with explicit use of negotiation (groups within the team working together to 
merge parts of the solution into the whole) and consensus-building (working to build 
group solidarity behind one idea or solution) among other elements. These are essen-
tially collaborative as pects. The standards for Computer Science teachers, proposed 
by CSTA (2011), report that effective Computer Science teachers should support stu-
dent collaboration. In this sense, the teachers should provide structured opportunities 
(like collaborative learning methods, for instance) for students to collaborate in the 
Computer Science field. These practices are performed to develop students’ ability to 
provide, receive, and respond to constructive feedback in the design, implementation, 
and review of computational artifacts. Dybdal and Bjorn (2017) argue that strategies 
of moving beyond the keyboard and screen, including considerations of the socially-
embedded context, are relevant for programming at various levels of education and 
participation. 

Besides, it should be noted that systems development is usually a collective effort 
(Teles, 2004). The success of a software project involves the quality of the constant in-
teractions between the members of the development team. Teles (2004) also argues that, 
in Computer Science courses, it may be interesting to prepare professionals who are 
more in tune with the human factors that affect the software design process. Pham and 
Pham (2011) report that when team members do not understand each other and nothing 
is done about it, the project almost always ends with problems as they perceive. The au-
thors argue that one of the rules of engagement in software development is that everyone 
must depend on everyone to work as a team. 

3. Research Methodology 

The employed research method attempted to follow the subsequent steps: (1) per-
form a literature review regarding the main features related to Collaborative Learn-
ing; (2) per form a literature review regarding characteristics of Collaborative Learning 
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methods; (3) employ a systematic literature review on CT and Collaborative Learning 
(section 4); (4) design of the proposed framework according to the data collected in the 
previous steps; (5) perform a game development workshop to assess the framework as 
reported in section 7; (6) employ the data collection and analysis methods described in 
section 6. It should be noted that steps 5 and 6 were carried out simultaneously. 

4. Systematic Literature Review 

The purpose of the systematic review was to understand how collaborative learning was 
being used in Computational Thinking activities. The procedure adopted to conduct the 
systematic review was based on the method described by Kitchenham (2004). The full 
results of the systematic literature review can be found in de Jesus et al. (2019). Thus, 
the purpose of this section is only to report an overview of the employed method and 
outcome in summary. To carry out this task, the following research question was first 
for mulated “How does Collaborative Learning manifest itself in activities that use and 
stim ulate Computational Thinking?”. From this core question, the search String was 
defined which was structured in the following format: “computational thinking” AND 
(“collab”* OR “cooper”*). 

It’s noteworthy that the string considered the varieties that could arise from the term 
“collaborative” to reach a larger set of studies. As some authors do not yet differentiate 
the terms of Collaborative Learning and Cooperative Learning Panitz (1999), the word 
“cooperative” was also considered in the search string. 

The research has been restricted to the last 5 years since it’s a constantly emerging 
field and it’s expected to obtain current studies that consider the knowledge already pro-
duced by the previous work. The search was performed in two important databases: 

CAPES Journal Portal (CAPES, 2017): This is a site that allows access to several  ●
inter national journals in multiple knowledge domains. The publication’s impact 
factor, ac cording to the Journal Citation Reports of the Institute for Scientific In-
formation (ISI), is one of the main criteria adopted for the inclusion of journals on 
this data basis CAPES (2017). 
ACM (ACM, 2017): This base was chosen because it was the institution in which  ●
the term Computational Thinking gained popularity among researchers. It’s a base 
that aggregates several articles in many research tracks in Computer Science. 

Articles were first filtered by the abstract. In this stage, papers in which the concepts 
of Collaboration and Computational Thinking were approached very superficially. Stud-
ies that raised doubts about the depth of addressing key concepts or about their contribu-
tion to the research question were further refined by consulting the articles’ full text. 

Once the articles were selected, in order to identify trends, advances and limitations 
in this research track, a series of classifications was performed. The following are the 
defined classifications: (1) Empirical/Conceptual; (2) Target Audience; (3) Research 
Instruments; (4) Collaborative Model Performed; (5) Model of Activities Developed; 
(6) Developed Artifacts; (7) Technologies Used in Activities; and (8) Conceptual Work 
Model. 
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The procedure involved 523 articles retrieved from the databases. After filtering, 37 
studies were defined as appropriate (according to the research question) and underwent 
the proposed analysis and classification. One of the main gaps found, among others, was 
the lack of studies that explore more structured collaborative learning approaches or em-
ploy a set of collaborative features from the Education literature. Therefore, the design 
of the proposed framework aimed to overcome this sort of limitation. 

5. The Collaborative Learning Framework 

The theoretical background section presented some of the Collaborative Learning meth-
ods. However, these procedures have been designed to be very general. The Computa-
tional Thinking field has its own characteristics that may not be considered in the best 
way by the direct employment of these methods. Therefore, it’s necessary to develop 
an approach that takes into account the possibility of building and testing technologi-
cal artifacts, proposing solutions to problems as algorithms, using abstraction among 
other elements that make up the Computational Thinking mindset. Despite this, these 
procedures have strong collabo rative foundations that have already been validated in the 
literature. Thus, these principles were observed in the proposed framework: 

Peer Tutoring: ●  the responsibility to teach each other, which in the proposed 
framework is represented by Pair Programming (as well as in the Coding Dojo). 
Jigsaw: ●  activities that must be solved in the groups and each learner must contrib-
ute. Sense of belonging to a team that must achieve a goal. 
Group Investigation:  ● the possibility of participating in the choice of the theme 
(choice of the game to be implemented) and having a goal to be faced. Reflection 
on teamwork. 

Some values and elements were also based on the Coding Dojo approach, especially 
the practice of Pair Programming. In this way, the framework uses an adaptation of this 
approach also involving time-boxed rounds of a period of 5 minutes. 

Also, the main collaborative features analyzed in the literature, as presented in the 
The oretical Background section, were enumerated so that they could be taken into 
account in the framework design: (A) Positive interdependence; (B) Individual ac-
countability; (C) Heterogeneity; (D) Shared leadership; (E) Shared responsibility for 
each other; (F) Task and maintenance emphasized; (G)Social skills directly taught; 
(H) Teacher observes and intervenes; (I) Group processes their effectiveness; (J) Re-
spect and highlight the individu als’ skills and contributions; (K) Metacognition’s skills 
development; (L) Symmetry; (M) Division of labour-work together; and (N) Intrinsic 
motivation. 

Fig. 1 illustrates the steps of the collaborative learning approach. Steps from 1 to 6 
are performed iteratively. Steps 7, 8 and 9, although important, are optional and do not 
need to be performed exactly in the proposed order, it is up to the facilitator to define 
when the group will be mature enough to carry out these activities. 

Table 2 shows the responsibilities of the facilitator and the responsibilities of the 
learn ers at each main stage of the proposed framework. The table also illustrates the 
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Fig. 1. Steps of the proposed collaborative learning strategy. 

Table 2 
Members’ responsibilities in the main steps of the framework

Step Students’ Role Facilitator’s Role Collaborative 
Features 

1 Students define the game to be implemented 
or a new scope for the game through brain-
storming.

Ensures the project feasibility.
Mediates conflicts.
Ensures that all students are giving ideas 
and being heard.

(A), (D), (G), 
(H), (M) and 
(N)

2 Learners watch and replicate the teachings 
on computers. They must pay attention to 
the concepts presented so that they can con-
tribute to the whole group when they start the 
implementation steps.

Explains the basic concepts of Programm-
ing and Game Development that will be 
involved in the next activities.

(B)

3 Students will decompose the game imple-
mentation into smaller problems. 
They will create stories that represented 
game features to be implemented. 
Each story will be written on a post-it and 
fixed on a Kanban board, which will be used 
to guide the progress of the group.

Calls for student participation.
Ensures that everyone is being heard and 
is contributing.
Questions students about the game to form 
new stories.

(A), (D), (F), 
(G) and (M)

4 Perform Pair Programming with time-boxed 
rounds.

Monitors the rounds and the exchange 
of pairs, ensuring that everyone has the 
opportunity to participate in the deve-
lopment.
If necessary, give recommendations ver-
bally or prepare and deliver a printed tips 
guide to assist students in solving pro-
blems.
Assists in understanding the solution by 
code debugging. 

(B), (E), (G), 
(J), (K) and 
(M)

5 Perform tests. This step must take place in 
parallel with the previous one.

Same as the previous step. Same as the 
previous one

6 Students should hold a meeting to reflect on 
collaboration in the group during the activity 
and on the progress of the project. 

Delivers a model of minutes with the items 
to be discussed at the meeting. 
Let students speak freely. 
Uses the information discussed at the 
meeting to help solve social conflicts and 
other group problems. 

(A), (D), (F), 
(G), (I), (K) 
and (N)
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collabora tive features that were taken into account at each step. Table 3 shows the 
responsibilities of each member in the additional steps of the framework. As described 
in Gokhale (1995), in the proposed framework it is recommended to form small teams 
concerning between 2 to 4 members. All listed collaborative features were considered 
in the proposed pro cesses, except for features (C) heterogeneity and (L) symmetry. As 
these are features that depend on the group‘s composition, the facilitator needs to try 
to observe these elements in a pre-execution step where the students are forming the 
teams. 

5.1. Facilitator Actions to Promote Collaboration 

As previously described, the teacher must assume the activity facilitator role, this 
means that the approach must be learners centered. In this sense, the facilitator must 
act to em power collaboration between group members. Some students tend to dominate 
the activ ity by making all decisions, while others are overshadowed (de Walle, 2009; 
Cohen and Lotan, 2014). In this way, the facilitator’s actions must also be directed to 
minimize this domain. The following are some attitudes that can assist in interactions 
between learners: 

Steps 1 and 3: ●  The facilitator must ensure that all students are participating. He/
She can do this by assuming a questioning posture, guiding students in exchang-
ing ideas. It is important to note that in introductory classes, students are unlikely 
to know how to clearly define a digital game. Besides, some students may be 
repressing themselves for not knowing other students or even for shyness. In 
this sense, the facilitator must question the students, looking to compose a story 
narrative for the game. To encourage discussion, he/she may ask “What happens 
if character X touches object Y?”, And seek the participation of others by asking 
targeted questions, for example, “Lorene, what should happen? ..what do you 
think? ... and you Michael?”. When students feel that everyone has something to 
say and are listened to carefully, students with high status tend to less dominate 
the group (Cohen and Lotan, 2014). These steps require this kind of action by 
the teacher as the students need to be prepared for the collaboration (Cohen and 
Lotan, 2014) that should occur in the next steps. As new development process 

Table 3
Members’ responsibilities in the additional steps of the framework

Step Students’ Role Facilitator’s Role Collaborative 
Features

7 Have fun interacting with the game. Just makes sure everyone is interacting. (N)

8 Present the game. Invite and teach pe-
ople to interact with the game.

Provides and organizes the presentations. (A), (D), (N) 
and (M).

9 Share the source code on an open re-
pository. 

Teaches students about open source culture. 
Supports students in sharing the project. 

(N)
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iterations are carried out, the group will become more autonomous and the facili-
tator will be able to decrease his/her performance in these stages. 
Steps 4 and 5: ●  in the steps that correspond to the pair programming, the facilita-
tor should let the students work on the problem so that the group has autonomy 
and responsibility for the task (Johnson et al., 1984). However, some students 
with a dominant profile manage not to want to pass control of the computer to 
another learner. In this sense, the facilitator must carefully monitor the exchange 
of peers according to the set time. Also, doubts may arise and students may be 
stuck. In this sense, the facilitator should assist the group without giving ready 
answers, but encouraging them to discuss ideas and try new strategies. Some 
tips and suggestions should be passed on to the learners, but they should never 
represent a complete solution or prevent the team from using strategies to reach 
a solution. The idea is to direct the group to its own resources (Cohen and Lotan, 
2014). Finally, the facilitator must also observe the group behavior, the informa-
tion collected will be useful in the next step. 
Step 6: ●  In this step, the facilitator must hand over a model of minutes (which will 
be described later) and let the students freely discuss each item of this document. 
In this way, later, the facilitator will be able to evaluate the information described 
to identify social interaction problems between group members or progress gaps. 
He/she can also check for any inconsistency between what was reported and the 
team’s behavior that was observed in the previous step. If relevant problems are 
identified, the facilitator can assist the group in solving them. 
Step7: ●  The facilitator should encourage fun, ensuring that everyone can interact 
with the game. These moments of play can increase the friendship bonds between 
the members of the group or at least can ease tensions between them. 
Step 8: ●  The facilitator can search for technology events, fairs and conferences to 
present the project and invite the audience to interact with the game. Presenting 
the game to gether can give a sense of purpose to the team. 
Step 9: ●  In this step, the facilitator should explain about free software and the 
importance of making the project available to other people. The act of sharing the 
project openly can teach about the importance of collaboration. 

5.2. Employed Pair Programming Approach 

As groups can be composed of more than two students, in each turn, one student as-
sumes the pilot role and the others assume the role of co-pilot. All students can give 
ideas freely regardless of who is in control of the computer. It is up to the pilot to decide 
whether or not to implement the ideas proposed by the peers. Turns are managed by 
employing a timer. As described, the facilitator can choose to deliver a printed guide 
with information that can assist with tasks. If this happens, there will be a definition of 
another role: the guide. The student who assumes the guide role will be responsible for 
studying the information described and passing it on to his/her peers. This new role can 
assist the participation of learners who feel less at ease to contribute as co-pilots. 
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5.3. The Reflection Meeting 

The reflection meeting is an opportunity for the group to sincerely reflect on their per
formance. Thus, this meeting must be documented to assist in self-monitoring and fu-
ture reflections. Therefore, in order to perform this task, a meeting minute must be pro-
duced. The template of the minutes should address the following issues to be discussed: 
“(1) Was the goal achieved? If not, why? (2) What problems were faced? What needs to 
be improved in the group interaction? (3) Is the game (becoming) fun? (4) What can be 
done in the next session?”. 

5.4. Curriculum Planning 

The proposed collaborative learning framework employs flexible content planning. 
In this way, the content to be covered in a workshop can be extended as students’ prog-
ress in their knowledge. Thus, it is up to the facilitator to carefully monitor the activities 
to understand how the students are evolving to propose the learning of new concepts. 
Despite this, the facilitator needs to plan the essential knowledge that the approach 
should address. In this sense, it is the teacher’s role to define the minimum content to 
be addressed and to include each curricular item in the game development process at 
the best time and opportunity ac cording to the students’ performance. As game devel-
opment can involve several concepts even in initial activities, the facilitator can plan 
activities, according to the tasks defined by the students in stage 3 (Decomposition), 
providing a guide with lots of information for resolution in the initial programming 
sessions. As the students evolve, the facilitator can simply increase the reasoning load, 
decreasing the available information in the next guides. 

6. Data Collection and Analysis 

Data collection to assess student collaboration was carried out by recording the pair 
pro gramming sessions, collecting the meeting minutes and performing structured in-
terviews. The recording data was used to build social graphs representing the interac-
tions between students. The interview data were evaluated quantitatively and mainly 
qualitatively. Partic ipant observation was also applied to support the assessment of the 
collected information. 

To analyze the recordings, we have adopted the approach described by Goos and 
Gal braith (1996) and Goos et al. (2002) employed to investigate metacognitive strate-
gies in a collaborative mathematical problem-solving. This approach intends to highlight 
major strategic decisions and assess the quality of the decisions per se. As described in 
Goos and Galbraith (1996), the students’ verbal protocols were parsed into macroscopic 
episodes which represent a session (periods of time) where learners are engaged in dis-
tinctive kinds of problem-solving behavior. Each student’s complete speech turn was 
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named Move. To analyze the interpersonal strategies and contributions of learners work-
ing collaboratively, the authors propose a kind of classification: 

New information points were subdivided into two types: 1. 
Points where previously overlooked or unrecognized information came to  ●
light (ab breviated as NI). 
Points where the possibility of using a new procedure was mentioned (abbrevi- ●
ated as NP). 
The NI/NP’s were classified further according to: (1) Who initiated the NI/NP;  ●
(2) How relevant the NI/NP was to the task; (3) The nature of the response to 
the NI/NP (ignore, reject, accept...). 

Local Assessments (LA’s) of a particular aspect of a solution were classified 2. 
accord ing to who made the assessment, and the function of the assessment: 
(1) knowledge (assessing what is known/not known); (2) task difficulty; (3) pro-
cedure (checking accu racy of execution, assessing relevance or usefulness); and 
(4) result (assessing accuracy or reasonableness). 
Global Assessments (GA’s) of the general state of the solution were also made. 3. 

Based on the identification of the collected episodes and metacognitive Moves, Goos 
and Galbraith (1996) present a table of metacognitive decisions. This table compiles 
the activity into a sequence of correct or incorrect actions taken to solve the problem 
and the response of group members to them. In the context of this research, this table 
was built for each pair programming session performed. From this, a social graph that 
represents the connections between the students’ Moves was built. The resulting tar-
geted graph allows the identification of patterns of collaboration and problemsolving. 
Therefore, we could verify by node connections whether students are participating in 
the solution by proposing new ideas and procedures. 

Due to the nature of Computational Thinking activities having some peculiari-
ties con cerning generic mathematical problem-solving activities, it was necessary to 
make some adaptations in the procedure. The adaptations were based on the following 
principles: 

Not only verbal protocols were considered. The nature of the game development  ●
and programming activity must be performed through technological artifacts, the 
interac tion with such artifacts can also be seen as a means of communication. 
The episodes related to the problem-solving framework adopted by Goos  ● et al. 
(2002) since it is not in the interest of this study. 

The New Information was defined as follows: 
New Procedure (NP): straight procedures for inserting new instructions in the  ●
algorithm or re-arranging these instructions generating new algorithms. As in-
formed, a student can propose an NP verbally, gesture or even just by adding an 
instruction or changing the solution steps (algorithm) through direct manipulation 
when he/she is playing the pilot role. 
New Idea (NI): it is related to students’ higher abstract ideas for solving the  ●
problem and that does not represent a “concrete” implementation procedure, like 
the NP. In this sense, NI’s are related to proposing new algorithms at a high level 
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of abstraction (in natural language); discover additional information that would 
assist in solving or un derstanding the problem; definitions of hypotheses about 
instructions; and identify el ements of the source code that could assist with the 
solution. 

It should be noted that New Information (NI/NP) was only registered once. This 
means that there can be no repetitions of the same NI/NP during the development ses-
sions. 

As in Goos et al. (2002), responses to new information (NI/NP’s) were also regis-
tered. Besides, classification for each answer identified in the student’s Moves table was 
carried out in order to analyze how students are responding to the new proposed infor-
mation. In this sense, this makes it possible to analyze the Move graph that will be de-
scribed later. This classification system is described following: (1) Agree (a) – as defined 
in Goos et al. (2002); (2) Disagrees (d) – as defined in Goos et al. (2002); (3) Ignores 
(ig) – as defined in Goos et al. (2002); (4) Implements (im) – in the context of this study, 
when a learner implements new information, it has the same meaning as agreeing. 

Additional responses that reinforce proposals and implementations for New Informa-
tion have also been noted: (1) Defends (de) – the student defends the proposed New 
Infor mation; (2) Stress (s) – the learner insists on deciding/implementing the new infor-
mation; (3) Explains (ex) – the student describes his/her idea better or explains how to 
program (code) it; (4) Help (h) – the learner asks for help to understand or implement 
the New Information. 

As well as Goos et al. (2002), we also classify assessments of the solution status. 
Some of the evaluations were used by the mentioned authors, others were proposed in 
this study to fit the nature of the activity. 

Local Assessment (LA): ●  an assessment of a particular aspect of the solution – 
(1) Use fulness of the procedure: assess whether a previously used instruction, 
algorithm or in formation is really contributing to the solution; (2) Sense of results: 
evaluate whether the solution is working while performing the tests; (3) Bug no-
ticing: observe that something unexpected happened during the test. (4) Checking 
solution: assess whether something is missing or has something out of place in 
the algorithm. It also involves checking (try ing to understand) the logic of the 
solution implemented up to that point; (5) Behavior analysis: analyze the result of 
the solution (the game in operation) to try to understand the problem and/or the 
solution; (6) Sub-solution missing: observe if punctual func tionality (feature) is 
missing in the solution of the problem; and 
Global Assessment (GA): ●  concerns the assessment of a development project as 
a whole. The GA’s contain only one classification item: Missing Solution, which 
is concerned with observing whether complete solutions are missing to achieve 
the project objective. 

In order to visualize the interactions, we set up a graph from this table. The vertices 
represent the Moves or NI/NPs. Therefore, each student’s Move is represented by a ver-
tex and labeled with an initial letter of the student name and a sequence number (as re-
garded in the Moves table). When a student proposes an NI/NP, an edge is directed from 
the vertex of its Move to the NI/NP vertex. The NI/NP vertex is labeled with a V (correct) 
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or X (not correct) depending on its utility for the solution. Responses are represented 
by directed edges from the responses Moves for the NI/NP node. The responses were 
labeled accord ing to the defined response classification system described previously. 
Fig. 2 shows an example of part of a social graph designed by the proposed approach. 

To perform the analysis of the Move graph, social network analysis methods were 
adopted. Typically, social networks can be modeled in graph arrangement. This kind of 
approach was adopted since the students’ interaction during the problem-solving activity 
can be modeled in the form of an interaction scheme of online social networks by the 
method proposed in Goos et al. (2002). Many studies explain that visual representation 
of data as a graph or sociogram allows researchers to uncover patterns that might go 
un detected. Also, a graph could be represented as matrices that are an alternative way 
to represent and summarize network data (Wasserman and Faust, 1994). In this kind of 
rep resentation, actors (a social entity as a person, a person post, etc) are vertex/nodes and 
relations between them are edges. 

According to Saltz et al. (2004), the simplest and most intuitive metric to a student-
focused online class, is the student degree centrality, described by Wasserman and Faust 
(1994) and Karnstedt et al. (2010). The centrality measure for an actor (a student Move 
in this context) should be the degree of the node, (). Formally, the centrality () 

is defined as: 

CD(ni) = d(ni) = xi+ =
�
i=0

xij =
�
j=0

xji

                                                          
(1)

where  is the  edge. 
An important aspect of this measure is that it depends on the size of the group. So, 

a proposed standardization measure is described by Wasserman and Faust (1994): 

C �
D(ni) =

d(ni)

g − 1                                                                                                      
(2)

where C �
D(ni) =

d(ni)

g − 1
 is independent of  (group size), and thus can be compared across networks 

of different sizes. 

Fig. 2. Part of a social graph designed by the proposed approach. 
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Also, in the sense of degree centrality measure, two calculations could be performed: 
the  of a node () that is the number of nodes that are adjacent to , and 
the  of a node (), that is the number of nodes adjacent from . Saltz 
et al. (2004) apply the  counting the number of messages sent by the student, 
and the  counting the number of replies to the messages posted by the student. 
Similar to the authors, we use these measures as follows: 

 ● : number of Move responses received by a students’ new information 
(NI/NP). 
 ● : number of responses given by a student’s Move. 

These measures help to observe the students’ participation in the problem-solving 
pro cess. For example, NI/NP student Moves with a high  can represent 
a strong iteration among learners around a student’s New Idea. We also define High 
Centrality Degree () nodes, as follows: 

HCD = {x|x ∈ G ∧ sid(x) > 1}                                                                           (3)

where  is the general nodes set and  is a function that returns the standardized 
 of a given node. 

In this way, a node is considered a High Centrality Degree () if it has the num-
ber of replies greater than the number of group members (except the author). This was 
done in order to check the existence of Moves that were able to generate greater interac-
tions between students. 

To assess the data of each student, it was necessary to define the Breakeven Point, 
which is the ideal proportion for all learners to contribute equally to the activity. This 
value can work as a common point of comparison to check the student’s level of contri-
bution for a given aspect. In this sense, the Breakeven Point () for a given evaluated 
aspect is defined as: 

BP =
1

g                                                                                                                    
(4)

It should be noted that in the data analysis, replies labeled as ig (ignores) and replies 
made by the same author of the NI/NP Move were disregarded. This was done to achieve 
greater consistency in the results. 

A fundamental element for CT development concerns the ability to solve problems. 
In this sense, teaching approaches should allow students to learn and apply different 
strate gies and heuristics for problem-solving (de Walle et al., 2016). Therefore, learners’ 
Moves (speeches) were also analyzed in order to identify the use of heuristics classes 
and conse quently assess their evolution in problem-solving skills. However, it is impor-
tant to note that discovering strategies applied by learners is an extremely hard activity, 
since people may know how to solve problems, but they are not always able to verbalize 
or describe their actions. This is a typical aspect of all procedural knowledge (del Puy 
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Pérez Echeverría and Pozo, 1998). In the context of this study, learners can assist in solv-
ing the problem by proposing new relevant information, but without expressing which 
strategy he/she inter nalized to generate this information. Therefore, the demonstrations 
of the use of heuristics, that emerged during the activity, were reported. To perform the 
proposed analysis, classes of heuristics were defined to fit the development activities 
proposed by the framework: 

Trial and error: ●  acts in which students suggest making attempts to check a pro-
cedure and go back if it demonstrates to be incorrect. Source: da Ponte et al. 
(2007). 
Abstraction of a solution: ●  acts in which learners verbally describe an algorithm 
at a high level of abstraction (spoken language) trying to propose solutions. 
Sources:de Walle et al. (2016); CSTA and ISTE (2011); da Ponte et al. (2007). 
Pattern recognition:  ● student suggests observing, comparing and/or reusing the 
source code of another solution similar to the algorithm to be developed. Source: 
CSTA and ISTE (2011). 
Hypothesis generation:  ● acts in which students build a specific hypothesis about 
an in struction or information to develop the algorithm (solution). Source: de Walle 
et al. (2016). 
Discovery through results: ●  acts in which the student analyzes the game’s behav-
ior dur ing the test to try to discover new information for the solution. 

The documents resulting from the reflection meetings (step 6 of the proposed strat-
egy) were collected. Thus, through these artifacts, we analyzed and verified whether the 
group was managing itself in order to reach its goals and its relation to success/failure 
in the proposed activities. The employed analysis evaluated the dimensions of Progres-
sion and Collaboration of the strategy. For each report of the minutes, it was verified: 
(1) In the collaboration dimension, were the students able to identify and understand the 
problems of social interaction that occurred in the group?; (2) In the progress dimen-
sion, were the students able to identify and understand the problems in the proposed 
solutions that could hinder the group’s progress?. The reports were validated with the 
reality experienced by the group by the participant observation and with the support of 
recorded students’ Moves. 

The interviews were applied with the support of a rubric based on Randall and Rusk 
(2009) and ReadWriteThink (2003). In this way, the rubric addresses four aspects of the 
learning strategy as a whole: Collaboration, Process, Programming and Project Design. 
Each aspect addressed in the rubric was an interview question that asks the participant 
to give their opinion. Learners were also invited to make a general assessment of the 
activity as a whole. This article address only the aspects of collaboration and process 
because they are directly related to the purpose of the evaluated framework. Table 4 
shows the rubric for the two aspects evaluated. It is important to highlight that, for each 
dimension, the student was also invited to make extra considerations in order to collect 
qualitative data. 

It should be noted that the activities were performed as extra-class practices and 
won’t assign any value to the school grades. Students participated as volunteers, which 
may have corroborated fair answers. 



A Collaborative Learning Framework for Computational Thinking Development ... 269

7. Empirical Study 

The experiments were conducted with students from two public schools in Ouro Bran-
co, Brazil. In this way, students (aged 12–15 years old) from 7th and 8th grades of 
middle school from both institutions were able to register to participate in the game 
development workshops offered. Participation in the workshop was completely volun-
tary. The learners who signed up should present the Informed Consent Form signed by 
their legal sponsor. 

The basic game development workshop’s curriculum was inspired by the curricu-
lum proposed by Code.org (2019) in Unit 3 – Interactive Animations and Games of the 
Computer Science Discoveries for 6–10th grade students course. According to Code.
org (2019) the course was mapped to CSTA (Computer Science Teachers Association) 
standards. However, some arrangements were made, due to the differences in teaching 
ap proaches, workload (class/hour), students’ background and tools adopted. All groups 
opted to develop a platform-type action game because this sort of game is in fashion 
among them. In this sense, the following summary schedule was adopted: 

Introduction to CS concepts. (1) 
Sequence of commands and user input. (2) 
Decision structures. (3) 
Loops. (4) 
Variables and operations.(5) 
Procedures and additional topics. (6) 

Table 4 
Rubric for guided interviews (Collaboration and Process aspects)

Category Extra 
Considerations

Beginning Developing Proficient Exceptional

Collaboration - Contributes infor-
mation to the group 
only when prompt-
ed. 
- Rarely respectful-
ly listens, interacts, 
discusses, and co-
ntributes to the 
group, helping the 
group to achieve 
a consensus. 

- Contributes infor-
mation to the group 
with occasional prom-
pting or reminding. 
- Sometimes respect-
fully listens, inter-
acts, discusses, and 
contributes to the 
group, helping the 
group to achieve 
a consensus. 

- Contributes know-
ledge, opinions, and 
skills without prompt-
ing or reminding 
- Usually respectfully 
listens, interacts, dis-
cusses, and contri-
butes to the group, 
helping the group to 
achieve a consensus. 

- Consistently and acti-
vely contributes know-
ledge, opinions, and 
skills without prompting 
or reminding. 
- Consistently and res-
pectfully listens, inter-
acts, discusses, and con-
tributes to the group, 
helping the group to 
achieve a consensus. 

Process - Student did not 
get involved in 
design process. 
- Did not use project 
time well and did 
not meet deadlines. 

- Student tried out the 
design process. 
- Used project time 
well sometimes and 
met some deadlines. 

- Student used design 
process (stated prob-
lem, came up with 
ideas, chose solution, 
built and tested, 
presented results). 
- Used project time 
constructively, met 
dead-lines. 

- Student made signi-
ficant use of the design 
process. 
- Used project time 
constructively, finish
ed early or added ad-
ditional elements. 
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The concepts were studied according to the evolution of the development of the 
proposed game. The Scratch environment was chosen as a base tool for carrying out the 
workshops. This technology was chosen due to its popularity and possibilities for creat-
ing interactive animations and digital games in an easy way (MIT Media Lab, 2019). 

The workshop took place by weekly meetings from May to October 2019, with 
a break in June. A total of 41 meetings were held, 15 of which involved Pair Program-
ming ses sions. In some meetings, only one student from the group attended, which de-
layed the progress of activities. 

At the schools, 15 students signed up to participate in the game development work-
shop, and 11 of them went to the end. The learners were between 12 and 14 years old. 
To perform the collected data analysis, fictitious names were assigned to the students to 
maintain their anonymity and privacy. The groups were created according to the time 
restrictions of the students themselves. Besides, the affinity between students was also 
considered, as it is a motivational circumstance for student participation. This may have 
limited the preservation of the symmetry collaborative feature in the groups, as defined 
by Dillenbourg (1999). The composition of the groups is listed as follow (only students 
who participated in any Pair Programming session were taken into account): 

Group 1:  ● 1st formation – José Pedro, Eduardo and Darlene; 2nd formation – José 
Pedro, José Vinicius and Paulo; 
Group 2:  ● 1st Formation – Michele, Kamila and Humberto; 2nd Formation – Mi-
chele and Kamila. 
Group 3:  ● 1st Formation: Anália, Bruna, Naira and Iago; 2nd Formation: Anália, 
Bruna and Naira. 
Group 4:  ● Humberto and William (Iago participated in defining the game and the 
tasks). 
Group 5:  ● Naira and Kamila. 

8. Results 

8.1. Participant Observation 

In this section, we will describe the main information raised in the participant observa-
tion. These reports are supported by the session’s recordings and, consequently, by the 
students’ Moves description made to draw the social graphs. The information described 
in the participant observation was compared with the data collected and evaluated by 
the other research instruments in order to reduce the subjectivity of the analysis. In this 
way, we describe the profile raised of each student according to the workshop facilita-
tor’s un derstanding. 

According to Cohen and Lotan (2014), a way to evaluate group work activities 
is through observing the performance of learners with a low academic background 
(sta tus). In this way, the participant observation sought to identify the students’ back-
ground and analyze the participation of these students throughout the process. It is 
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important to mention that the background is not related to the capacity to learn, but 
rather to the ed ucational basis that the student previously had access to. Therefore, the 
following low academic background learners were identified concerning their group 
colleagues: Anália, Paulo, Darlene, Kamila (concerning Humberto) and William (con-
cerning Humberto). 

As explained earlier, when working in groups there is always the possibility that 
a dominating student will lead the others (de Walle, 2009; Cohen and Lotan, 2014). 
This sort of dominant attitude can limit the participation of other students, especially 
those with low academic status. In this sense, the researchers also identified students 
who have the profile of activity dominators. Therefore, the following students were 
classified with this profile: Eduardo, Naira and José Vinícius. 

In a general context, the researchers observed that: 
In the first stage – planning to define the game – the students showed that they  ●
wanted to implement games with elements that were “in fashion” between them. 
There was also a tendency for learners to like the same characters to be included 
in the games. 
Students, even with less elevated backgrounds, demonstrated to participate more  ●
in the problem-solving activities when they assumed the pilot role or also some-
times as a guide. 
Students with dominant profiles tended to be more individualistic and assumed  ●
the role of pilot, but when they were not playing this role, they showed to be more 
collaborative. 
In general, students showed enthusiasm to participate in the process of developing  ●
the game as a whole. Even students with a lower background were actively en-
gaged in the development stages. Despite this, some students missed many work-
shop meetings. 

8.2. Results of Social Graph Analysis 

Table 5 shows the average proportions of Moves proposed by each student concerning 
the pairs. The learners’ fictional names were abbreviated to their initials. The BE field 
denotes the average break-even point calculated from each Pair Programming session 
in which the learner participated. Special attention from the analysis was directed to 
students with lower academic status than the others. These learners could not actively 
participate in the project and generate collaboration gaps, especially concerning stu-
dents who have a dominant profile (Cohen and Lotan, 2014). A gap situation is exem-
plified. Humberto demonstrated to have a much higher background than his colleagues. 
This fact can be noticed by his high proportion of NI/NP Moves. Thus, during session 
5 with the G2 group, the student came to propose 100% of new information and new 
procedures. This session represented the greatest lack of collaboration. In this situation, 
when Michele assumed the pilot role, there was no interaction between the student and 
Humberto through the generation of new ideas (Michele reached an OutDegree equal 
to zero in this session). 
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The students who were considered in the participant observation with a lower back-
ground to their peers were also the ones who reached the lower performance in thepro-
posal of new information and procedures (NI/NP’s) for solving the problems: Anália, 
Paulo, Kamila, William and Darlene. Despite this, it is possible to observe that in all 
these cases these students had an OutDegree value higher than Break Even (BE) Point. 
Except for Paulo, all of these learners presented OutDegree higher than their group col-
leagues. This indicates that students, despite not being able to come up with many ideas 
for solving programming problems, were able to interact and react in some way to the 
proposals for new information and procedures from their colleagues. Similar reasoning 
can be applied to students who have proposed a greater number of NI/NP‘s. In general, 
these students achieved a high InDegree score (usually above BE), which indicates that 
these students received constant feedback from their colleagues. 

Table 6 shows the compiled data for groups G1 to G5 respectively. The sign V indi-
cates that NI/NP helped to solve the problem, and X indicates that NI/NP was an incor-
rect idea that could lead the group away from the solution. The proportion of Moves 

Table 5
Result of Social Graph Analysis for each student – the values are computed averages

Student # Sessions NI/NP OutDegree InDegree GA/LA Regular BE 

H 6 0.78 0.28 0.72 0.57 0.54 0.47 
W 4 0.27 0.64 0.35 0.40 0.44 0.50 
K 4 0.27 0.69 0.31 0.51 0.43 0.46 
M 4 0.34 0.40 0.34 0.36 0.43 0.46 
A 3 0.09 0.32 0.13 0.14 0.20 0.28 
N 4 0.47 0.30 0.48 0.35 0.35 0.33 
B 3 0.42 0.30 0.33 0.38 0.36 0.28 
I 2 0.18 0.11 0.18 0.28 0.26 0.25 
P 2 0.03 0.34 0.01 0.15 0.29 0.33 
JV 2 0.68 0.47 0.24 0.40 0.29 0.33 
JP 3 0.33 0.19 0.77 0.47 0.44 0.33 
E 1 0.55 0.40 0.20 0.50 0.35 0.33 
D 1 0.00 0.40 0.00 0.00 0.20 0.33 

Table 6
Result of the General Analysis of the Social Graph for each group – the values are computed averages

Group # 
Sessions

Total 
Moves

NI/NP NI/NP 
(V)

NI/NP 
(X)

GA/LA Standard. 
InDegree

HCD 
Nodes

G1 3   98.67 0.22 0.19 0.03 0.09 0.34 1.33 
G2 4   87 0.15 0.13 0.01 0.08 0.70 0.75 
G3 3 233 0.16 0.09 0.07 0.17 0.51 3 
G4 4 133.25 0.16 0.11 0.05 0.16 0.70 2.75 
G5 1   69 0.26 0.20 0.06 0.12 0.72 2 
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classified as New Information ranged from 15% to 26%. In all cases, the correct NI/
NPs average was higher than the incorrect ones. This may mean that students were not 
proposing new ideas and procedures in a random way and were engaged to solve the 
problems. The As sessments (GA/LA) average fluctuated from 8% to 17%. The aver-
age of the Standardized InDegrees value ranged from 0.34 to 0.72. It should be noted 
that, except for the G1 group, all teams had an average higher than 0.5, which may 
indicate in these cases that at least half of the group was replying to the new ideas and 
procedures proposal for generating the solutions. The table also shows that the HCD 
nodes average ranged from 0.75 to 2.75. On the general average, the groups were able 
to generate approximately two (1.97) HCD nodes per session. This may indicate that 
approximately two ideas proposals per session included the interaction of the entire 
group. The G2 group had the lowest performance in this context. It is noticed that it 
was in this team that the worst collaboration gap hap pened, as previously described. 
The team reached the following sequence of HCD scores in its four Pair Programming 
sessions: {1, 0, 0, 2}. In this sense, the two sessions in which the values are zero were 
precisely those that involved Humberto’s participation. With the advancement of ac-
tivities and changes in the groups, it was possible to observe an im provement in this 
aspect in Humberto’s participation. This can be evidenced in the HCD score achieved 
by the G4 group. 

8.3. Result of Employed Heuristics Classes 

The results achieved in the identification of heuristics classes applied to each session 
are illustrated in Fig. 3. The low values received in the last sessions 13 and 15 may have 

Fig. 3. Number of identified heuristics per session. 
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been due to the definition of less complex challenges, since the students planned to 
finish the games to have fun playing them. Therefore, the data show possible evidence 
that student teams have evolved over time in the problem-solving skills demanded in 
CT activities. 

8.4. Results of the Meeting Minutes Analysis 

In this subsection, we describe the results achieved in the meeting minutes analysis. In 
this sense, we highlight below the main collaborative and social issues identified at each 
meeting. 
Group 1: 

Report ● : The students reported that they needed to improve their coexistence. 
Context: This information was proposed by Eduardo – who sometimes took over 
the computer, when it was his colleague’s turn, in order to solve all problems by 
himself. This in formation in the minutes was proposed by this same learner, which 
may signal that he recognized his incorrect behavior during the activity. 

Group 2: 
Report ● : The group members reported that they should give more ideas. Context: 
Ac cording to the participant observation, Michele did not provide any information 
and Humberto did not communicate his ideas directly to her in a situation where 
they were solving a problem. Also, when the students finished solving the prob-
lems, they wanted to implement new features in the game but they would have no 
ideas to propose a solu tion. 
Report ● : The group members report that they should improve the “division”. 
Context: In session 5, Humberto was responsible for all the New Information 
from the team to solve the problems. Besides, it was possible to observe that 
Michele was ignoring Humberto’s ideas. In this sense, this information may have 
been reported due to this collaboration gap in the group. 

Group 3: 
Report ● : The students reported that the girls in the group were kidding a lot during 
the activities – what they called “laughter conflict”. Context: The girls kidded 
a lot with each other during the activity. This information in the minutes was pro-
posed by these learners, which showed the group’s empathy for the student Iago. 
The learners thought that the jokes could disturb the other members of the group. 
Also, in the next meeting, the girls reported that the problem had not occurred 
again, which demonstrates group commitment. 
Report ● : The students reported that they should pay attention to the co-pilot’s com-
mands. Context: According to the participant observation, a student was having 
prob lems to follow the group in the implementations. However, team members 
need to un derstand that each student has his own learning pace. Therefore, this item 
represented an opportunity for the facilitator to talk to learners about this subject. 
However, the conversation did not happen due to the absence of group members. 
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Group 5: 
Report ● : The students reported that more people needed to participate. Context: This 
was the last session, and the learners reported this because only they attended some 
sessions of their respective groups, which harmed the progress of their projects. 

Virtually all of the collaboration problems observed by the facilitator were identified 
in the minutes produced by the students. Therefore, according to the achieved results, 
the meetings were able to shed light on collaboration problems and make students reflect 
on them. 

The students’ perceptions of the project’s progress are described following. Thus, for 
each session, we report the main difficulties identified by the students and relate them to 
the implementation of the tasks that were performed by them. 
Group 1: 

Report ● : In the item of the minutes that asks if they had problems, they inform: 
“Yes, the big boss jumps”. Context: Students recognized that they needed to im-
prove the algorithm responsible for making the boss appear. 

Group 2: 
Report ● : Students reported that they accomplished the objective but that they need 
to finish the game. Context: The team gave the objective accomplished even lack-
ing functionality – they did not implement an important task. Despite this, they 
reported that they need to “finish the game”. 
Report ● : Learners described that goal was achieved but reported an implementa-
tion problem. Context: The group addressed the objective as achieved despite 
the errors in two solutions. However, they admitted the problem that they were 
unable to solve concerning another task when describing “the ninja star did not 
appear”(a bug in an object that must move). They also described that they needed 
to improve “a lot” in the next session. 

Group 3: 
Report ● : The team reported that they fail in a task and that they were evolving. 
Con text: The students admitted that they were unable to solve a task: “we were 
unable to stop the characters from moving when they met”. A small bug in a solu-
tion was not reported. When describing whether the objective was achieved, the 
team declared “we are evolving”. 
Report ● : Learners described that they were unable to complete a task. Context: 
In the item of the minutes that refers to whether students had problems, they said: 
“yes the fainting”. “Fainting” was about making the enemy character disappear 
when hit by the player. 
Report ● : Students described that they needed to fix bugs. Context: The team re-
ported that they could “Fix the bugs” in the next session, which may concern the 
bug in solving a task. 

Group 4: 
Report ● : The team reported that they had a problem to implement a task that they 
did not finish in the respective session. Context: The group acknowledged the 
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difficulties they had in a task which involved making the Boss character disappear 
when he lost their lives. In the item of the minutes in which the learners could 
report if they had problems, they say “Yes. Make the big boss die”. 

As can be understood from the information described, the teams were able to iden-
tify most of the implementation problems that occurred during the development pro-
cess. In some situations, such as group 2, the students demonstrated that they did not 
identify some problems, but they seemed to understand that they needed to continue 
improving the game. 

8.5. Result of the Interviews Analysis 

8.5.1. Collaboration Aspect 
Regarding the collaboration category, learners reported some positive aspects. Some of 
the students’ reports will be presented following. 

Paulo, for example, explains that everyone collaborated: “(...) I think that every-
one who took part in this game contributed a little to the game. The game is not just 
of one person, the game is of a set”. The student also highlighted the collaboration, 
when asked about extra considerations: “(...) I think everyone collaborated, everyone 
helped, everyone went to program the game and I think that the game as I said before 
is together that we did it was not just separate”. José Vinicius explained that the group 
shared the tasks and that each one did their part. According to the student, they talked 
and everyone helped: “I and they also contributed (...) just like... we shared tasks, 
right?! Each one did a part, I think this is a good thing, which is group work (...) we 
talked everyone helped.” Anália, despite the possible social problem with Naira, men-
tions Bruna as a support for her participation in activities. This collaboration between 
the students may have helped Anália to feel more included in the project: “Sometimes I 
failed a little, but Bruna helped”. 

8.5.2. Process Aspect 
In general, the learners stated that they actively participated in the development process. 
Some examples are shown following. 

Regarding the participation and use of his time in the process, Humberto highlight-
ed his great interest in the subject addressed. In this context, it is possible to notice 
that the student referred to the incremental iterative development process employed 
by the learning strategy: “I think so, every class we were trying to improve the project 
even with new ideas. I think that in this field I was very participative (...) I think it was 
great (...) I think so, because look... like I was going to talk about a thing but I couldn’t 
fit in the subject (...) I .. I always liked video games, then having an opportunity to see 
how they, at least a little, how they developed, how they do it to develop a game, it 
was very, very good. So I kind of just focused on that because it was something I liked 
to do.” When the interviewer asked if he did what he expected or beyond, Humberto 
replied: “It was more inside than I expected to do”. Regarding the use of time in the 
process, Bruna replied that she thought she used her time well and was concerned 
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with improving the game during the process: “I think so, but we kind of tried to do... 
do it right and not worry too much about time, to make the game better. We tried to 
do that.” 

8.5.3. Rubric Scores 
To assess the rubric collected data, each classification level was associated with a corre
sponding score: Beginning (⎯2), Developing (⎯1), Proficient (+1) and Exceptional (+2). 
Table 7 shows the scores achieved for the evaluated dimensions. It is important to 
report that, each table column is associated with the student’s initials (JP – José Pedro, 
JV – José Vinicius, P – Paulo, etc.) who assigned the score. The results show that the 
dimensions of collaboration and process were positively evaluated with an average 
above +1. 

8.6. Results Triangulation 

The participant observation described that even students with a lower background 
were able to collaborate in the production of the games, actively participating in the 
process. This information was also observed in the rubric’s result in which all learn-
ers, including those with lower background, considered themselves proficient or ex-
ceptional in collabo ration and participation in the process. It is important to mention 
that the qualitative data collected in the interviews showed some specific issues that 
corroborated the results. An example is the case of Anália who found support in Bruna 
to participate in the activities. The data point to a significant role of the pair program-
ming approach so that students could participate. The centrality analysis of the social 
graph showed that students with lower backgrounds, in general, reached a high Out-
Degree because they were participat ing by constantly reacting to their colleagues’ 
ideas. Similar reasoning can be applied to students with a higher background who 
have proposed a greater number of NI/NPs. In general, these learners received a high 
InDegree score (above the breakeven point), which indicates that these students re-
ceived constant feedback from their colleagues. This was also noted in the participant 
observation. Besides, the meeting minutes analysis showed that the students were 
concerned with solving, or at least reporting, the major social prob lems that emerged 
during the activities. Therefore, this study pointed out evidence that the proposed 
learning strategy is capable to support collaboration between students in the CT de-
velopment activities. 

Table 7
Archived rubric scores

Student: JP JV P K M A N B H W Av. 

Process +1 +1 +2 +1 +1 +1 +2 +1 +1 +1 +1.2 
Collaboration: +2 +2 +2 +1 +2 +2 +1 +1 +1 +2 +1.6 
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In the context of CT problem solving, the analysis of the social graphs indicated 
that the number of proposals for correct new information and procedures was greater 
than the incorrect ones in all groups. Also, it was possible to observe in the employed 
heuristics evaluation that there was an increasing number of heuristics being applied 
per session. The evaluation of the progress dimension of the minutes of the meetings 
also showed that the students, most of the time, were conscious of the problems in the 
proposed solutions. This points out that students sought to strategically introduce solu-
tions. Therefore, the proportion of correct proposed ideas and, especially, the progres-
sive number of applied heuristics can be evidence of an evolution of the students’ CT 
problem-solving skills. 

9. Conclusion 

This study proposed a Collaborative Learning framework for the development of CT 
through digital game programming activities. The design of the proposed approach 
was based on features and methods of Collaborative Learning, which were mapped 
from the literature, as well as a systematic review of the literature regarding CT and 
Collaborative Learning. The framework was evaluated through the application of 
rubric-guided inter views; the analysis of a social graph (generated from the interac-
tion between students during the programming sessions); analysis of problem-solving 
heuristics employed by the learners; and the review of the minutes of the meetings 
conducted by the students. The results showed evidence that the proposed framework, 
enhanced interaction between students. The analysis of social graphs showed that 
when required to assume different re sponsibilities (in pair programming with role 
turns), students should explain, implement and help others to achieve solutions. The 
analysis of the meeting minutes and the data col lected in the rubric-guided interviews, 
also showed that the students were able to collabo rate and reflect on the aspects of 
the group’s social interaction. In the CT problem-solving development skills context, 
it was possible to observe an evolution in the problem-solving heuristics proposed 
by the learners. This may be evidence that the framework has been able to empower 
students in the CT problem solving skills over time. Besides, the social graph analysis 
showed that students proposed more correct than incorrect ideas to achieve the solu-
tion. In this sense, it is not possible to directly observe the impact of collaboration in 
problem-solving, but the social graph also indicated that new proposals for ideas also 
received constant reactions from colleagues – this may have helped in the develop-
ment of these skills. Also, the analysis of the minutes showed that the students were 
able to, in most cases, jointly identify gaps of progress in the resolution. There is 
a possibility that this kind of group reflection may have motivated students to seek 
new solution strategies. 

The findings of this research can point out possible ways for CS teachers and in-
structors to apply activities that effectively develop CT-related skills in their learners. 
In this sense, the results show the importance of CT teaching approaches that: (1) allow 
students to effectively engage in defining what products they could develop and what 
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problems they must face, (2) allow the creation of a challenging environment that en-
ables students to apply diverse problem-solving heuristics and (3) keep learners working 
collaboratively with appropriate teacher support. 

As future work, the proposed strategy can be adapted to be applied in Computa-
tional Thinking activities concerning Educational Robotics. Besides, apply the strategy 
in a hy brid way with another collaborative learning approach, such as jigsaw, could 
bring inter esting results. 
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