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ABSTRACT

Computer Science Education (CSE) concerns the reflection of equitable variables like
gender, race/ethnicity, socioeconomic status and culture. However, addressing how to balance
different sources of inequities is still an open challenge. Although ‘Capacity for’, ‘Access to’,
‘Participation in’, and ‘Experience of’ (CAPE) framework can map most of the main variables
to an equity analysis, the concept of capacity is strongly related to resources, ignoring some
essential aspects relative to the real opportunities for a computing student. Another frame-
work that can address this problem is the Capabilities Approach (CA), having the freedom of
being educated is one of the aims of this perspective. In this direction, active learning and
Self-Directed Learning (SDL) can potentialize the freedom of CSE students, promoting more
autonomy and crucial soft skills in our complex society. SDL is a potential equitable practice,
but there are open challenges to consider regarding when and how to use it. Understanding
better how SDL effectively occurs in CSE students can also contribute to comprehending the
potentiality of active learning in terms of capabilities. Thus, this doctoral research investi-
gated how do CSE students conduct their SDL in developing countries from the CA lens.
Three Research Goals (RGs) help to address this question in a qualitative approach: (RG1)
understanding how CSE students build their SDL trajectories in developing countries; (RG2)
mapping the main elements of SDL capabilities observed in CSE students in developing coun-
tries; and (RG3) recommending guidelines to (CSE) educational stakeholders concerning how
to consider effectively equity issues and active learning from the CA lens. The results are
structured over the perceptions of two CSE Brazilian undergraduates about their SDL trajec-
tories, being each one from the lowest and highest Socioeconomic Status (SES) of their class,
respectively. Interviews and other data sources helped to better situate the findings. The doc-
toral contributions were in (i) the use of CA as an equity theoretical framework in computing
research, and Computing Education (CEd), (ii) the proposition of a new concept called SDL
capabilities, and (iii) a pragmatic instantiation of equity discussions in CSE (beyond other
scientific contributions to Computing and Education).

Keywords: Computing Education. Equity. Higher Education.
Self-Directed Learning. Capability Approach.
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1 INTRODUCTION

This chapter is divided into five sections. Section 1.1 presents the general problem that
motivates this Ph.D. thesis. Section 1.2 delineates an overview of the main ideas concerning
this research. Section 1.3 highlights the research relevance to computing educators. Section
1.4 summarizes the main research contributions. And, at last, Section 1.5 elicits the research
goals and points out the remainder of this thesis.

1.1 MOTIVATION PROBLEM

Imagine three children and one problem. You must decide who (Anne, Bill, or Carla) should
get a mini keyboard built essentially from Arduino components. Anne claims the mini keyboard
because she is the only one capable of playing it (and the others do not deny this fact). In her
vision, denying the mini keyboard to the only person who really knows how to play it would be
unfair. If this were all you knew, you would have a solid reason to give Anne the mini keyboard.

Now, imagine a second scenario. Bill claims the mini keyboard because he is the only one
so poor that he has no toys. The mini keyboard allows him to play (and the others admit they
are more prosperous than him and dispose of a good variety of toys). If you listened only to
Bill, you have a solid reason to give the mini keyboard to him.

Imagine, at last, the third scenario. Carla says that she built the mini keyboard with her
own hands. She worked hard for many months for this. And only when Carla finished making
it, the other children claimed the mini keyboard. If you listened only to Carla, it would be
plausible to agree that she should be able to use something she made.

These analogies are an adaptation of Amartya Sen’s example (2009), identifying the diffi-
culties of choosing the fairer option. Depending on your philosophical basis (e.g., utilitarianism,
libertarianism, economic egalitarianism), the decision may differ in each case but is still “ob-
vious” from each viewpoint. We can transpose this problem to Computer Science Education
(CSE). How could CSE stakeholders (e.g., professors, educational managers) appropriately
consider the various equity issues that emerge from a diverse class? How could they balance
race, gender, and socioeconomic issues, for instance? How can this be done in the active
learning context, where student engagement is highly expected?

It is important to highlight two essential contexts that benefited from this deepened dis-



cussion about equity. First, the Brazilian community of computing education research gained
strength from 2019 with the collective articulation of the Interest Group of Computing Edu-
cation (GIEC), leading to the emergence of the Special Committee of Computing Education
(CEduComp) of the Brazilian Computer Society (SBC) in 2023. Investigating equity and active
learning in computing contributes to the formation of more humanized computing research in
Brazil, also favoring the promotion of a critical mass of computing researchers in Computing
Education (CEd).

Second, there is a worldwide ongoing movement that is delegitimizing efforts towards
Diversity, Equity, and Inclusion (DEI) agenda. This movement signals reforming the aims of
education and, consequently, CEd (Tedre; Malmi, 2018). Deepening this discussion about equity
not only contributes to computing research but to a better understanding of this agenda as a
whole, which is of high importance in this context of political polarization and the uncertainty
about the future of DEI policies and affirmative actions around the world (Malcom, 2024).

1.2 OVERVIEW

CSE concerns the reflection of equitable variables. Various works in this area approach eq-
uity issues like gender (Kim; Fann; Misa-Escalante, 2011), race/ethnicity (Nakajima; Karpicz; Gutzwa,
2024), socioeconomic status (Parker et al., 2018), and culture (Arawjo; Mogos, 2021). Equity and
diversity also used to be two sides to a story in Computing Education (CEd), allowing us to see
the same problem from these two perspectives (Lewis; Shah; Falkner, 2019). However, addressing
how to balance different sources of inequities is still an open challenge.

A framework to address this problem is CAPE (Fletcher; Warner, 2021). This stands for
‘Capacity for’, ‘Access to’, ‘Participation in’, and ‘Experience of’ (CAPE). This framework
proposes a lens for assessing equity not only in CSE but in CEd as a whole. Although CAPE
can map most of the main variables to an equity analysis, the concept of capacity is strongly
related to resources, ignoring some essential aspects relative to the real opportunities for a
computing student.

Another framework that can address this problem is the Capabilities Approach (CA) pro-
posed originally by Amartya Sen (1992) and improved by Melanie Walker (2006) for education
purposes. This approach allows us to identify not only the resources that are supposed to be
absent in inequity scenarios but also map the capabilities that cannot possibly be developed
by a student. Other education fields use the capabilities approach (e.g., Geography (Walkington
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et al., 2018), but CEd has explored its potentialities only marginally.
The CA is a theoretical framework based upon two normative claims: (i) the freedom to

achieve well-being is of primary moral importance, and (ii) the understanding of well-being is
directly related to people’s capabilities and functionings. The freedom of being educated is one
of the aims of this perspective, understanding it as a part of the broad problem of liberating
people for a fulfilling life.

In this direction, active learning can potentialize the freedom of CSE students, promoting
more autonomy and crucial soft skills in our complex society. Pedagogical frameworks and
methodologies like andragogy (Ellis, 2002), problem-based learning (Santos et al., 2021), and
peer instruction (Bispo Jr.; Lopes; Santos, 2021) somehow develop the idea of active learning in
this area. These approaches strongly dialog with the constructivism theory (which asserts the
students “construct knowledge rather than merely receive and store knowledge transmitted by
the teacher” (Ben-Ari, 2001, p. 45) and, by consequence, with self-directed learning (McCartney

et al., 2016).
In the Science, Technology, Engineering, and Mathematics (STEM) context, active learning

pedagogies have been effective in promoting the increase of learning outcomes (Prince, 2004).
However, collaborative pedagogies in the CSE context have led to marginalization (Lewis; Shah,
2015) like over-dominance concerning student participation. Self-Directed Learning (SDL) is a
potential equitable practice (Anderson; Beach, 2022), but there are open challenges to consider
regarding when and how to use it (Brookfield, 1993). Understanding better how SDL effectively
occurs in CSE students can also contribute to comprehending the potentiality of active learning
in terms of capabilities.

In developing countries, other challenges emerge. Beyond the potential inequity sources
that emerged from natural diversity in the classroom (e.g., gender, race), structural barriers
deepen the situation (e.g., socioeconomic status, poverty). In African countries, for instance,
CAPE framework is used to analyze equity issues in CEd (Tshukudu et al., 2023). Although the
authors highlight the strengths of its use, they also point out some limitations:

“The CAPE framework helps map the progression from ’Capacity for’ to
’Experience of’ computer science education as a route to equity, but in
order to support development in low and middle income countries, it may
be helpful to have the capacity level finely grained” (Tshukudu et al., 2023,
p. 1).

Maybe the capability approach can help to fill some gaps during equity analysis using only the
CAPE framework.



In this way, the proposed research helps to establish a process to identify the crucial CSE
capabilities in the context of self-directed learning in developing countries. The fundamental
presupposition is to ensure fair and equitable CSE, mainly in the Global South. However,
how do we propose the actions and policies needed to mitigate and, if possible, eliminate the
sources of unfairness from an interrelated and multifactorial perspective of equity issues (e.g.,
race, gender, socioeconomic status)? One way is to assess the educational scenario from the
capabilities approach.

1.3 RELEVANCE TO COMPUTING EDUCATION PRACTITIONERS

It is possible to highlight three directions concerning the relevance of this Doctor of Phi-
losophy (Ph.D.) thesis to CEd practitioners. First, this thesis contributes to forging awareness
about equity issues in CEd (Bispo Jr. et al., 2022). CEd practitioners usually do not have in
their previous education an adequate space to discuss and deepen the discussion about equity
issues in computing contexts. Providing materials and papers contextualizing into CEd allows
them to visualize the applicability in their professional places better.

Second, this thesis contributes to the provisioning of constructs to analyze equity in a
computing class (Bispo Jr.; Santos; Matos, 2024b). It is essential to increase awareness to promote
the intrinsic will towards an educational change. But this awareness can be fruitless if CEd
practitioners cannot verbalize it using a set of equity constructs. CA provides this set, and,
during this thesis, it is possible to realize how to identify each one of them inside a situated
CEd context.

Third, and last, this thesis refers to a pragmatic instantiation of equity discussions in CSE
(mainly in (Bispo Jr.; Santos; Matos, 2024a)). The proposition of a set of guiding questions to
orientate an initial equity analysis for an Engineering collective decision-making of professors
serves this purpose, provoking them not only to change their standing but also change their
actions through the following of this propositional pathway. These recommendations can easily
be transposed from engineering education to CEd.

1.4 SUMMARY OF RESEARCH CONTRIBUTIONS

This is the list of main research contributions of the Ph.D. period:
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(i) the use of Capabilities Approach (CA) as an equity theoretical framework in computing
research, and Computing Education (CEd) mainly;

(ii) the proposition of a new concept called Self-Directed Learning (SDL) capabilities, pro-
viding a lens to assess equity in active learning scenarios;

(iii) a pragmatic instantiation of equity discussions in Computer Science Education (CSE);

(iv) relevant CEd publications1 (Bispo Jr.; Santos; Matos, 2024c; Bispo Jr.; Santos; Matos, 2024b;
Bispo Jr. et al., 2024; Bispo Jr.; Santos, 2024; Feitosa et al., 2024; Cavalcanti et al., 2024b; Pereira

et al., 2024; Melo et al., 2024; Boaventura et al., 2024; Boaventura et al., 2023; Esmeraldo et

al., 2023; Freire et al., 2023b; Freire et al., 2023a; Santos et al., 2022; Bispo Jr. et al., 2022;
Esmeraldo et al., 2022; Bispo Jr.; Lopes; Santos, 2021; Bispo Jr.; Lopes, 2021; Bispo Jr.; Fonseca;

Santos, 2021; Bispo Jr. et al., 2020), and

(v) other relevant computing publications (Bispo Jr.; Santos; Matos, 2024a; Cavalcanti et al.,
2024a; Bispo Jr., 2023; Bispo Jr. et al., 2023; Sansil et al., 2023; Bispo Jr.; Morais; Falcão,
2022; Lima; Bispo Jr.; Abranches, 2022).

1.5 GOALS AND PRESENTATION

The Main Research Question (MRQ) of this Ph.D. thesis is

(MRQ) “How do CSE students conduct their SDL in developing countries from the CA lens?”.

Three research goals (RGs) help to address this question:

(RG1) understanding how CSE students build their SDL trajectories in developing countries;

(RG2) mapping the main elements of SDL capabilities observed in CSE students in developing
countries; and

(RG3) recommending guidelines to (CSE) educational stakeholders concerning how to consider
effectively equity issues and active learning from the CA lens.

From this point, the thesis will be written in the first person where applicable. My philo-
sophical basis of research allows me to seek methodological rigor without writing it in the third
1 All publications referred in item (iv) and (v) are detailed in Appendix A appropriately.



person, which is usually necessary when looking for more objectivity. It is possible to guarantee
objectivity without forcing supposed neutrality (Saviani, 1994, p. 76; Bispo Jr. et al., 2022). I will
develop this idea better in Chapter 5.

The remainder of this thesis is divided as follows. Chapters 2 e 3 present the two central
concepts of this thesis: self-directed learning and equity, respectively. Chapter 4 identifies and
discusses the related work through a mapping review. Chapter 5 positions a reflexivity essay,
providing my assumptions and worldview during my Ph.D. journey. Chapter 6 establishes the
rationale for the methods, discussing their appropriateness in this research. Chapter 7 structures
the research design, pointing out the specificities concerning the method application. Chapter 8
presents the results obtained from the data collection. Chapter 9 discusses the results, searching
for answers to the research questions. Chapter 10 summarizes the final remarks, shimmering
the main findings and potential future works. Finally, Appendix A provides the trajectory of my
latest published research and other essential artifacts used during this research (Appendixes
B, C, D, E, F, and G).
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2 SELF-DIRECTED LEARNING

There are many ways to refer to self-directed learning (SDL). In the middle of a definition’s
diversity, I will adopt a genealogical perspective to choose an appropriate definition for SDL.
Three seminal authors are essential in this approach: Cyril Houle, Alen Tough, and Malcolm
Knowles. I will explain in more detail the contributions of each of them to reach an adequate
SDL definition.

Houle’s work entitled “Inquiring Mind” (1961) introduced the first concerns that would
be important to reach a future SDL concept. Brockett and Donaghy (2005) narrate Houle’s
study with 22 adult learners presented in this work:

“He categorized these learners in three different ways based how they viewed
the ‘purposes and values of continuing education’: goal-oriented, activity-
oriented, and learning-oriented. It was the latter of these groups that was
of particular interest relative to self-directed learning. The learning-oriented
adult was described as an adult who engages in learning purely for ‘the
desire to know’. Here, Houle draws parallels to self-directed learning”.

The “learning-oriented adult” category contained an incipient SDL definition. From this
context, Allen Tough and Malcolm Knowles would take important steps to a more solid defini-
tion. Tough and Knowles are former doctoral students of Houle and deepened this discussion,
advancing toward a better SDL definition. Tough (1967) established a similar SDL concept as
follows:

“When an individual decides that he wants to learn certain information,
knowledge or skill, he often seeks a professional instructor to tell him how
to proceed and to supervise his learning. However, instead of turning most
of the responsibility over to a professional teacher, the individual may de-
cide to act as his own teacher, and assume the primary responsibility for
planning, initiating, and conducting the learning project. Such behavior can
be called self-teaching and the person learning in this manner can be called
a self-teacher” (author’s emphasis).

Self-teaching was one of the first definitions to touch slightly on the SDL concept used
in this text. Some essential aspects of SDL, like planning, initiating, and conducting the own
learning, are related to this definition. Although it mentions these aspects, this definition does
not have sufficient granularity regarding the main phases of the whole learning process.

At last, Knowles (1975, p. 18) defined SDL in a more specific way, covering the main
phases of the learning process:

“In its broadest meaning, ‘self-directed learning’ describes a process in which
individuals take the initiative, with or without the help of others, in diag-
nosing their learning needs, formulating learning goals, identifying human
and material resources for learning, choosing and implementing appropriate
learning strategies, and evaluating learning outcomes”.



The International Society for Self-Directed Learning (ISSDL) uses two definitions as refer-
ences. During the 33rd ISSDL Symposium, the ISSDL board developed a more concise SDL
definition, “thereby helping scholars to differentiate what is and is not SDL-related practice,
research, and theory” (ISSDL Board, 2020). This definition asserts, “SDL is an intentional learn-
ing process that is created and evaluated by the learner”. However, ISSDL also adopts Knowles’
definition as a more extensive version. Due to the importance of the ISSDL decision, I use
Knowles’ definition as the basis for this work and the ISSDL board’s short definition if it is
necessary to refer to SDL synthetically. I created Figure 1 to present the SDL process from
Knowles’ definition schematically.

Figure 1 – SDL process from Knowles’ definition schematically.

Source: Created by the author (2024).

Throughout this chapter, I present SDL in various aspects. Section 2.1 points out the
different SDL goals, considering which philosophical framework the research uses as a reference.
Section 2.2 enumerates the many ways to model the SDL process, highlighting these models’
potentialities and weaknesses. Section 2.3 establishes some relations from the SDL concept
into some approaches like andragogy, problem-based learning, and self-regulated learning. And,
at last, Section 2.4 presents some existing research challenges involving SDL, situating which
one this research addresses.
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2.1 SDL GOALS

It is possible to arrange the SDL kinds from the underlying philosophical position (Caffarella;

O’Donnell, 1987, p. 206). I created three classes based on skill improvement (Section 2.1.1),
critical reflection (Section 2.1.2), and social emancipation (Section 2.1.3). Each class depends
on the learner goal1. I created Figure 2 to illustrate these focuses through concentric layers.
This arrangement does not intend to be exhaustive nor strictly categoric. The purpose is to
provide essential pillars to situate SDL research.

Figure 2 – The arrangement of SDL goals dimensions from underlying philosophical positions.
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Source: Created by the author (2024).

2.1.1 Skill Improvement

The first SDL goal is closer to “a set of personal attributes and specific skills” (Merriam;

Caffarella; Baumgartner, 2007, p. 107). This perspective appears to be coming out of a liberal

1 There are other SDL classifications made by Caffarella and O’Donnell (1987) and Merriam, Caffarella and
Baumgartner (2007, p. 107-110). The need to create another one is because the first is more comprehensive
than what I need for the purposes of this work, and the last is not sufficiently clear to distinguish among
the three proposed classes.



education, providing, if necessary, an enhancement of personal attributes. The idea behind it
is to prepare the student for planning, carrying out, and evaluating their own learning.

However, there is no focus on changing consciousness, nor using this process as a means
to emancipate the learner against an established and oppressive situation. Usually, this skill
improvement of being a self-directed learner is given as a necessary formation step and one of
the professional’s differentials in seeking better opportunities in the labor market2.

This goal is related to the expected stance of a liberal citizen in our society as a lifelong
learner. Due to fast changes happening in our industrialized context, being the major part
caused by the use of technology as a competitive differential, the citizens need to follow this
flux and prepare themselves to adapt to a new situation constantly. This includes being ready
to learn new competencies and, if necessary, to change their job drastically. In this way, a
lifelong learner is not only a result of a new understanding of human development, admitting
a biological possibility to learn even during adult life. A lifelong learner is necessary to support
a liberal model of society proposed currently.

This perspective comprehends the major part of SDL research. It is essential to highlight
that this goal can assume humanistic traits related to responsibility and personal autonomy
like free will to make individual choices, being more associated with accountability.

2.1.2 Critical Reflection

The second SDL goal is not only committed to skill improvement but also concerned with
students’ personal growth from this perspective. The crucial difference here is the source of
students’ learning needs. From a skill improvement perspective, the first driving force that
provokes their learning needs is extrinsic. The labor market, for example, establishes its de-
mands previously and continuously, staving and shaping what should be necessary to compose
a school curriculum and, only subsequently, allowing students to choose learning needs from
a limited range of options.

This goal is closer to students’ intrinsic motivation. Although there is an inward dimension
to want learning, learning needs are socially determined and, for this reason, also naturally

2 I prefer to use "job world" instead of "labor market". The underlying idea behind the "labor market"
seems to consider human beings as available products to be sold. Thus, these products are called "human
resources" and need to be attractive enough to fill the shelves of this "labor market" for organizations to
consume them (similar to raw materials). "Job world", in my understanding, does not carry this range of
meanings, expanding our view concerning jobs.
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determined by different social actors, including the actors belonging to the so-called "labor
market”. However, the weight of this impact matters and the contribution of other social actors
need to be considered in this perspective.

From this lens, transformational learning (Boyer; Maher; Kirkman, 2006; Vallance; Towndrow,
2016) proposes a similar epistemological framework. It is also important to point out that
the lifelong learning (Shen; Chiou; Lee, 2020; Kastelan; Popovic; Bjelica, 2023) can assume this
perspective, providing these skills in response to the learner’s pursuit of their interests (like
Maslow’s theory of self-actualization (Compton, 2024)).

2.1.3 Social Emancipation

The last goal adopts an emancipatory learning stance including social action (Tissenbaum;

Sheldon; Abelson, 2019). Bearing in mind that it is impossible to be neutral in our pedagogical
practice (Bispo Jr. et al., 2022), this perspective gives a next step towards an education that
commit itself against oppression. In "The Pedagogy of Oppressed", Freire (2000, p. 44) iden-
tifies the oppressor-oppressed binomial, having as its main marks the dehumanization process.
For him, the human beings’ search for a fulfilled life lead to overcome this contradiction,
rehumanizing both oppressor and oppressed through a proposal of a new relation between
them that can be achieved by means of an emancipatory education. From this lens, SDL is an
activity strongly relational, because "the liberation of the oppressed is a liberation of women
and men, not things. [...] [N]o one liberates himself by his own efforts alone, neither is he
liberated by others" (Freire, 2000, p. 66).

In this goal, Brookfield (1993, p. 227) exposed a new way to understanding self-direction,
considering it "as part of a cultural tradition that emphasizes the individual’s standing against
repressive interests". He pointed out two political dimensions of self-direction: control and
access to resources. Concerning control, he asserted that:

"The one consistent element in the majority of definitions of self-direction
is the importance of the learner’s exercising control over all educational
decisions. [...] This emphasis on control - on who decides what is right and
good and how these things should be pursued - is also central to notions of
emancipatory adult education" (Brookfield, 1993, p. 233).

And, concerning access to resources, he explained the following:

"The full meaning of control in a self-directed learning project cannot be
realized simply by wishing it into existence. [...] Being self-directed is a
meaningless idea if you are too weary at the end of the day to think clearly
about what form of learning would be of most use to you, or if you are closed



off from access to the resources necessary for you to be able to realize your
self-designed projects" (Brookfield, 1993, p. 237).

Thus, he reveals the interconnections between SDL and equity discussions (explored more in
Chapter 3).

2.2 SDL MODELS

Bearing that Knowles’ definition of SDL occupies a prominent position in literature, it is
usual to see SDL as a process. Thus, different proposed models represent the understanding
of the SDL process and its constituent parts. Merriam, Caffarella and Baumgartner (2007,
p. 110) classify these models into three types: linear, interactive, and instructional. For the
Ph.D. research purposes, I will present in more detail the linear (Section 2.2.1) and instructional
(Section 2.2.2) ones. The model type indicates how a pedagogical approach can embody the
SDL goals.

2.2.1 Linear Models

The first proposed models to SDL had this characteristic: linearity. It is possible that
the early authors did not believe strictly in this way. But, due to the inexistence of previous
references, I think it is natural to propose a first minimum scaffold to refine it in the future.
In this way, it does not seem to me as a helpful comprehension that these authors are “naive”
when they propose their models. They give the first steps towards a better understanding and
deepening SDL as a process.

I list two prominent representatives of linear models: Allen Tough and Malcolm Knowles. I
will discuss Knowles’ description of SDL as a process in more detail. From Knowles’ definition
and my schema presented in Figure 1, it is possible to identify five phases: (i) diagnosing
learning needs, (ii) formulating learning goals, (iii) identifying human and material resources
for learning, (iv) choosing and implementing appropriate learning strategies, and (iv) evaluating
learning outcomes. Although it is not present in the literal definition, Knowles (1975, p. 9,
29, 60) also adopts a preliminary phase called “setting a climate”. Thus, it is possible to see
Knowles’ model as composed of six phases instead of five.

We can compare the SDL linear models to the first software lifecycle models. The waterfall
model (Ruparelia, 2010, p. 8) also proposes a well-established sequence of phases that may
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invoke feedback loops. I believe that both Tough and Knowles considered other variables like
internal dispositions or social context of the learner and judged them necessary during the SDL
process. However, these variables were not explicitly expressed in their proposed models. I list
in Table 1 all competencies proposed by Knowles (1975, p. 61) to be used by self-directed
learners as a self-rating instrument.

Table 1 – List of SDL competencies proposed for a self-rating instrument.

Competencies of Self-Directed Learning
1 An understanding of the differences in assumptions about learners and the skills re-

quired for learning under teacher-directed learning and self-directed learning, and the
ability to explain these differences to others.

2 A concept of myself as being a non-dependent and a self-directing person.
3 The ability to relate to peers collaboratively, to see them as resources for diagnosing

needs, planning my learning, and learning; and to give help to them and receive help
from them.

4 The ability to diagnose my own learning needs realistically, with help from teachers
and peers.

5 The ability to translate learning needs into learning objectives in a form that makes
it possible for their accomplishment to be assessed.

6 The ability to relate to teachers as facilitators, helpers, or consultants, and to take
the initiative in making use of their resources.

7 The ability to identify human and material resources appropriate to different kinds of
learning objectives.

8 The ability to select effective strategies for making use of learning resources and to
perform these strategies skillfully and with initiative.

9 The ability to collect and validate evidence of the accomplishment of various kinds of
learning objectives.

Source: Adapted from (Knowles, 1975, p. 61).

There are two main critiques of this type of model. First, the linearity can lead the learner or
facilitator to admit this sequence as a strict and irrevocable flux to follow, precluding necessary
returns to early phases to guarantee effective learning. Second, the simplicity of these models
does not explicitly address other internal dimensions of the learner beyond the cognitive or
meta-cognitive aspects (e.g., feelings) or external dimensions like structural barriers (e.g.,
racism, poverty).



2.2.2 Instructional Models

The last class of SDL models refers to frameworks that teachers can utilize in order to
foster SDL competencies into their programs and activities. I will present the SSDL Model
that “suggests how teachers can actively equip students to become more self-directed in their
learning” (Grow, 1991, p. 126). To achieve this, an axis (ranging from an Authority/Coach to
a Consultant /Delegator teacher) situates what standing should be adopted in each situation
(Table 2).

Table 2 – Staged SDL Model structured into a table.

Stage Student Teacher Examples
Stage 1 Dependent Authority

Coach
Coaching with immediate feed-
back. Drill. Informational lec-
ture. Overcoming deficiencies
and resistance.

Stage 2 Interested Motivator,
guide

Inspiring lecture plus guided dis-
cussion. Goal-setting and learn-
ing strategies.

Stage 3 Involved Facilitator Discussion facilitated by teacher
who participates as equal. Sem-
inar. Group projects.

Stage 4 Self-directed Consultant,
delegator

Internship, dissertation, individ-
ual work or self-directed study-
group.

Source: Adapted from (Grow, 1991).

Grow’s model also signals how would be a desirable matching between student SDL stage
and teacher standing. Figure 3 shows a confusion matrix, highlighting a dynamic should exist
in our educational practices aiming to materialize of our SDL students. In this research, I adopt
a combination of Knowles’ and Grow’s models, providing the constructs for the discussion of
results.
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Figure 3 – Staged SDL Model structured from a confusion matrix.

Source: Adapted from (Grow, 1991).

2.3 SOME SDL RELATIONS

Researching SDL is strategic due to several relations with other educational concepts and
perspectives. This section presents relations from SDL to learning in adulthood (Section 2.3.1),
problem-based learning (Section 2.3.2), and self-regulated learning (Section 2.3.3).

2.3.1 SDL and Learning in Adulthood

In the major part of the 20th century, learning in adulthood was considered a synonym
for adult education. Bearing in mind that the understanding of what adulthood is and what
an adult can do and be has changed over time (e.g., the conception about the emerging
adulthood (Parameswaran, 2020)), learning in adulthood is an organic area that has been evolving



continuously. Currently, learning in adulthood encompasses many learning situations (e.g.,
professional, personal learning needs) and learning spaces (e.g., formal, nonformal, informal
learning), revealing that adult education is one of the various possibilities to address the
phenomenon. Aiming to illustrate the rich relations between SDL and learning in adulthood,
I will focus on Knowles’ andragogy and Freire’s pedagogy of the oppressed.

Knowles’ andragogy (Knowles, 2005) is based on the need to understand how adults learn
differently than children. Andragogy usually rests on six assumptions involving epistemological
and anthropological perspectives about the adult and their learning. One of these assumptions
is that an adult would tend to a self-direction stance instead of a more dependent one (Merriam;

Caffarella; Baumgartner, 2007, p. 84). This self-direction propensity would conduct adult to SDL
naturally. Thus, teaching adults considering their current human development stage and phase
of social life requires adopting pedagogical perspectives toward SDL.

Freire’s pedagogy of the oppressed (Freire, 2000) arose from a different context of andra-
gogy, rooted in poverty, illiteracy, and oppression among adults. Freire does not differentiate
personal empowerment and social transformation, enabling the adult learner "to speak a true
work" and "transform the world" simultaneously (Freire, 2000, p. 87). This pedagogy becomes
concrete through a robust dialogic process, giving up from authoritarian perspectives (called
by him "banking education") to a collective and situated construction of both curricula and
learning. Thus, inside Freire’s pedagogy, SDL always appears as a means to promoting critical
reflection, putting all stages of Knowles’ SDL in a sociocultural pedagogical action, reframing
the classical notion of an individual adult learner. Owen (2002) puts Freire’s SDL in adulthood
learning beside Jack Merirow and Stephen Brookfield as critical perspectives.

2.3.2 SDL in Problem-Based Learning

SDL plays a crucial role in the Problem-Based Learning (PBL) approach. Savery and Duffy
(1995, p. 4) define PBL as "a general model [that uses] authentic problems as the stimulus for
and organizer of learning activities and the learners work in small collaborative groups". PBL
has been adopted in Computing Education for a long time (Santos et al., 2021), and there are
multiple paths to incorporate it from a single course scope to an entire program curriculum.

Aiming to assess the PBL approach, Savery and Duffy assert that it should have "both
a critique of performance and suggestions of ways to improve in three areas: self directed
learning; problem solving; skills as a group member". Thus, it is possible to realize that, for
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them, SDL is one of the three essential areas when we adopt PBL.
Another way to realize the importance of SDL in PBL is by analyzing the PBL principles.

Santos and colleagues (Santos; Figuerêdo; Wanderley, 2013; Santos; Furtado; Lins, 2014; Santos, 2017;
Arruda; Santos; Bittencourt, 2019) extracted ten principles of the PBL approach from the main
PBL literature, including the seminal papers of Savery and Duffy. These ten PBL principles
are listed in Table 3. Of ten principles, five are strongly related to SDL (Principles 2, 5, 7, 8,
and 9). Hence, this evidences how SDL is fundamental in the PBL conception.

Table 3 – Ten PBL principles and their relation to SDL.

# Principle Relation to SDL
1 Problem(s) at the core of the educational proposal. -
2 Learner as the owner of the problem. Strong
3 Authenticity of the problem or task. -
4 Authenticity of the learning environment. -
5 Learner drives the problem-solving process. Strong
6 Complexity of the problem or task. -
7 Learners test ideas against alternative views and contexts. Strong
8 Reflection on the content and process learned. Strong
9 Collaboration and multidirectional learning. Strong
10 Continuous assessment. -

Source: Santos, Furtado and Lins (2014).

Other relations can be identified between SDL and PBL. Leary et al. (2019, p. 193)
presented evidence supporting some claims that

"[...] PBL promotes self-directed learning both as a process within PBL and
as an outcome of effective PBL interventions. Further, self-directed learning
is mediated heavily by student and teacher perceptions, by environmental
factors, and by underlying models that are used (or not) as part of a larger
intervention".

The authors also mention the benefit of SDL development in the PBL process:

"The development of effective self-directed learning skills includes self-assess-
ment and flexible knowledge so that the student understands their per-
sonal learning needs and where to find and use appropriate information for
problem-solving. [...] They need to set goals and be able to identify their
knowledge gaps, strategize how to reach their goals, implement the plan,
and assess if they have reached their goal. The collaborative part of self-
directed learning encompasses all aspects of working in a group and, as
students commence work in PBL environments, working through problems
they build their self-directed learning skills" (Leary et al., 2019, p. 188).

Lastly, Leary et al. (2019, p. 183) show the difference between SDL and self-regulated learning
but attest to the similarity between them in PBL contexts:



"Self-regulated learning focuses on narrow micro-level constructs with tasks
typically set by a teacher in a formal learning environment, while self-directed
learning stems from adult education and involves broader macro-level con-
structs initiated by students. Zimmerman and Lebeau contend that in con-
text of PBL, that self-regulated learning and self-directed learning are highly
similar and oftentimes the literature uses the terms interchangeably".

2.3.3 SDL and Self-Regulated Learning

Self-Regulated Learning (SRL) is "an active, constructive process whereby learners set
goals for their learning and then attempt to monitor, regulate, and control their cognition,
motivation, and behavior, guided and constrained by their goals and the contextual features
in the environment" (Pintrich, 2000, p. 453). As mentioned in the previous section, SRL has
an interchangeable use to SDL in PBL context, but, although its definition closely relates to
SDL one, there are differences between them.

Saks and Leijen (2014, p. 192) present a list of differences between these two concepts
ranging from (i) origins, (ii) kind of educational space, and (iii) construct level. SDL came
from Adult Education, while SRL came from Educational and Cognitive Psychology. SDL is
most used to describe activities outside the traditional school environment, while SRL is more
studied in formal spaces. SDL involves a broader macro-level construct initiated by students,
while SRL focuses on narrow micro-level constructs.

The relation between them is better described by (Saks; Leijen, 2014, p. 192):

"Self-directed learning has been considered a broader construct encompass-
ing self-regulated learning as narrower and more specific one. SDL has also
been treated as a broader concept in the sense of learner’s freedom to man-
age his learning activities and the degree of control the learner has. In SDL
this is the learner who defines the learning task, in SRL it may also be a
teacher. [...] Self-directed learning may include self-regulated learning but
not the opposite. In other words, a self-directed learner is supposed to self-
regulate, but a self-regulated learner may not self-direct. From this point of
view, self-directed learning deals more with subsequent steps in the learning
process. Providing students with opportunities for self-directed practice can
help to improve their self-regulation".

Loyens, Magda and Rikers (2008, p. 418) go to same direction concerning the SDL coverage:

"In sum, the concept of SDL is broader than SRL. SDL as a design feature
of the learning environment stresses students’ freedom in the pursuit of their
learning.
[...] As such, a closer examination of both SRL and SDL as learning processes
brings the issue of student control over the learning task to the fore. Clearly,
both SDL and SRL carry an element of student control. However, the degree
of control the learner has, specifically at the beginning of the learning process
when the learning task is defined, differs in SDL and SRL. In SDL, the
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learning task is always defined by the learner. A self-directed learner should
be able to define what needs to be learned. [...] In this sense, SDL can
encompass SRL, but the opposite does not hold. SRL seems more concerned
with the subsequent steps in the learning process such as learning goals and
strategies, while SDL clearly provides a crucial role for the learner at the
outset of the learning task".

2.4 SOME RESEARCH CHALLENGES AND OPPORTUNITIES

Merriam, Caffarella and Baumgartner (2007, p. 128) listed some challenges in SDL re-
search, posing these questions bearing in mind adult education mainly. I highlight three of
them:

(i) "Are there public policy issues at the national, state, or local level related to SDL? If so,
what roles could adult educators play in advocating and developing such policies?

(ii) To what extent is SDL situational or cultural?

(iii) How do cultural and contextual factors shape SDL?”

This Ph.D. thesis, when addressing equity issues in a developing country context, aims to
explore better these three questions in a CSE scenario.

Several studies addressed the meeting between SDL and CEd, signaling good promissory
ways of researching this topic. McCartney et al. (2016) investigated the reasons computing stu-
dents learn on their own, interviewing seventeen students from different backgrounds. Tagare
et al. (2023) reviewed the literature looking for the dispositions that computing profession-
als value, identifying two of five themes strongly related to SDL (self-regulation and lifelong
orientation). Cawley et al. (2014) incorporated what they called SDL pedagogy in computing
classroom in PBL software engineering courses. Lastly, Maphalala and Ajani (2024) faced CSE
under the SDL lens, reviewing existing research in this area.
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3 EQUITY

One of the emerging challenges in Computing Education (CEd) refers to diversity (Burgstahler,
2011, p. 19:2). Existing differences in a classroom can be a source of wealth and beauty. But
they can also be a source of tensions that can generate conflicts. These conflicts are directly
associated with the existence of privilege deriving from these differences.

According to Parker and Guzdial (2015, p. 1), privilege is “an unearned, unasked-for advan-
tage gained because of the way society views an aspect of a student’s identity, such as race,
ethnicity, gender, socioeconomic status, and language”. The Brazilian Institute of Geography
and Statistics (IBGE)1 conducted the Continuous National Survey by Domicile Sample (PNAD
Contínua)2 in 2018, relating the theme of Information and Communication Technology. This
survey revealed that one in four Brazilian people does not have internet access. Suppose we
admit that a fraction of these Brazilians who do not have internet access were composed of
students in an undergraduate computing program. What would be the impact of this reality
on their education quality? What would be the difference in the education quality of these stu-
dents relating to others? Scenarios like this show that the differences can convert in privilege
to a specific social stratum of the scholar community.

The understanding that there is inequality in the conditions of student’s context is fun-
damental for promoting social justice in Computer Science Education (CSE). This perception
allows the professor to reorganize their priorities and build a more honest frame of emerging
problems deriving from the diversity of their scholar community.

Some concepts are essential when we refer to inequality of opportunities in education.
Lewis, Shah and Falkner (2019, p. 482) assert that:

“Equality refers to the state where everyone has or is allocated the same
things in the same degree, whereas equity typically refers to having access
to what is needed. [...] In general, [...] equity, and not equality, defines fair
and just learning opportunities” (my emphasis).

An exciting way to understand the two concepts is by employing an illustration3 (Figure 4).
The equality of conditions does not necessarily guarantee the real equality of opportunities. If
we want everybody to have a real chance to watch the match, there must be a differentiated
and intentional treatment.
1 IBGE stands for Instituto Brasileiro de Geografia e Estatística in Brazilian Portuguese.
2 PNAD Contínua stands for Pesquisa Nacional por Amostra de Domicílios Contínua in Brazilian Portuguese.
3 Angus Maguire created this illustration and made it available in his portfolio: <http://madewithangus.

com/portfolio/equality-vs-equity/.>

http://madewithangus.com/portfolio/equality-vs-equity/.
http://madewithangus.com/portfolio/equality-vs-equity/.


Figure 4 – Illustration about the difference between equality and equity.

Source: Created by Angus Maguire (IISC, 2016).

Throughout this chapter, I detail the consequences of admitting this differentiated treat-
ment to promote social justice in CSE. Section 3.1 shows the difference principle proposed by
John Rawls. Section 3.2 explains the capability approach of Amartya Sen and what it advances
in the discussion about equity. Section 3.3 details the CAPE framework, eliciting its elements,
and how it has been used to analyze CSE equity issues. Section 3.4 describes the Brazilian
context concerning the adoption of affirmative actions in higher education. And, at last, Sec-
tion 3.5 points out the emergent issues when we investigate equity in active methodologies in
CEd.

3.1 DIFFERENCE PRINCIPLE

Still developing the distinction between equality and equity, I present the difference principle
stated by Rawls (1971). Rawls was a The United States of America (USA) citizen and political
philosopher in the liberal tradition (Wenar, 2021). His theory structures a society under the
lens of an egalitarian economic system.

Hans Traxler4 created an excellent illustration (Figure 5) that helps us to delve into this
discussion. In the first moment, it is natural to assume that equal treatment is a synonym for
4 It is known that Hans Traxler, a Czech illustrator, created the original cartoon in 1976 (No Quites La

Firma, 2019). But it is unknown the artist who translated it for English version. See more details <https:
//historyof.place/the-politics-of-disability-from-6th-century-china-to-the-industrial-revolution/>.

https://historyof.place/the-politics-of-disability-from-6th-century-china-to-the-industrial-revolution/
https://historyof.place/the-politics-of-disability-from-6th-century-china-to-the-industrial-revolution/
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justice. But there are several scenarios, like that presented by Traxler, evidencing the issues
that can emerge for our students from this premise.

Figure 5 – Illustration translated from original cartoon created by Hans Traxler.

Source: Created by Traxler (No Quites La Firma, 2019).

The crucial point here is that, probably, the underlying reason to apply equal treatment to
foster social justice is our search for equality of opportunities. Equal treatment used to be the
default solution to tackle common justice problems in our day-to-day life. But equal treatment
is not what we are searching for. We use equal treatment aiming for equality of opportunities.
In this way, it will be necessary to discern when to make use of equal treatment or not. Just in
this point Rawls’ principle plays an essential role in the discussion about equality and equity.

Rawls’ starting point is what he called the “original position” for all people of an imaginary
society that does not exist yet. Rawls (1971, p. 12) develops this idea clearly, asserting that:

“[N]o one knows his place in society, his class position or social status, nor
does anyone know his fortune in the distribution of natural assets and abil-
ities, his intelligence, strength, and the like. I shall even assume that the
parties do not know their conceptions of the good or their special psycho-
logical propensities. The principles of justice are chosen behind a veil of
ignorance”.

And what are these principles? Rawls (1971, p. 83) lists two that would naturally arise
from the veil of ignorance. The second principle states the following:

“2. Social and economic inequalities are to be arranged so that they are
both:

(a) to the greatest benefit of the least advantaged, consistent with the
just savings principle, and



(b) attached to offices and positions open to all under conditions of fair
equality of opportunity".

Part (a) of this principle is what Rawls named the difference principle. The difference
principle is a rational justification for a differentiated treatment aiming to promote equality of
opportunities.

Why more boxes for the child (Figure 4)? Because we want to promote equality of oppor-
tunities. Thus, we guarantee the greatest benefit to the least advantaged originally. Why can
we not apply the same exam for all (Figura 5)? Because we would not guarantee equality of
opportunities for everybody. It is possible to connect this to what Parker and Guzdial (2015,
p. 4) assert about the difference principle:

“[Strict] equality is privilege agnostic and implies giving every student equal
opportunities no matter where they start. Justice is privilege sensitive and
involves giving some students more opportunities than others based on how
disadvantaged the student might be”.

Fostering privilege sensitivity matters if we want to build a school environment that does not
reproduce the pre-existing inequalities in our society. Restructuring the school in an equitable
direction signals an achievable changing perspective for society in seeking a fairer world.

Although the difference principle occupies a prominent position concerning equity dis-
cussion, the whole Rawls’ theory of justice doesn’t have the same acknowledgment. Many
researchers (like me) are not interested in establishing a foundational theory (bearing in mind
that Rawls’ original position is only relevant to establishing a public reason in a collective
debate). The reality is that it is not possible to reinitialize the whole society from this jus-
tice perspective. One more interesting proposal can be to identify and highlight the main
aspects to consider to discuss equity appropriately (including by using the difference princi-
ple). Robeyns (2005, p. 94) presents the Capabilities Approach (CA) as a possibility to address
these questions in a framework perspective:

“Note that the capability approach is not a theory can explain poverty,
inequality or well-being; instead, it rather provides a tool and a framework
within which to conceptualize and evaluate these phenomena. Applying the
capability approach to issues of policy and social change will therefore often
require the addition of explanatory theories”.

Thus, I will present CA in the next section from the perspective of an equity conceptual
framework.
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3.2 CAPABILITIES APPROACH

Following the discussion, the CA was proposed by Amartya Sen and puts the focus on
other aspects when analyzing equity issues. Sen is an Indian economist and philosopher who
follows the liberal tradition (like Rawls). He is known for his contributions to the creation of
the Human Development Index (HDI) (Bomfim, 2012) and for winning the Nobel Prize (Nobel

Prize Outreach, 2022).
The main question raised by Sen (1992, p. 12) is "equality of what?". Sen’s concerns

concentrated on the higher risk of reducing the efforts to deal with inequalities to a single-
dimensional analysis. The inequality problem is complex and multidimensional by nature. Thus,
when we analyze the problem only with the incoming inequality lens, for instance, other sources
of inequalities can probably be neglected and, in some cases, even aggravated. Although the
race lens, for example, can contribute to informing essential aspects that can not be overlooked
by all stakeholders responsible for analyzing a given scenario, this one is not enough to inform
a decision-maker with quality and robustness if isolated from others.

The unifier key point for Sen is the freedom to achieve well-being. Well-being is an issue
of primary moral importance in Sen’s perspective. The well-being prism is the umbrella that
allows for a more diverse analysis from different sources of inequities to dialog to achieve a
single (but complex) commitment. In summary, the first normative claim of the theoretical
framework of the CA is that the freedom to achieve well-being is of primary moral importance.
Drèze and Sen (2002, p. 3) explore this direction, asserting that:

"It should be clear that we have tended to judge development by the expan-
sion of substantive freedoms - not just by the economic growth (for example,
of the gross national product), or technical progress, or social moderniza-
tion. This is not to deny, in any way, that advances in the latter fields can
be very important, depending on circumstances, as ”instruments” for the
enhancement of human freedom. But they have to be appraised precisely in
that light - in terms of their actual effectiveness in enriching the lives and
liberties of people - rather than taking them to be valuable in themselves".

The second CA claim is that the understanding of well-being is directly related to people’s
capabilities and functionings. When Sen attaches the proper comprehension of well-being to
the concepts of functioning (Section 3.2.1) and capability (Section 3.2.2), he shifts the concern
to defining what well-being is exactly, exploring these two crucial CA concepts in more detail.
Honestly, Sen’s contribution resides primarily in this shifting, indicating the primacy of well-
being but does not exhaust it. Sen allows a certain plasticity level of his approach not to define
well-being categorically. However, he establishes three concepts for guiding the discernment



of dealing with an analysis from a multidimensional inequity perspective. Beyond functionings
and capabilities, conversion factors (Section 3.2.3) are the third essential CA concept.

3.2.1 Functioning

As mentioned, Sen does not define well-being but characterizes it in terms of functionings
and capabilities. About functionings, he asserts that:

"The well-being of a person can be seen in terms of the quality of the
person’s being. Living may be seen as consisting of a set of interrelated
”functionings”, consisting of beings and doings. A person’s’ achievement in
this respect can be seen as the vector of his or her functionings. The rele-
vant functionings can vary from such elementary things as being adequately
nourished, being in good health, avoiding escapable morbidity and prema-
ture mortality, etc., to more complex achievements such as being happy,
having self-respect, taking part in the life of the community, and so on"
(Sen, 1992, p. 39).

Thus, functionings are beings and doings that are "various states of human beings and activities
that a person has achieved" (Robeyns; Byskov, 2023).

From an educational perspective, I can exemplify this concept from a political-pedagogical
project of a computing program. When a professor’s group delineates a graduate profile, it
idealizes all the expected functionings that a student should achieve after the completion of
the course. In this way, beings like "to be proactive" or "able to work in groups", and doings
like "sorting an array" and "modeling a database" are functioning descriptions. All these would
be relevant functionings that a graduate should have. Thus, there is a vector of interrelated
functionings that describes a graduate profile appropriately (see Figure 6).

A concrete example can be extracted from the Computing Curricula 2020 (CC2020) pro-
posed by a task force conducted by Association for Computing Machinery (ACM) and IEEE
Computer Society (IEEE-CS). The CC2020 (ACM; IEEE-CS, 2020, p. 52) embraced competency
lens for all its computing curricula, giving examples of competency statements like this:

"Identify and document system requirements by applying a known require-
ments elicitation technique in work sessions with stakeholders, using facili-
tative skills, as a contributing member of a requirements team".

If we expand and rebase our way to see competency (Lozano et al., 2012), a competency can
be a vector of interrelated functionings. When it is present in a political-pedagogical project,
it is an expected set of functionings. When we have any graduate with this competency, it is
an achieved set of functionings (or just achievement).
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Figure 6 – Schema of a Computer Science graduate profile composed by beings and doings.

Graduate Profile

Beings Doings

to be proactive

able to work in groups

sorting an array

modeling a database

Source: Created by the author (2024).

We know, for instance, that students only develop complex software if they have previously
understood loops and conditionals. Thus, bearing in mind an achieved functioning (understood
loops and conditionals) can be an expected functioning (developing complex software) in
another context, it is interesting to differentiate them. Sen amplifies this difference for a
freedom perspective and defines the capability concept.

3.2.2 Capability

Sen (1992, pp. 39, 40) continues developing his definition as follows:

"Closely related to the notion of functionings is that of the capability to
function. It represents the various combinations of functionings (beings and
doings) that the person can achieve. Capability is, thus, a set of vectors
of functionings, reflecting the person’s’ freedom to lead one type of life
or another. Just as the so-called ”budget set” in the commodity space
represents a person’s’ freedom to buy commodity bundles, the ”capability
set” in the functioning space reflects the person’s’ freedom to choose from
possible livings".

Thus, capabilities are "the real, or substantive, opportunity that they [human beings] have to
achieve these doings and beings" (Robeyns; Byskov, 2023).

We can return to the same educational example in the previous section. Professors should
conduct their students to achieve the expected functionings of the political pedagogical project.
Bearing in mind that these students have a probable and different set of achievements (achieved



functionings), it is possible some students may (or may not) have a vector of functionings
necessary to achieve what is required by the program. If this vector of necessary functionings
exists for students, we say they have capabilities for it.

Let us materialize with a concrete example. Anne, Bill, and Carla are three students who
know how to develop programs satisfactorily. Anne and Bill know the Theorem of Pythagoras,
but Carla does not know. The lecturer asks them to create a program that returns the distance
between two points in a Cartesian plane after receiving the four coordinates as parameters.
In a naive analysis, Anne and Bill have the capability for it, but Carla has not. Even if Bill
does not want to develop what the lecturer asks him, he continues to have this capability. He
has the freedom to do it if he wants. It does not matter if he did or not when we conduct a
capability analysis.

I will complicate this situation more. Imagine that Anne wants to develop the program,
but she does not have a computer in her home. She is in the middle of a critical wave of
cases during a pandemic scenario like the Coronavirus Disease - 2019 (COVID-19) one. In this
aggravated situation, she does not have the capability to do it. Anne has two limitations: she
does not have a computer (resource), and can not go to the lab in her university (mobility).
A complete capability analysis needs to consider the complexity and multidimensionality that
equity issues can achieve. To encompass this complexity that a capability analysis should have,
Sen also establishes the concept of conversion factors.

3.2.3 Conversion Factors

An illustrative example helps us to understand a deeper discussion about resource provision.
Figure 7 presents a man facing difficulties in seeing over the wall5. Although he has a bunch
of stairs at his disposal, he does not make use of them appropriately. There is an expression
in the figure asserting that: "It doesn’t matter how many resources you have. . . if you don’t
know how to use them, it will never be enough". The resource possession can not be enough
to convert it into the expected benefit.

Sen (1992, pp. 37, 38) asserts that there are conversion factors to be considered during a
capability analysis:

"The resources a person has, or the primary goods that someone holds, may
be very imperfect indicators of the freedom that the person really enjoys to

5 Unknown authorship. The illustration is available in <https://www.reddit.com/r/brasil/comments/8l4qyp/
dont_matter_how_much_resources_you_have_if_you/>>.

https://www.reddit.com/r/brasil/comments/ 8l4qyp/dont_matter_how_much_resources_you_have_if_you/>
https://www.reddit.com/r/brasil/comments/ 8l4qyp/dont_matter_how_much_resources_you_have_if_you/>
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do this or be that. [...] The personal and social characteristics of different
persons, which can differ greatly, can lead to substantial interpersonal vari-
ations in the conversion of resources and primary goods into achievements.
For exactly the same reason, interpersonal differences in these personal and
social characteristics can make the conversion of resources and primary
goods into the freedom to achieve similarly variable".

Robeyns and Byskov (2023) categorizes the conversion factors into three groups: personal,
social, and environmental.

Figure 7 – Illustration showing that the resource possession can not be enough to convert into the expected
benefit.

Source: Unknown authorship.

Personal conversion factors "influence how a person can convert the characteristics of the
commodity into a functioning" (Robeyns, 2005, p. 99). I can list examples of these factors as
metabolism (e.g., Do you have thyroid problems? Are you old or young?), physical condition
(Are you tired? Are you disabled?), sex (e.g., Are you a woman? Are you a transgender?),
reading skills (e.g., Do you know how to read? Do you know how to read English?), and
intelligence (e.g., Are you competent at this? Do you have all the pre-requirements for it?).
For instance, requesting CSE students to do a reading task might not face any problem if they



are well-nourished. but if they are not, we should ask ourselves what (and how) we may require
of them, even knowing their food vulnerability, to respond to our requirements adequately.

Social conversion factors are directly related to the society in which people live. I can list as
examples: public policies (e.g., affirmative actions, minimum income), social norms (e.g., "boys
dress blue, girls dress pink", handshaking), discriminating practices (e.g., racism, homophobia),
gender roles (e.g., "ladies first"), societal hierarchies (e.g., monarchy, patriarchalism), and
power relations (e.g., professor-student, boss-employee). For instance, requesting CSE students
to do a reading task on Saturdays can face religious barriers. If you have one who is a member
of the Seventh-day Adventist Church, this student can allegate impossibility to do this therefore
Saturday is a holy day for them6.

Lastly, environment conversion factors "emerge from the physical or built environment in
which a person lives" (Robeyns; Byskov, 2023). I can list as examples climate (e.g., arid, rainy),
geographical location (e.g., rural, urban), proneness to natural disasters (e.g., earthquake,
hurricane), and availability of natural resources (e.g., river, wood). Requesting CSE students
to go to the library to get a book immediately after a hurricane hit, for instance, can be
unfeasible, and consequently, they would not have the capability for it.

I conclude this section with another Sen (1992, p. 38) assertion about conversion factors:

"If we are interested in the freedom of choice, then we have to look at the
choices that the person does in fact have, and we must not assume that the
same results would be obtained by looking at the resources that he or she
commands. The moves towards resource-based interpersonal comparisons
in contemporary political philosophy (such as those of Rawls and Dworkin)
can certainly be seen as taking us in the direction of paying attention to
freedom, but the moves are substantially inadequate. In general, compar-
isons of resources and primary goods cannot serve as the basis for comparing
freedoms".

Equality of opportunities involves resources, but not only. The CA approach provides us with
a possible common vocabulary to analyze equity issues from different theoretical standpoints.
After this discussion, we can define equity as the equality of capabilities. The challenge is
identifying the crucial capabilities in a Computer Science (CS) program and proposing policies
to guarantee them.

Robeyns (2005, p. 98) schematizes the concepts presented here generally (Figure 8) without
educational concerns nor representing a minimal dynamic related to the flux from current to
expected functionings. Bearing in mind that there is no consensus as to how methodologically
6 By the way, I used "they/them" in this phrase to refer to someone that I do not know who is

in relation to gender or sex orientation (see more in <https://www.npr.org/2021/06/02/996319297/
gender-identity-pronouns-expression-guide-lgbtq>). This is another example of social norm.

https://www.npr.org/2021/06/02/996319297 /gender-identity-pronouns-expression-guide-lgbtq
https://www.npr.org/2021/06/02/996319297 /gender-identity-pronouns-expression-guide-lgbtq
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operationalizing CA constructs (e.g., Comim (2008, p. 157), Hart (2012, pp. 65-69)), I created
a minimal dynamic flux to guide an educational equity analysis from CA lens (Figure 9),
indicating clearly three critical dimensions: Achievements (A), Means (M), and Conversion
Factors (CF).

Figure 8 – A stylized non-dynamic representation of a person’s capability set and her social and personal
context.

Source: Robeyns (2005, p. 98).

Figure 9 – A stylized dynamic representation of a student’s capability set and their social and personal context.
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3.2.4 Critiques to Capabilities Approach

I can list at least two critiques to CA. The first critique concerns the choice of a unifier
lens. In the same way that Sen problematizes a resource-based lens, it is possible to extend
his argument and assert that there is a level of arbitrariness in the choice of well-being as
the unifier lens. Can we guarantee that this lens encompasses all dimensions of a complex
equity analysis? Would this lens tend to value some aspects of an equity scenario more than
others? Indeed, when we prefer one lens over another, our choice is carried by intentionality,
and it is plausible to consider all implications of this decision. As this is a circular argument,
anyone who advocates that their lens is preferable to another will be liable to suffer this kind
of objection.

The second critique concerns the original CA political standing. CA is conceived under
the liberal worldview, even situated closer to socio-liberalism. For this reason, CA is reformist
about how to proceed with the changes in our society and, consequently, not revolutionary (in
a Marxist view). It is possible that some progressives or feminist researchers can not receive
CA gladly. For instance, Dejaeghere (2020, p. 17) approaches how postcolonial and feminist
perspectives can be used to address critiques about the CA related to questions of power and
the individualized and decontextualized nature of capabilities. CA research area is evolving the
original Sen approach to appropriately consider these epistemological possibilities (e.g., critical
capabilities (Walker, 2010)).

When we presuppose a revolutionary perspective, it is essential to bear in mind the direct
consequences of this choice. For instance, Figure 10 presents a third frame proposing what
should be a kind of liberation in the watching game scenario7. The idea of providing the solution
only by rearranging the box number available for each person can be read from a reformist
perspective. We intervene in the box number but do not change the stadium structure, for
example. The fence removal is concerned with modifying the structure at a higher level, aiming
to solve this problem without recurring for a box redistribution. Although this action remedies
the problem of watching games for those three people, it can generate other implicit problems
that the stadium structure has already dealt with. Depending on the awareness level of the
audience, the fence can play a collective role in preventing anyone from trespassing on the
field and disturbing the expected flux of the game, affecting other people in the audience in

7 Available by Center for Story-based Strategy (CSS) in: <https://www.storybasedstrategy.org/
tools-and-resources>.

https://www.storybasedstrategy.org/tools-and-resources
https://www.storybasedstrategy.org/tools-and-resources
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their freedom to watch the game. It is totally plausible to shimmer possibilities to change
the structure instead of providing only "make-up solutions" for equity problems. However,
it is necessary to observe that some macro-structures in our society play multiple functions
(primarily when we propose radical structural changes).

Figure 10 – Illustration about the difference among equality, equity, and liberation.

Source: Unknown authorship.

It is important to highlight that the reasons that I chose Rawls and Sen for this discussion in
this research are (i) the agenda of social justice is not an exclusivity of progressive perspectives,
and (ii) Sen contributes to this discussion from a differentiated place of speech; he is from the
Global South and knows the hardness of social inequalities in his own country (India).

3.3 CAPE FRAMEWORK

CA is one of the possible frameworks to address the balance problem of diverse sources
of inequalities. But there is one of these frameworks that arises inside CEd area and tries to
address this same complex problem: CAPE framework (Fletcher; Warner, 2021). It provides a
set of essential constructs to conduct CEd equity analysis to supply stakeholders with more
qualified information to help their decision-making.

It stands for four expressions: ‘Capacity for’, ‘Access to’, ‘Participation in’, and ‘Experience
of’ (CAPE). It proposes to assess CEd using strategic questions at more diverse levels of
analysis (Figure 11). The CAPE richness is that each one of these expressions represents an
education level at which CEd can be offered, allowing to tackle equity issues as a public policy



perspective transversally.

Figure 11 – The CAPE Framework schema.

Source: Fletcher and Warner (2021).

"C" represents the capacity for offering CS education that schools have. In this framework,
it is materialized from indicators that signal to the human, material, and infrastructure di-
mensions. Typical questions of capacity are: "Which types of schools have teachers with the
requisite skills to teach CS courses? (ii) Do schools in low-income communities have sufficient
resources to start CS programs? (iii) Are there location-based disparities in terms of which
districts are able to recruit and train CS teachers?" (Warner et al., 2022, p. 4).

"A" represents the access to CS education that schools provide. While "C" represents
structure, "A" represents the next step of the process: access. Both "C" and "A" refer to the
basic education level. Indicators such as the number of members of disadvantaged communities
who have access (or not) to CS education. Typical questions of access are: "(i) Do CS admission
policies disadvantage students who lacked the opportunity to take CS in high school?" (Figure
11), "(ii) What is the relationship between the number of CS courses that schools offer and
the proportion of students who are economically disadvantaged?" (Warner et al., 2022, p. 10).

"P" represents the participation in CS education concerning the proportions of students
who enrolled in CS courses for different subgroups. Indicators such as the number of members
of disadvantaged communities who participate in (or no) CS courses. Typical questions of
participation are: "(i) Do Black students enroll at similar rates as Asian and White students?
(ii) Do women enroll in advanced courses?" (Figure 11).

Lastly, "E" represents the experience of CSE students. While "P" represents participation
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(similar to access), "E" represents CSE students’ experience (including data related to number
of graduates). Both "P" and "E" refer to the higher education level. Indicators about how "to
quantitatively assess and monitor issues of equity regarding students’ learning experiences in
CS" (Warner et al., 2022, p. 5). Typical questions of experience are: "(i) Are there disparities in
course passing rates? (ii) Who graduates with a CS degree?" (Figure 11).

Although CAPE can map important variables to an equity analysis, the concept of ’ca-
pacity’ is strongly related to resources, ignoring some essential aspects relative to the real
opportunities for a computing student. Furthermore, in developing countries, other challenges
emerge. Beyond the potential inequity sources that emerged from natural diversity in the class-
room (e.g., gender, race), structural barriers deepen the situation (e.g., socioeconomic status,
poverty). In African countries, for instance, CAPE framework is used to analyze equity issues
in CEd (Tshukudu et al., 2023). Although the authors highlight the strengths of its use, they
also point out some limitations:

“The CAPE framework helps map the progression from ’Capacity for’ to
’Experience of’ computer science education as a route to equity, but in
order to support development in low and middle income countries, it may
be helpful to have the capacity level finely grained” (Tshukudu et al., 2023,
p. 1).

Maybe the CA can help to fill some gaps during equity analysis using only the CAPE framework.

3.4 BRAZILIAN CONTEXT OF HIGHER EDUCATION

In 2022, Brazil offered more than 22 million vacancies in higher education. Only 3.81% of
these vacancies were in the public educational system, revealing that 74.74% of more than
22 million vacancies referred to online education in the private educational system. When we
restrict these vacancies to in-person higher education (more than 5 million), this percentage
increases to 13.48% in the public educational system, still indicating the scarcity of the public
good that is the access to public higher education at Brazil8.

High school graduates are natural candidates to dispute these higher education vacancies. In
2023, 83.56% of Brazilian fresh students in high school were in public educational institutions,
whereas 16.44% were in private ones9. It is probable that the most part of higher education
8 Data collected from the presentation for the press conference of Anísio Teixeira National Institute of

Educational Studies and Research (INEP) about the 2022 Brazilian Higher Education Census (Slide 20). See
more in the Brazilian Portuguese reports available in <https://www.gov.br/inep/pt-br/areas-de-atuacao/
pesquisas-estatisticas-e-indicadores/censo-da-educacao-superior/resultados>.

9 Data collected from the presentation for the press conference of INEP about the 2023 Brazilian School
Census (Slide 26). See more in the Brazilian Portuguese reports available in <https://www.gov.br/inep/
pt-br/areas-de-atuacao/pesquisas-estatisticas-e-indicadores/censo-escolar/resultados>.

https://www.gov.br/inep/pt-br/areas-de-atuacao/pesquisas-estatisticas-e-indicadores/censo-da-educacao-superior/resultados
https://www.gov.br/inep/pt-br/areas-de-atuacao/pesquisas-estatisticas-e-indicadores/censo-da-educacao-superior/resultados
https://www.gov.br/inep/pt-br/areas-de-atuacao/pesquisas-estatisticas-e-indicadores/censo-escolar/resultados
https://www.gov.br/inep/pt-br/areas-de-atuacao/pesquisas-estatisticas-e-indicadores/censo-escolar/resultados


candidates are from public educational system but, intriguingly, the offering of higher education
vacancies in this public system is scarce. Thus, it seems that Brazilian public higher education
is a not-abundant common good, being necessary to create ways of how the society could
better benefit from it.

Another critical perspective concerning income distribution in Brazil (Sasse, 2021). Only
1% of richest people holds on 23.3% of national income, while 40% of poorest one holds only
10.4%. This means that the 1% of the richest parcel of Brazilian population has the double
of income of 40% of poorest one. These values puts Brazil at the second place on the list of
180 countries with more income concentration in the world (only behind Qatar).

Bearing this scenario in mind, since 2013, the Brazilian Ministry of Education10 adopts
system of quotas in all federal educational institutions. One of the principles is avoiding what
Bourdieu (2013, p. 32) called "school as a conservative force", giving crucial steps for a more
equitable educational system that can promote the school as a factor of social mobility. In
Brazilian federal higher institutions, 50% of vacancies are reserved for high school graduate
candidates from public institutions. Inside each half of vacancies, other criteria apply in this
order: Household Per Capita Income (HPCI), race/ethnicity, and disableness. The 2023 Brazil-
ian Higher Superior Census, concerning federal students, reveals that 51% that came from
the system of quotas finished their undergraduate studies, while this rate is 41% from other
students11.

3.5 EQUITY AND ACTIVE METHODOLOGIES IN CED

Parents tackle some situations to guarantee an environment with fewer disputes among
their children. Imagine the scenario where we have a parent, two children, and a bar of choco-
late. This parent has the following question: How to teach your children to find the best way
to divide a bar of chocolate between them?

A possible way to solve this problem is this parent follows the approach: (i) dividing the
bar into two equal parts, and (ii) giving each part to each one. Although it seems fair, this
parent would make the whole process and not allow the children to learn in this situation. In
addition, (s)he would be the ruler and be obliged to handle possible objections of a wrong

10 See more detail in the Ministério da Educação (MEC) official site: <http://portal.mec.gov.br/cotas/
sobre-sistema.html>.

11 Available as news from INEP site: <https://www.gov.br/inep/pt-br/assuntos/noticias/
censo-da-educacao-superior/mec-busca-garantir-permanencia-de-estudantes-mais-vulneraveis>.

http://portal.mec.gov.br/cotas/sobre-sistema.html
http://portal.mec.gov.br/cotas/sobre-sistema.html
https://www.gov.br/inep/pt-br/assuntos/noticias/censo-da-educacao-superior/mec-busca-garantir-permanencia-de-estudantes-mais-vulneraveis
https://www.gov.br/inep/pt-br/assuntos/noticias/censo-da-educacao-superior/mec-busca-garantir-permanencia-de-estudantes-mais-vulneraveis
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division made in step (i). This parent can use an alternative way to solve this problem. There
is an approach called “cut-and-solve”. It consists of just two steps: (i) one child cuts the bar,
and (ii) another one chooses a piece. Thus there are a divider and a chooser. The divider will
not choose, and the chooser will not divide. This approach is a good idea because this parent
solves one drawback: (s)he would not be the divider (because that who divides can fail to
perform a precise division). But an important something remains: (s)he has been the ruler yet.

The first way seems more authoritarian, although it attends to fair principles. But the alter-
native way seems more respectful and guarantees other things beyond fairness. This guarantees
(i) the reflection of equitable variables trade-off, (ii) a discovery learning solution, and (iii) the
promotion of democratic values. The “cut-and-solve” approach is an old (and an excellent)
solution for some cases of simple fair division problems (Brams; Klamler, 2020). Academic papers
have formally addressed this issue since 1948 (e.g., Steinhaus (1948)).

In CEd, several works approach equity in active learning contexts from pair programming
use. Lewis and Shah (2015), for instance, identified patterns of marginalization and domination
between the pairs. Beyond dominance (Graßl; Fraser, 2024), more recent papers investigated
other equity issues like gender (Bodaker; Rosenberg-Kima, 2023), refugees (Arawjo; Mogos, 2021),
and sense of belonging (Izhikevich; Ong; Alvarado, 2022).

I explored other challenges in this subject through a fictitious story12:

"Professor Quincas Borba is very happy with the use of active approaches.
He realizes that there is more enthusiasm in his classroom in a general way.
Several students like to attend and participate in his classes. He also realizes
that many of his students can solve real problems involving data structures
in a way that the proportion of competent students to do this is higher than
before when he used the expositive format more strongly in his classes. The
students complained about the higher workload that they need to do now,
but, in a general way, they approved the changes made by him.

However, Prof. Quincas is disturbed by a specific scenario in his classroom.
There is a group of students that is not adapting well to this new approach.
Among these students, two are of special interest: Lindoia and Brás. Lindoia
is a joyful student and looks to demonstrate a certain interest in her studies.
However, she is a little introverted. She entered the Computing program
by affirmation policies as an indigenous person. Brás is a guy who clearly
demonstrates his desire to learn just by seeing his facial expression. He has an
easy smile and likes to be quite cordial. He does classroom activities always
together with his faithful partner, Capitu, his sign-language interpreter. He
is deaf.

Prof. Quincas finds himself in a quite hard and challenging situation. His
active methodologies require a certain dynamism in the activity conduction.
This rhythm is necessary for the moments of group discussion, alternating
with individual and gamification moments, which play the role of involving
the students in a favorable and stimulating learning environment. However,

12 This story was written originally in Brazilian Portuguese in this essay (Bispo Jr. et al., 2022, pp. 277,278).



Lindoia and Brás have many difficulties in actively participating in activities.
Due to both situations, the language flow is not performed satisfactorily
because Lindoia and Brás do not have Portuguese as their native language
but as a second one. So, in activities in which Lindoia and Brás participate,
they always leave behind flux suggested by Prof. Quincas. They make an
effort to follow activities. Lindoia makes a higher cognitive effort to live
together in an educational space where everybody does not speak Guarani13.
Brás keeps his fingers crossed for the effort and dedication of Capitu can,
as quickly as possible, understand the speech content of his colleagues (and
Prof. Quincas) and make the interpretation in Brazilian Sign Language for
him (and vice versa). As the dynamic cools down in scenarios like this, Prof.
Quincas also realizes that there is no natural disposition of other students
to want to participate in groups when Lindoia and Brás are present".

These challenges need to be more investigated in CSE contexts, mainly in Brazilian ones.
Murray (2024) reported an excellent qualitative study from Student-Led and Individually-
Created Courses (SLICC), but in an interdisciplinary way and not focused on CEd.

13 Indigenous language from the South part of South America spoken by people from Tupi-Guarani ethnicity.
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4 RELATED WORK

There are various reasons to structure a related work chapter (Booth; Sutton; Papaioannou,
2016, p. 14). For this thesis, I am interested in (i) locating my work within the existing
literature and (ii) justifying its originality. Doing this in a qualitative investigation requires me
to establish some considerations.

Although the expression “on the shoulders of giants” can represent a humble stance before
the complexity and greatness of produced knowledge through scientific endeavor, it is possible
to interpret it in a positivist way. The discussion proposed here does not intend to build one
brick more in a cartesian wall of science. I propose to establish one more link to the big
network of produced scientific knowledge. In this network, each node links a perception of
reality historically, through dialogues with the contribution of colleagues situated in space and
time.

In this perspective, it is necessary to move away from a kind of technicism that tries
to specify and discretize every step of a given methodology. A hidden pitfall is to use this
agenda to describe reality, just as it is, in a positivist way. What we need is a rigorous and, if
possible, systematic description to explicit the main aspects of our methodological approach.
A systematic approach in a qualitative research is not strictly a matter of reproducibility, like
we try to replicate an experiment. However, it is a concern of rigor that legitimizes the quality
of our research and allows other researchers to structure a possible transferability (see more
in Chapter 6).

One of these pitfalls is the own systematization process. There is a particular fear among
qualitative researchers that the emergence of findings during and after the data collection, for
instance, can be harmed due to the process inflexibility. About it, Meinefeld points out:

“[...] this does not mean that the result has been predetermined, as critics
sometimes claim: it is only the framework of the dimensions involved in the
investigation that has been fixed, but not their concrete manifestations of
content.” (Meinefeld, 2004, p. 157).

Understanding and admitting that not every systematic approach contributes negatively
to rigorous and well-conducted qualitative research is necessary. A systematic approach can
provide a solid foundation to help other researchers adequately posit their investigation into
the major network of produced knowledge. In this thesis, I use a systematic mapping instead of
a systematic review. Petersen, Vakkalanka and Kuzniarz (2015, p. 1) establish the distinction
between them:

“While systematic reviews aim at synthesizing evidence, also considering the



strength of evidence, systematic maps are primarily concerned with struc-
turing a research area”.

Systematic reviews tend to be more committed to the movement of evidence-based science,
quantifying and discretizing this process overly. Systematic maps pervade several research
perspectives and allow to structure a related work to qualitative research without leaving
essential aspects in this approach.

In summary, I can retake the aims of this systematic mapping and assert that (i) locating my
work within the existing literature is important not only for situating this research but also to
help other researchers to situate their further works, and (ii) justifying its originality in a
qualitative approach is, above all, evidencing the need to uncover the implicit meaning in a
concrete context.

The remainder of the chapter is organized as follows. Section 4.1 presents the scoping
study aligned with the snowballing strategy. Important elements of a systematic map such
as research questions (Section 4.2), snowballing start set (Section 4.3.1), and inclusion and
exclusion criteria (Section 4.3.2) are detailed. Section 4.3.3 describes the first two snowballing
iterations, showing both backward and forward steps. At last, after charting data (Section 4.4),
Section 4.5 exposes the data analysis of these iterations, situating this thesis into a general
frame of the research area.

4.1 SCOPING STUDY WITH SNOWBALLING STRATEGY

A systematic mapping used to be a good starting point for further research (Kitchenham;

Budgen; Pearl Brereton, 2011), including for Ph.D. studies (Kitchenham; Brereton; Budgen, 2010).
In this mapping, I follow the general framework of a scoping study (Arksey; O’Malley, 2005),
considering the guidelines for snowballing in systematic literatures proposed by Wohlin (2014).
I will describe them better as follows.

The scoping study is a systematic mapping that aims “to map rapidly the key concepts
underpinning a research area and the main sources and type of evidence available, [...] especially
where an area is complex or has not been reviewed comprehensively before” (Arksey; O’Malley,
2005, p. 21). The methodological framework of a scoping study can be divided into five stages:
(i) identifying the research question, (ii) identifying relevant studies, (iii) study selection, (iv)
charting data, and (v) collating, summarizing and reporting the results (Arksey; O’Malley, 2005,
p. 22).
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For identifying relevant studies (second stage), I use the snowballing strategy as the main
road to locate additional papers to include for further selection and analysis. This inclusion
can be via the reference list or the citations of a paper. The process of identifying new
papers from the references’ and the citations’ list are commonly called backward and forward
snowballing (Wohlin, 2014, p. 1). Figure 12 presents this procedure schematically. It is important
to highlight that several computing education researchers use snowballing strategy in their
systematic literature studies as Qian and Lehman (2017), Gomes and Matos (2020) and
Indriasari, Luxton-Reilly and Denny (2020).

Figure 12 – Snowballing procedure schema.

Source: Wohlin (2014).

4.2 IDENTIFYING THE RESEARCH QUESTIONS

My Main Research Question (MRQ) is “how do Computer Science Education (CSE) stu-
dents conduct their Self-Directed Learning (SDL) in developing countries from the lens of the
Capabilities Approach (CA)?” (stated before in Chapter 1). However, aiming to situate my
thesis into a broad network of the research area, I use a Secondary Research Question (SRQ):
“which and how are the works in Computing Education (CEd) involving equity issues and ac-



tive learning?”. In order to address the research question we consider four Derived Secondary
Research Questions (DSRQs):

• What are research methodologies (or kind of review, being a secondary work) used?
(DSRQ.1);

• What are the contexts (country, education level) involved? (DSRQ.2);

• What are the equity issues investigated? (DSRQ.3); and

• What are active approaches adopted? (DSRQ.4).

When I refer to active learning, I use the general definition of Bonwell and Eison (1991),
which assert that it is “anything that involves students in doing things and thinking about the
things they are doing” (Bonwell; Eison, 1991, p. 19). The authors mention that there is no precise
definition of active learning (as also Prince (2004, p. 223)), but some general characteristics
can be listed as:

• “Students are involved in more than listening;

• Less emphasis is placed on transmitting information and more on developing students’
skills;

• Students are involved in higher-order thinking (analysis, synthesis, evaluation);

• Students are engaged in activities (e.g., reading, discussing, writing);

• Greater emphasis is placed on students’ exploration of their own attitudes and values”
(Bonwell; Eison, 1991, p. 19).

4.3 STUDY SELECTION

4.3.1 Start Set

My start set is composed of a single paper entitled “How equity and inequity can emerge
in pair programming” (Lewis; Shah, 2015). This paper was cited in an important review in
the Cambridge Handbook of Computing Education Research (Lewis; Shah; Falkner, 2019) and
pointed out the gaps and challenges in equity and diversity. This review points to the challenge
of considering equity issues and active learning in CSE.
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4.3.2 Inclusion and Exclusion Criteria

I used a single Inclusion Criterion (IC) that was “The work attends to SRQ”. In this
systematic mapping, all the exclusion criteria served as common reasons to justify the paper
exclusion. The Exclusion Criteria (EC) are listed as follows.

• The work does not approach Computing Education (EC1);

• The work does not approach equity (EC2);

• The work does not approach active methodology (EC3);

• The work approaches CEd, equity, and/or active methodology but does not interlink
(EC4); and

• The work does not fit in the range from 2020 to 2024 (EC5).

My strategy used each Reading Criterion (RC) as follows: (i) title and abstract (RC1);
(ii) work scanning (RC2); and full reading (RC3). When RC1 failed to exclude the paper,
it followed RC2. If both criteria were passed, this paper became a real candidate, and we
performed RC3.

4.3.3 First Iterations

I conducted two iterations of the snowballing strategy with the specifications described
before. I will detail this in the next sections.

4.3.3.1 Iteration 0

This iteration did not backward any paper because the single work in this current start set
(Lewis; Shah, 2015) is dated 2015, being all references before 2020 (falling into EC5). However,
the forward process returned eleven papers after applying EC filtering. The search engine used
for the generation of the citation list was the Scopus Base, retrieving the last results on July
19, 2024. Figure 13 presents the diagram of the whole iteration.

Thus, at the end of this iteration, the paper set increased from one to eleven papers (see
Table 4), bearing in mind that the work (Lewis; Shah, 2015) was chosen strategically, aiming
to capture newer works after 2020 (inclusive).



Figure 13 – Diagram of Iteration 0 after snowballing strategy.
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Table 4 – List of the papers of the new start set identified during the Iteration 0 after snowballing strategy.

Seed Start Set
Lewis and Shah (2015)

New Start Set
Arawjo and Mogos (2021) Ayub et al. (2020)
Bodaker and Rosenberg-Kima (2023) Graßl and Fraser (2024)
Gransbury (2022) Izhikevich, Ong and Alvarado (2022)
Love, Gresalfi and Knowe (2021) Lui et al. (2020)
Lytle et al. (2020) Musaeus et al. (2022)
Ying et al. (2021)

Source: Created by the author (2024).

4.3.3.2 Iteration 1

The backward process of Iteration 1 returned 11 papers after applying EC filtering. In the
next step, the forward process returned 9 papers after applying EC filtering. The search engine
used for the generation of the citation list was also the Scopus Base, retrieving the last results
on July 22, 2024. Figure 14 presents the diagram of the whole iteration.

Thus, at the end of this iteration, the paper set increased from 11 to 31 papers (see Table
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5). I released all detailed information about the study selection in an online public repository1,
structuring through a spreadsheet with all decisions made in this stage.

Figure 14 – Diagram of Iteration 1 after snowballing strategy.
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4.4 CHARTING DATA

I created a list of essential items of information that should be obtained from selected
papers from the first iterations. This list helped me to arrange the works and situate how the
area is being explored and which potential gaps and challenges should be addressed. Each item
has a related DSRQ, contributing to answer SRQ. Table 27 details this list.

The filled data chart from 31 papers is available in Appendix D. I used this charting not
only to answer SRQ but to situate MRQ in the broader area, as will be seen in the next
section.

1 The snowballing information of this mapping is available on this Ph.D. public repository: <https://github.
com/bispojr/phd-info>.

https://github.com/bispojr/phd-info
https://github.com/bispojr/phd-info


Table 5 – List of the papers of the new start set identified during the Iteration 1 after snowballing strategy.

Old Start Set
Arawjo and Mogos (2021) Ayub et al. (2020)
Bodaker and Rosenberg-Kima (2023) Graßl and Fraser (2024)
Gransbury (2022) Izhikevich, Ong and Alvarado (2022)
Love, Gresalfi and Knowe (2021) Lui et al. (2020)
Lytle et al. (2020) Musaeus et al. (2022)
Ying et al. (2021)

New Start Set
Akalin et al. (2021) Alvarado et al. (2022)
Bowman et al. (2020) Broll et al. (2021)
Demir and Seferoglu (2021) Eglash et al. (2020)
Goode et al. (2021) Küng, Schmid and Brovelli (2022)
Lai, Ye and Wong (2023) Lott, McAuliffe and Kuttal (2021)
Michaelis and Weintrop (2022) Nakai and Guo (2023)
Hernández, Moya and Rico (2021) Shahin et al. (2022)
Su, Wang and Liu (2024) Tan, Wu and Ma (2024)
Toro et al. (2024) Tseng et al. (2024)
Wei et al. (2021) Ying, Katuka and Boyer (2021)

Source: Created by the author (2024).

Table 6 – List of items of information obtained from the selected papers during the first iteration. Each item
has a related derived secondary research question.

Item of Information Related DSRQ
Research Type DSRQ.1

Kind DSRQ.1
Methodology DSRQ.1

Context Educational Level DSRQ.2
Country / Region DSRQ.2

Equity Equity Issue DSRQ.3
General Equity Theory / Framework DSRQ.3

- Active Learning Approach DSRQ.4
Source: Created by the author (2024).

4.5 SUMMARIZING AND SITUATING RESULTS

In this section, I present the summary of the results, positioning my research before the
broader area (Section 4.5.1) and some of the mapping threats (Section 4.5.2).
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4.5.1 Summary and position

4.5.1.1 Research (DSRQ.1)

About DSRQ.1, most of the papers are primary works (29). There is only (i) one sec-
ondary paper (Lai; Ye; Wong, 2023) that reviews the broader area from the SRQ perspective
and (ii) one essay (Michaelis; Weintrop, 2022) that is usually in frontiers between primary and
secondary categories. There is a reasonable balance between quantitative (10), qualitative (8),
and mixed-methods (10) approaches. It was not possible to identify the research methodology
in two papers (Michaelis; Weintrop, 2022; Akalin et al., 2021) and the secondary work used the
Kitchenham and Charters (2007) guidelines.

I chose a primary and qualitative approach for this research. This option reflects the research
that looks for a better understanding of real scenarios when inequalities of opportunity can
arise. I conducted a basic qualitative research using quantitative data to support triangulations
and sampling choices.

4.5.1.2 Context (DSRQ.2)

In relation to DSRQ.2, the papers are balanced into higher (14, including graduate studies)
and basic education (13, including high school and professional formation). The possible reason
for this equilibrium is the inclusion of computing in basic education in many countries. The work
of Arawjo and Mogos (2021) is an example of an exception, focusing on informal education
(3) too. Most papers investigate the research context in USA (16), followed by Asia (6), and
Europe (5). Africa (Arawjo; Mogos, 2021), Latin America (Hernández; Moya; Rico, 2021), and
Oceania (Shahin et al., 2022) have only one work each.

I investigated CSE context in this thesis. However, the Brazilian scenario brings a difference
when focusing on developing countries. Only seven papers (of 31) have their contexts situated
in the Global South2. Only one of them investigates Latin American contexts (Hernández; Moya;

Rico, 2021), for instance. There is a need for more research in developing countries into this
cut.

2 I used the demarcation criteria adopted by British International Studies Association (BISA). See more in
<https://www.bisa.ac.uk/become-a-member/global-south-countries>.

https://www.bisa.ac.uk/become-a-member/global-south-countries


4.5.1.3 Equity (DSRQ.3)

About DSRQ.3, the papers approach a wide range of equity issues prevailing gender (13),
performance (10, including self-efficacy and expertise), and race (7, including culture and
nationality) issues. Few works investigated sense of belonging (2), participation (2), and access
(1) issues. In relation to a general equity theory (or framework), no work uses a consolidated
theory/framework, usually building its theoretical background from various constructs spread
over several references. In this perspective, four works drew my attention concerning their
theoretical background, highlighting intercultural computing (Arawjo; Mogos, 2021) that resulted
from a specification of a previous theory (intercultural learning). Other three works refer to
epistemic injustice (Love; Gresalfi; Knowe, 2021), gender gap (Bodaker; Rosenberg-Kima, 2023), and
interest development theory (Michaelis; Weintrop, 2022).

This research used the SES to help to choose participants during data collection. However,
the thesis’s uniqueness resided in using a general equity theory / framework, allowing me to
investigate a Brazilian context under well-informed and general equity constructs. A crucial
characteristic of my research is using CA as an equity framework. The richness of this choice
increases when we consider the singular reality faced by developing countries, deepening the
discussion of the deprivation of freedoms and not only about the presence/lack of resources.

4.5.1.4 Active Approach (DSRQ.4)

At last, in relation to DSRQ.4, most of the papers investigated collaborative learning (25),
being pair programming the major part. Few works adopted other approaches like PBL (2),
peer-mentoring (2), mixed-approaches (2), and project-based learning (1).

I looked into the SDL as an active approach. The potentiality of my research was focusing
on a more general approach (SDL) than a specific one (e.g., andragogy, PBL). Although I
investigated a Brazilian context with a PBL scenario, the understanding of SDL is crucial
because it dialogues and is part of several other active approaches (see Section 2.3).

4.5.2 Mapping Threats

I list three main threats of this scoping study. First, I conducted only the first two iterations
of snowballing until now. It is usually necessary to finish this kind of review in three to five
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iterations. Although the first two iterations represent a good sample of related work, the new
start set is composed of 20 papers and can cover more potential and relevant works.

Second, I used Scopus base as my source of citations during the forward snowballing. The
snowball effect is sensitive to the search database, and it is possible that the engine did not
find any work.

Lastly, my seed start set is composed of one paper only (Lewis; Shah, 2015). It is a well-
known fact that the start set diversity can bias the search graph of citations and references,
leading to undesirable "local minima and maxima". This start set may even "burst the bubble"
of a certain kind of papers, but there is no guarantee that any relevant paper is unachievable.





81

5 REFLEXIVITY ESSAY

An essential step for an investigator in a research project is establishing their position before
the existing philosophical perspectives. In a qualitative investigation, the researcher should be
aware of their influence on the study object and how (s)he is affected by the research process.
Probst and Berenson (2014) catalog a wide range of possible ways the researcher can conduct
specific reflexive activities in their research.

Our stance has several differences depending on whether we conduct qualitative or quanti-
tative research. In a quantitative approach, it is more common for the researcher to put away
the object to be studied. In this perspective, the tendency is to adopt a neutral position to
guarantee as much as possible the absence of biases related to the researcher as a person.
The more “experimentalizable” the research is, the more neutral position the researcher should
pursue.

However, when we admit a more interpretive philosophical perspective, for instance, the
research nature tells us not to ignore and, therefore, count on our influence before, during, and
after our research practice. Thus, one of the ways to reduce bias in a qualitative approach is
not to avoid the personal influences in their research but to reveal them explicitly. The hope is
to provide a reflexivity essay as an essential and additional data source for readers to consider
when appreciating the research report.

In this way, this essay aims to structure a critical self-reflection about my assumptions
and worldview as a computing education researcher concerning this thesis. The remainder of
this chapter is organized as follows. Section 5.1 presents the reflexivity in qualitative research
in a general sense. Section 5.2 reports my reflexivity from Longhofer and Floersch (2012,
pp. 513-514)’s modalities. At last, Section 5.3 summarizes the conclusions and final remarks.

5.1 REFLEXIVITY IN QUALITATIVE RESEARCH

Reflexivity arises from some requisites for good qualitative research. Merriam and Tisdell
(2016, p. 14) assert that:

“Getting started on a research project begins with examining your own
orientation to basic tenets about the nature of reality, the purpose of doing
research, and the type of knowledge to be produced through your efforts.
Which orientation is the best fit with your views? Which is the best fit for
answering the question you have in mind?”.



All these recommendations are important for any research. But they are crucial in a qualitative
approach because the researcher is the primary instrument of data collection and analysis (see
Chapter 6). Merriam and Tisdell (2016, p. 16) still assert in this direction that:

“However, the human instrument has shortcomings and biases that can have
an impact on the study. Further, there is a particular theoretical framework
or lens that informs a research study that the researcher makes visible.
Rather than trying to eliminate these biases or ‘subjectivities’, it is important
to identify them and monitor them in relation to the theoretical framework
and in light of the researcher’s own interests, to make clear how they may
be shaping the collection and interpretation of data”.

Thus it matters to clearly express the assumptions and worldview of the researcher, aiming to
increase rigor in qualitative research.

However, it is essential to situate what would be a reflexivity activity. Because, at the
same time that there is strength when we provide a clear and honest research report, it is also
possible we overly deviate from the main focus of investigating the phenomenon correctly. To
avoid some pitfalls, we should establish a more delimited structure of the reflexivity practice.

5.1.1 What should it be?

There are no single accepted definitions of reflexivity, but there are promising directions. I
adopted in this work the definition of Probst and Berenson (2014, p. 814) which asserts that:

“Reflexivity is generally understood as awareness of the influence the re-
searcher has on what is being studied and, simultaneously, of how the re-
search process affects the researcher. It is both a state of mind and a set of
actions, both concept and practice”.

Understanding the intersubjective dynamics contributes to improving the trustworthiness of
research, mainly in the qualitative approach. A significant aspect of this task is related to
increasing the research rigor.

Although reflexivity goes through a self-reflection activity, it is necessary to differentiate
from it, expanding our understanding. Probst and Berenson (2014, p. 816) use the double-arrow
metaphor, indicating the two movements existing in this process, both inward and outward
viewpoints:

“Although similar, reflexivity can be differentiated from self-reflection. Self-
reflection, or the conscious observation of one’s inner world, is a valued
aspect of many disciplines such as psychoanalysis and various forms of spir-
itual practice. However, it represents the arrow pointed solely, or primarily,
at the self, while reflexivity is the reciprocal interplay between the ‘archer’s’
inward and outward viewpoints”.
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The record of reflexivity activities can be done using multiple means. It is possible to
write diary logs, record regular audio notes, take pictures, or even make a video of critical
phases of your research. But beyond the simple recording, understanding the difference between
reflection-on-action and reflection-in-action (during the research process) is essential. It is vital
to conduct the reflexivity process as “an ongoing reflection-in-action throughout the entire
research endeavor rather than retrospective reflection-on-action at its conclusion” (Probst;

Berenson, 2014, p. 815). However, this is very hard due to the absence of a scientific culture,
which makes it a part of the research project and not a mere activity report.

5.1.2 What should it not be?

When we conduct a reflexivity process, one of the risks is to concentrate the focus on
ourselves overly. This process aims to reveal new crucial information for readers (who will
access your report) and yourself (who will conduct your research). It becomes meaningless if
reflexivity tends to be a narcissistic look only.

Probst and Berenson (2014, p. 813) assert that “the mechanism of reflexivity may not
lie in the specific activity but in the attitude with which it is carried out”. It is necessary to
conduct reflexivity tasks not only to seek more rigor. The unbridled drive for rigor can lead
to the road of objectification (or a straightforward operationalization). Probst and Berenson
(2014, p. 826) still assert that:

“Mixing epistemologies by trying to objectify a process that is fundamentally
subjective will not, in the end, enhance rigor. The aim, after all, is not
the formulaic or confident use of ‘reflective tools’, but engagement in the
complex and slippery process of struggling to understand the meaning of
human experience”.

Another risk is to transform the reflexivity struggle into an intimidatory activity. (Hsiung,
2008, p. 212) highlights the risks when we conduct it among other researchers:

“Because doing reflexivity [...] poses a number of challenges. Students often
feel personally threatened by, and are resistant to, the prospect of critically
examining their own positions and experiences [...]. Unless students are
actively encouraged to be reflexive, they are unlikely to welcome the vulner-
ability of admitting to errors or imperfections that reflexivity requires”.

It is necessary to look for a balance between the exposition of our inwardness and the preser-
vation of our emotional feelings that can be triggered during reflexivity tasks.



5.2 REFLEXIVITY REPORT

I adopted the modalities of Longhofer and Floersch (2012, pp. 513-514) to do this re-
flexivity process. These modalities are (i) personal, (ii) ontological, (iii) epistemological, (iv)
methodological, (v) theoretical, (vi) normative, and (vii) representational. I describe the first
three ones in more detail in the next sections.

This reflexivity report is situated historically. It reflects a self-understanding of the whole
period of my Ph.D. studies under advisory by two expert researchers. I am researching com-
puting education at the Federal University of Pernambuco. My research object is to investigate
how Computer Science Education (CSE) students conduct their Self-Directed Learning (SDL)
in developing countries from the lens of Capabilities Approach (CA) (Sen, 1992; Robeyns; Byskov,
2023).

5.2.1 Personal modality

5.2.1.1 Beliefs

I am a Christian from an evangelical tradition. Therefore, my worldview is strongly affected
by my religious beliefs. As I believe God exists, I am a spiritualist (instead of a materialist).
As I believe in a Creator God, I believe in the existence of a single reality (instead of multiple
ones).

I believe the human condition limits the capacities of human beings to know this single
reality as it is. Although a single reality exists, human beings cannot perceive it in an appropriate
way. Hence, a single reality exists but there are multiple interpretations about it (and not
multiple realities).

Humankind is not ‘good’ (like Rousseau asserts). Human beings have a limited nature.
They are limited, fallible, and finite. But there is something of God in all human beings. All
human beings carry in themselves “the God-likeness”. In this way, it is possible to capture some
aspects of reality, although it is so difficult to share these appropriations with other human
beings.

Because of the existence of multiple interpretations, everyone is naturally led to dialog with
other people that have different worldviews. It forced me to situate my beliefs into a broader
perspective. An essential question for me is: “How do I conciliate my beliefs with my social
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condition, my political commitment, my life history, and so on”?

5.2.1.2 Political commitment

I used to be closer to progressive perspectives on the political spectrum. I consider myself
a social democrat and, for this reason, a reformist (not a revolutionary, in a Marxist view
(Schaff, 1973). I believe that computing educators should adopt a non-conformist stance before
society. Although I understand the predisposition of public structures to serve as ideological
and reproducer apparatuses of society’s status quo (Bourdieu, 1989), I am hopeful in the
strength of all stakeholders in the educational environment for reforming the school structure
and becoming it more human and less oppressive. My stance reflects Freire’s position when
he asserts:

“What is posed to the democratic educator, conscious of the impossibility
of education neutrality, is to forge themselves a special knowledge, that
never should abandon, knowing that motivates and sustains their struggle:
if education cannot do all, it can do something fundamental. If education
is not the key to social transformations, it is also not a reproducer of the
dominant ideology. What I want to say is that education is not an unbeatable
power to serve the society’s transformation, although I would, neither is
the perpetuation of the ‘status quo’ because the dominant decrees it. The
democratic critic cannot think that, from the course that coordinates or
seminary that leaders, can transform the country. But they can demonstrate
that it is possible to change. And this reinforces in them the importance of
their political-pedagogical task” (Freire, 1996)1.

This position allows me to dialogue with the macro tendencies of liberalism: the competitive
and statist capitalism (Libâneo; Oliveira; Toschi, 2011, pp. 84-95). Competitive capitalism is
closely related to conservative liberalism, promoting the free market, efficiency, and quality as
values. This macro tendency leads to seeking to reduce the power of the state. On the other
hand, state capitalism criticizes conservative liberalism, promoting equality of opportunities as
the main idea. This macro tendency leads to seeking to increase the power of the state.

As a social democrat, I naturally sympathize more with state capitalists than competitive
ones. But it is possible to dialogue with both because there are good starting points in the
1 This is my translation of the original excerpt in Portuguese that as follows: “O que se coloca à educadora

ou o educador democrático, consciente da impossibilidade da neutralidade da educação, é forjar em si um
saber especial, que jamais deve abandonar, saber que motiva e sustenta sua luta: se a educação não pode
tudo, alguma coisa fundamental a educação pode. Se a educação não é a chave das transformações sociais,
não é também simplesmente reprodutora da ideologia dominante. O que quero dizer é que a educação nem
é uma força imbatível a serviço da transformação da sociedade, porque assim eu queira, nem tampouco
é a perpetuação do ‘status quo’ porque o dominante o decrete. O educador e a educadora críticos não
podem pensar que, a partir do curso que coordenam ou do seminário que lideram, podem transformar o
país. Mas podem demonstrar que é possível mudar. E isto reforça nele ou nela a importância de sua tarefa
político-pedagógica”.



statist liberalism literature that allows me to close my ideas with the liberal thought as a
whole.

5.2.1.3 Social identity and Research Motivation

I am self-declared as brown. I was born in a low-income family in the Brazilian northeast.
But, before other low-income families, mine had a bit more capabilities, and it was possible to
guarantee my siblings and me a great formal education. My father (in memoriam) was black
and did not finish his undergraduate studies. My mother (in memoriam) completed her high
school studies only when she was in the adult phase. I am a first-generation undergraduate
(Ives; Castillo-Montoya, 2020).

To understand how my social identities have shaped my research, I will tell a little about
my research motivation originating from affirmative policies. I did not know for sure what
an affirmative policy was. But one day, I needed it. I was always an effort student and was
taught from childhood to "fight for my dreams" without waiting for help, contribution, or any
"alms" from people, institutions, or government. But my belief was confronted when it came
up against a hard reality. If I did not accept myself as the target of an affirmative policy, I
would not begin my undergraduate studies.

This story begins in this way. At the end of my high school studies, I had the opportunity
to receive a partial scholarship to attend a preparatory course for military tenders (considered
one of the most difficult to apply in Brazil). The “Pré-ITA” was a differentiated course. The
idea of wanting to be approved in these tenders is considered too bold still today, having a high
competitiveness. I had this course during the whole year of 2004. I had the opportunity to do
seven tenders: ITA, IME, EsPCEx, ESA, AFA2, Federal University of Pernambuco (UFPE), and
University of Pernambuco (UPE). To my sadness (and surprise), I did not get to be classified
in any of these tenders. The closest tender I got was in the UFPE tender in Computer Science,
where I reached the position of 109º for 100 vacancies. As Computer Science is a well-disputed
course, only six of them gave up on entering, and, unfortunately, I did not get to do my
undergraduate studies at UFPE.

It was not simple to process this result. I felt incompetent. I reached the point of speaking
to myself that I acted wrong in wanting to apply for such well-disputed tenders. However,
something unexpected happened to me. I had done the National Exam of Brazilian High
2 These five firsts are well-known Brazilian military tenders.
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School (ENEM). I got an outstanding grade (including 100 on the essay part). In the same
year of 2004, the University for All Program (ProUni) was created. The ProUni granted me
a full scholarship for my undergraduate studies at the Catholic University of Pernambuco
(UNICAP). This program used criteria like the fact that (i) I have studied the whole high
school in a public institution, and (ii) I have a low socioeconomic status (income of 1.5
minimum wage per capita).

Although my life story does not end in this cycle, it has had a very “happy end” for me. I did
my undergraduate studies at UNICAP, where I was a laureate in my class. My feelings at the
end of my undergraduate were so different from my initial ones. I went from a self-depreciation
condition to fresh self-esteem.

5.2.2 Ontological modality

As I asserted in Section 5.2.1.1, I believe in the existence of a single reality, but there
exist multiple interpretations of it. In this way, it is possible to believe in it and to conciliate
with some constructivist assumptions, for instance. An ontological reality, in its strict sense, is
“either rejected or at best considered irrelevant” in a constructivist approach (Ben-Ari, 2001,
p. 50). It is not necessary to reject the existence of a single reality to assume the existence of
multiple interpretations in this approach.

Multiple interpretations do not necessarily lead to multiple realities. But it is impossible to
assume a constructivist position without asserting that the people construct the understanding
of reality. This is the convergence between my worldview and the constructivist approach.

5.2.3 Epistemological modality

Reality is like a sandbox. Although it is single, it is not static. When people walk into
the sandbox, this reality changes. But it remains to be single. Reality is dynamic. Reality is
affected by human beings, natural forces, and spiritual beings. But it is single, unique, and
shared with all existing things.

But this sandbox is huge and complex. It is like presented in Flatland romance (Abbott,
1884). Those creatures access only two-dimensional aspects of reality, while one has three,
four, or more dimensions. Like them, we are limited by our human condition. Reality is single
but not fully accessed by us.



The Flatland metaphor explains a limited understanding of reality but not explains the
multiple interpretations from different people of the same phenomenon. As human beings are
not omniscient, they do not have all the information about reality. And due to not having all
the information, two people likely do not share the same set of information about the same
phenomenon. Two people have different life histories, different family origins, different social
conditions, different experiences, and so on. When we put the “Flatland condition” together
with the non-omniscience, the existence of multiple interpretations of the same phenomenon is
perfectly understandable. It is possible to complicate this situation more if put in perspective
that our cognitive structure limits all information we consider to memorize and deal with it
appropriately.

Despite this, it is possible to know something. It is possible to share our interpretations of
a little of what we can know. And these shared interpretations enable us to understand this
fragment of reality better.

5.3 FINAL REMARKS

The aim of this chapter is to offer a positionality stance for me. Bearing in mind that the
researcher is a primary instrument in a qualitative investigation, it is essential to understand
this chapter as a part of my data collection in this research. In future research projects, I want
to conduct reflexivity activities in a more collaborative way from research group meetings
according to recommendations of Paulus, Woodside and Ziegler (2010).
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6 RESEARCH METHODOLOGY

As important as knowing how to use methods and techniques during a research project,
it is crucial to understand what and why to adopt them. Research methodology addresses
questions like this justifying the proposed research design. Kothari (2004, p. 8) asserts that

“Researchers not only need to know [...] how to apply particular research
techniques, but they also need to know which of these methods or tech-
niques, are relevant and which are not, and what would they mean and
indicate and why”.

In this chapter, I present the discussion about the research methodology and, in Chapter 7,
the research design proposed for this thesis.

The remainder of the chapter is organized as follows. Section 6.1 presents what I consider
to be qualitative research, the reasons to adopt it, and situates the philosophical framework
that underlies the assumptions of this research. Section 6.2 discusses the data collection both
from the perspective of why I chose a specific technique and how the strategy to get research
samples. Finally, Section 6.3 justifies the methods used to conduct the data analysis.

6.1 QUALITATIVE RESEARCH

I begin this section by telling a true story. My wife was pregnant with my daughter in
2016. Larissa was born on July 23, 2017. She weighed 2.530 kilograms. Her height was 47
centimeters. Although both my wife and I were from Recife, she was born in Jataí, a town of
the southwest of Goiás state. According to the gynecologist, our daughter was born in perfect
health conditions. The childbirth lasted about two days due to our choice of normal birth. All
the information is true and tells us important aspects about the birth of my daughter. But it
does not inform us appropriately of the meaning of the birth of my daughter for me.

I used not to desire to be a father. But I used not to reject the idea of being one. When
I knew about our pregnancy, I could not process the information instantaneously. I elaborated
on this information gradually. I think I was becoming a father as my daughter was growing up
in my wife’s womb. I realized that I would be a father when I could hear her heartbeat during
an ultrasound examination. Hearing those sounds made me realize that I was responsible for
generating a new life for this world. And when I got Larissa in my arms soon after her birth, I
had a strong feeling of responsibility for caring for such a fragile being.

This information describes a little of the meaning of Larissa’s birth for me. This is the



essential characteristic (and difference) of qualitative research: informing us deeply about the
meaning of the phenomenon for a people group. It is possible to investigate Larissa’s birth
from the perspective of lethality risk from the measures of her basic indicators, for instance.
And surely, the results of this kind of research are fundamental. However, if we need to better
understand the meaning of her birth for her parents, for instance, it will be necessary to conduct
qualitative research to delineate it in-depth.

It is not so simple to define what qualitative research is. But it is possible to understand
it from its characteristics. Merriam and Tisdell (2016, p. 15) state that:

“The following four characteristics are identified by most as key to under-
standing the nature of qualitative research: the focus is on process, under-
standing, and meaning; the researcher is the primary instrument of data
collection and analysis; the process is inductive; and the product is richly
descriptive”.

I describe the first two of these characteristics better as follows (Sections 6.1.1 and 6.1.2),
besides explaining transferability in qualitative research (Section 6.1.3), and situating the philo-
sophical framework that this research rests (Section 6.1.4).

6.1.1 Focus on Process, Understanding, and Meaning

This characteristic points to concern about the qualitative researcher’s commitment not
only to the final data related to a phenomenon. Focusing on the phenomenon process allows us
to deepen the observation, detecting more details when describing it. The focus on the people’s
understanding will enable us to capture the shared understanding or culture of a community.
And, lastly, the focus on the meaning allows us to identify the research participants’ sense
concerning the phenomenon.

Although Denzin and Lincoln (2013, p. 7) assert that “[...] qualitative researchers study
things in their natural settings, attempting to make sense of, or interpret, phenomena in terms
of the meanings people bring to them”, depending on the research phase, the researcher’s
stance can adjust their looking. There are two possible perspectives for a qualitative researcher:
the emic and etic. The emic (or insider) perspective is clearly described by Patton (1985, p.
3, apud Merriam; Tisdell, 2016, pp. 14-15) in the following way:

“[Qualitative research] is an effort to understand situations in their unique-
ness as part of a particular context and the interactions there. This under-
standing is an end in itself, so that it is not attempting to predict what
may happen in the future necessarily, but to understand the nature of that
setting—what it means for participants to be in that setting, what their
lives are like, what’s going on for them, what their meanings are, what the
world looks like in that particular setting—and in the analysis to be able
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to communicate that faithfully to others who are interested in that setting.
[...] The analysis strives for depth of understanding”.

And the etic (or outside) perspective involves “standing far enough away from or outside of a
particular culture to see its separate events, primarily in relation to their similarities and their
differences, as compared to events in other cultures” (Pike, 1954, p. 10, apud Patton, 2015,
p. 509).

In this research, I adopted both perspectives depending on the research phase. Until the
data collection phase, it prevailed from the emic perspective, including when I reported it in
the results section of my thesis. After the data collection phase, it prevailed from the etic
perspective, mainly when I made the discussion of the results. The underlying idea was to seek
reality as it is, although I believe it is impossible to apprehend it as a whole.

6.1.2 Researcher as Primary Instrument

The researcher is a primary instrument in qualitative research because we are pursuing
meaning and understanding. Meaning and understanding are something of human nature in-
trinsically. Nothing is better than a human to share and capture semantics, considering that
artifacts (including computational ones) are excellent syntactic machines only (Setzer; Silva,
2005).

Bearing that the researcher is a primary instrument to collect data, it is necessary to de-
scribe them as well as possible. When we adopt an experimental approach, biases are expected
to be tackled by recommending that the researcher distance the research object, aiming not to
“contaminate” the research results. However, suppose we admit that the better way to capture
meaning and understanding is by employing a human being as an instrument. In that case,
knowing more about this instrument will allow us to read the research results they obtained
more appropriately. This is one of the reasons for doing positionality and reflexivity essays
during qualitative research (see Chapter 5).

6.1.3 Transferability

It is crucial to make a distinction between the concepts of reproducibility and transfer-
ability. Due to the consensus about some concepts from experimental approaches, qualitative
researchers usually adopt the expression "transferability" (Finfgeld-Connett, 2010). The aim is



to situate what conditions are necessary to assume the replication logic under a qualitative
lens (Tuval-Mashiach, 2021, p.365). In this direction, "reproducibility" would be more restricted
to quantitative approaches and "transferability" to qualitative ones.

Kennedy (1979, p. 677) uses the expression "generalization" but uses modifiers like "nonsta-
tistical" to distinguish it from the experimental paradigm. It is also called for other researchers
as analytical generalizations, highlighting the distinction from the statistical one. Both Kennedy
(1979) and (Morse et al., 2002) list a number of ways to make inferences assuming a qualitative
stance and showing its extension and limitation. It hopes that good qualitative research should
be richly descriptive, aiming to provide conditions for other researchers to transfer the findings
from their contexts.

6.1.4 Philosophical Framework

This research is situated between two philosophical frameworks: interpretive and critical
epistemological perspectives (Table 7). Its purpose is (i) to describe and understand how
Computer Science Education (CSE) students conduct their Self-Directed Learning (SDL) in
developing countries from the Capabilities Approach (CA) lens, (ii) to interpret the results
during the discussion phase, and (iii) change the awareness of computing educators as a
byproduct of this research. Thus, it is the reason for putting it between these two perspectives
(however, the critical traits are more discrete). Its type is qualitative, and I assume multiple
interpretations of reality (see Section 5.2.1.1).

6.2 DATA COLLECTION

In this research, I collected data using four techniques: interviews, questionnaires, document
surveys, and observational notes. For collecting interview data, I adopted a sampling strategy
(Section 6.2.1) using the Lorenz Curve (Section 6.2.2) as an auxiliary instrument to classify
students in a class.

6.2.1 Sampling strategy

When we use the expression "sample" in qualitative research, it is also necessary to make
additional considerations (similar to in Section 6.1.3). Merriam and Tisdell (2016, p. 18) assert
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Table 7 – Epistemological perspectives from their main purposes, types of research, and perceptions of reality.

Epistemological Perspectives
Positivist/
Postpositivist

Interpretive/
Constructivist Critical Postmodern/

Poststructural

Purpose Predict, con-
trol, generalize

Describe,
understand,
interpret

Change,
emancipate,
empower

Deconstruct,
problematize,
question, inter-
rupt

Types
Experimental,
survey, quasi-
experimental

Phenomenology,
ethnography,
hermeneutic,
grounded the-
ory, naturalistic
/ qualitative

Neo-Marxist,
feminist,
participatory
action re-
search (PAR),
critical race
theory, critical
ethnography

Postcolonial,
poststructural,
postmodern,
queer theory

Reality
Objective,
external, out
there

Multiple
realities
(interpretations),
context-bound

Multiple reali-
ties (interpre-
tations) situ-
ated in politi-
cal, social, cul-
tural contexts
(one reality is
privileged)

Questions as-
sumption that
there is a place
where a reality
resides: “Is there
a there there?”

Source: Adapted from Merriam and Tisdell (2016, p. 12).

that:

“Sample selection in qualitative research is usually (but not always) nonran-
dom, purposeful, and small, as opposed to larger, more random sampling in
quantitative research”.

The underlying principle is to guarantee the condition to choose the more informative and
available sample (justifying the choice intentionality) in a smaller quantity (allowing a thick
description).

I used in this research the comparison-focused sampling strategy. This strategy “looks in
depth at the significant similarities and differences between cases and the factors that explain
those differences” (Patton, 2015, p. 418). There is no purpose in representing the population
perfectly as a whole. The aim is to learn from unusual conditions relevant to understanding a
given phenomenon better.

There are many ways to conduct comparison-focused sampling. It is possible to choose clear
outliers in the population (extreme case sampling) or investigate the characteristics present in



"success cases" (best case sampling), for instance. I used intensity sampling, which involves
“the same logic as extreme case sampling but with less emphasis on the extremes” (Patton,
2015, p. 422).

The idea, in this research, is to choose participants that consist of information-rich cases
that manifest the capability diversity in the classroom. This difference needs to be intense
but not extreme. There are cases where extreme sampling is the best choice, but “extreme or
deviant cases may be so unusual as to distort the manifestation of the phenomenon of interest”
(Patton, 2015, p. 422). To help me to access the capability diversity, I used the Lorenz curve.

6.2.2 Lorenz Curve

To help in my sampling strategy, I adopted the Lorenz curve to classify the classroom from
the Household Per Capita Income (HPCI) of each student. Originally, this curve “plots the
percentage of total income earned by various portions of the population when the population is
ordered by the size of their incomes” (Gastwirth, 1971). But it helps the computation of several
indexes to measure social inequalities, including under educational perspectives (Thomas; Wang;

Fan, 2003). It assists us to visualize the accumulated distribution of a certain kind of quantity
in a population.

I used the Lorenz curve to focus on the income variable to serve as an estimator for ordering
students according to their Socioeconomic Status (SES). It is true there are other ways more
robust to indicate SES like the scholarship-occupation-income triad proposed by Alves and
Soares (2009, p. 11). But my idea is not to classify students with excessive rigor in relation
to their SES. As this context is in a developing country, the Lorenz curve from the HPCI was
enough to divide the space into four groups to guide my sampling strategy. I will present by an
example the plot of the Lorenz curve aiming to help choosing students during data collection.

Imagine that a classroom of eight students (Table 8) has the following distribution of HPCI
in Brazilian Real (R$). We can display these values in a sorted way, according to Figure 15.
The blue line in this figure would represent the ideal value for all students (R$ 1,406.25), if
we desire income equality, for instance. From this reference, there is an unequal distribution
due to the two extreme values in this group (R$ 500.00 and R$ 3,500.00).

It is possible to see there is an inequality from Figure 15. But if I need to compare this
classroom inequality to inequalities of other people groups, it recommends normalizing all
values. The Lorenz curve makes it through two steps: (i) using as normalizing reference the
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Table 8 – Value distribution of the HPCI of a hypothetical classroom.

R$ 500.00 R$ 2,000.00 R$ 800.00 R$ 1,500.00
R$ 1,000.00 R$ 750.00 R$ 3,500.00 R$ 1,200.00

Source: Created by the author (2024).

Figure 15 – Chart of the sorted income distribution of Table 8 values. The red lines mark both maximum and
minimum values. The blue line marks the average value.
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sum percentage of all resources (in this case, HPCI), and (ii) working with the accumulated
values of resources instead of the corresponding one of each individual. Figure 16 plots the
Lorenz curve with the Table 8 values.

An interesting possibility when we use the Lorenz curve is to compute the Gini Index (GI)
(Farris, 2010). In this example, the GI is 0.3281 (see Figure 16). The closer GI is to zero,
the greater the equality of a given group. Otherwise, the closer GI is to one, the greater the
inequality of a given group. The GI of the blue line of Figure 6.2 is zero, representing the
equality reference concerning HPCI.

1 Thanks to Buck Shlegeris for opening her JavaScript code to compute Gini Index at <https://github.com/
bshlgrs/economics-demos>.

https://github. com/bshlgrs/economics-demos
https://github. com/bshlgrs/economics-demos


Figure 16 – Chart of the Lorenz curve of Table 8 values. The red line marks the maximum percentage value.
The blue line represents the ideal one.

cu
m

u
la

ti
ve

 s
h

ar
e 

o
f 

H
P

C
I

fraction of classroom

G = 0.328

The Lorenz curve

100%

Source: Created by the author (2024).

According to the World Bank2, Brazil’s and Finland’s GI were 0.489 and 0.277, respectively.
Thus, this hypothetical classroom is less unequal than Brazil but more unequal than Finland.
Although social inequality is a complex and multifactorial problem, GI signals as a first indicator
to situate income inequality in a broader context.

The idea in relation to the sampling strategy was to focus on the 1st and 4th quartiles (Q1
and Q4) of the classroom income distribution, where Q1 represents the lowest socioeconomic
student group and Q4 represents the highest group (see Figure 17). I will describe how I use
these groups for choosing students during data collection in Section 7.3.

2 Available in <https://data.worldbank.org/indicator/SI.POV.GINI?locations=BR>.

https://data.worldbank.org/indicator/SI.POV.GINI?locations=BR
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Figure 17 – Chart representing the sampling classes from Lorenz curve of a classroom. Q1, Q2, Q3, and Q4 are
the quartiles of the classroom HPCI distribution, where Q1 represents the lowest socioeconomic
student group and Q4 represents the highest group.
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6.3 DATA ANALYSIS

The data analysis consisted primarily of building results from each data source using a
best-effort approach (considering a trade-off of constraints like time and people availability),
aiming to triangulate them in a future step. For interviews, I adopted the descriptive coding
as presented by Saldaña (2013, p. 4). For questionnaires, I made charts (e.g., Lorenz Curve)
and considered non-quantitative data to help identify potential samples. For the document
survey, I aggregated the available data (mainly in public sheets). Lastly, for observational
notes, I concentrated my efforts on adjusting my researcher’s view concerning the concrete
phenomenon in this class, desiring to "get a feeling" about strategic research decisions.

Frame 1 summarizes some methodological choices in this chapter.



Frame 1 – Main research methodological choices.

Approach Qualitative (Predominantly)
Epistemological Perspective Interpretive (Predominantly)
Sampling Strategy Comparison-focused (Intensity)
Data Collection Technique Descriptive Coding

Source: Created by the author (2024).
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7 RESEARCH DESIGN

Once I carried out the discussion about the research methodology, more specific steps
needed to be defined. Research design informs us in more detail about all methods or techniques
used for conducting research. In this moment, I describe the instantiation of context, sampling,
and other essential information for research decision-making.

I arrange the remainder of the chapter as follows. Section 7.1 presents the research context
where I conducted the research. Section 7.2 delineates the active learning context where this
research is immersed. At last, Section 7.3 details my Ph.D. route, describing the main phases
of the research walking.

7.1 RESEARCH CONTEXT

The research context was an undergraduate Information Systems (IS) program in Recife,
Brazil. This program is conducted at Centro de Informática (CIn) of the Federal University of
Pernambuco (UFPE). In the fourth semester, a Problem-Based Learning (PBL) approach in-
tegrates three courses of this program (Figure 18): Management Information Systems (MIS),
Project Planning and Management (PPM), and Business Process Management (BPM). As
mentioned in Section 2.3.2, PBL has Self-Directed Learning (SDL) as a crucial element. iNno-
vative Educational eXperience in Technology (NEXT) Research Group has a long experience
in the adoption of PBL in Computing Education (CEd) (Santos et al., 2021), favoring to inves-
tigate SDL construct in a structured and solid computing learning space, being responsible for
implementing PBL in this IS program.

This research concentrated more efforts on MIS course during the data collection step. My
advisor was responsible for facilitating this course in the 2023.1 academic term.

It is essential to highlight that all federal teaching institutions in Brazil adopt affirmative
actions for student entry into higher education. As explained in Section 3.4, these affirmative
actions consider various aspects, emphasizing if students attended their whole high school in
public teaching institutions. Thus, it should be possible to see significant functioning differences
(Section 3.2.1) among the students even after four terms of this program.



Figure 18 – Illustration of the integrated PBL approach composed of three courses. I use an estimator for
Socioeconomic Status (SES) to help to pick students to follow up closer.
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Source: Created by the author (2024).

7.2 ACTIVE LEARNING CONTEXT

As presented before (Section 2.3), SDL establishes relations with many active learning
approaches. In this section, I present the active learning context in which the SDL construct
was investigated in this research. I detail the PBL adopted in this research context (Section
7.1), delineating the PBL By-Cycles Framework (Alexandre et al., 2018) from four essential steps
in this evolution journey (in order of arising): (i) PBL-Test, (ii) Problem-Based Learning by
NEXT (xPBL), (iii) PBL Framework, and (iv) PBL Assessment Model in Software Engineering
Education (PBL-SEE).

The first important step of NEXT aiming to structure the learning processes in PBL for
CEd was the PBL-Test (Santos; Figuerêdo; Wanderley, 2013). PBL-Test is a model to evaluate the
maturity of teaching processes in a PBL approach. The idea is to verify the perception of all
PBL stakeholders (e.g., facilitators, tutors, students) concerning PBL principles (as presented
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in Section 2.3.2). One of the main results after the PBL-Test application is to locate what
level of maturity your PBL is (that can be: insufficient, initial, satisfactory, good, or excellent
level).

The second step in the NEXT evolution was the proposal of the xPBL (Santos; Furtado;

Lins, 2014). xPBL is a methodology for managing PBL when teaching Computing. The idea
is to provide an alternative to yPBL methodology (Exposito, 2010), providing a relationship
between PBL principles and five methodology elements (obtained from previous NEXT research
experiences). These key methodology elements are (i) problem, (ii) environment, (iii) content,
(iv) human capital, and (v) process. The authors presented, for each element, a pathway to
conduct a 5W2H technique (Klock; Gasparini; Pimenta, 2016) aiming to help computing educators
in a PBL course design.

The third NEXT step was the proposal of the PBL Framework (Rodrigues; Santos, 2016).
The framework idea is to ensure satisfactory results by using PBL in CEd, reusing as a base
the Deming cycle: Plan, Do, Check & Act (PDCA) (Dudin et al., 2015). PBL Framework
incorporates both xPBL (Plan Phase) and PBL-Test (Act Phase), also signaling an authentic
assessment as one of its key components (Check Phase).

The last step in this evolution was an authentic assessment model for PBL-Based Soft-
ware Engineering Education: PBL-SEE (Santos, 2017). PBL-SEE address the Check Phase of
PBL Framework with a structured model, being composed of three levels (i) student assess-
ment, (ii) PBL evaluation, and (iii) teaching assessment. The objective of this model is to
indicate assessment strategies that guarantee the effectiveness of the PBL approach through-
out its management cycle. Educational Objectives are established based on Revised Bloom’s
Taxonomy (RBT), associating each verb in RBT six levels to xPBL five elements.

Figure 19 presents the schema of PBL By-Cycles Framework with the main steps detailed
here.

7.3 PH.D. ROUTE

A good way to present the methodological route of this research is by knowing my Ph.D.
route. I divide my Ph.D. study into three phases, describing the project structuring (Section
7.3.1), the pre- and in-intervention (Section 7.3.2 and 7.3.3), and the analysis and discussion
(Section 7.3.4). I scheme this route in Figure 20.



Figure 19 – Schema of PBL By-Cycles Framework using the Deming cycle (PDCA) structure.

Source: Alexandre et al. (2018, p. 60).

7.3.1 Project Structuring

The first phase covers all activities and decisions responsible for helping structure the
research project. This phase lasted nearly 24 months, comprehending from my admission to
the Ph.D. program (October 2020) until the qualifying exam (November 2022). I list the main
activities that are: attended courses, reading tasks, tutoring, paper writing, and qualifying
project. I will describe each of them in detail as follows.

My advisor and I decided on a set of introductory courses that would help me in this phase.
The major part was related to research methodology: (i) “Research in Computing Science”,
(ii) “Evidence-based Software Engineering”, and (iii) “Qualitative Research in Software En-
gineering”. I attended all of them at CIn. Beyond these, a strategic course was “Education
and Society” that I had the opportunity to attend at the UFPE Education Center. These four
courses gave me incredible constructs to structure Chapters 4, 5, and 6 of this research.

Another crucial activity during this phase was my readings. Although part of my academic
journey as a professor provided me with previous knowledge about active learning in Computer
Science Education (CSE) area, I needed to deepen my research about SDL and equity concepts.



103

Figure 20 – Schema presenting my Ph.D. route composed of three big phases: (i) project structuring, (ii) pre-
and in-intervention, and (iii) analysis & discussion.

Source: Created by the author (2024).

This activity pervaded the whole project structuring (and part of other Ph.D. route phases),
having the Chapters 1, 2, and 3 as the more visible results.

Bearing to know the potential field of data collection, I helped my advisor (and my
colleague-tutors) during the integrated PBL approach (Section 7.1) as a tutor during the



2020.2 academic term (from May to September 2021). This opportunity allowed me to un-
derstand the PBL By-Cycles Framework (Alexandre et al., 2018) in more detail, observing all
the possibilities to intersect my research interests into a context in which the PBL in CSE
achieved a high level of maturity (Santos; Figuerêdo; Wanderley, 2013). The first outline of the
research design arose during these tutoring moments.

Not all doctoral credits are offered as courses in a classical format. A part of them can
be conducted through individual mentoring between an advisor and doctoral candidate on a
specific topic during an academic semester. In these moments, I could deepen some strategic
discussions related to my research by writing about PBL diagnosis (Santos et al., 2022), re-
search ethics (Bispo Jr.; Fonseca; Santos, 2021), and neutrality (Bispo Jr. et al., 2022). A narrative
describing the whole walking of paper writings during my Ph.D. is available in Appendix A.

Last but not least, I wrote my qualifying project. Writing, as Booth, Colomb and Williams
(2008) assert, is not only a final result of a cycle but also a way of thinking. The several
writing cycles forced me to put my initial ideas on paper, allowing me to refine and achieve
a satisfactory version. I received valuable feedback from the examining committee, giving me
essential elements to improve my research project and better structure my data collection.

7.3.2 Pre-Intervention

The first part of the second phase covers all preparatory activities to follow up the SDL
trajectories of CSE students in situ and remotely. This phase lasted nearly seven months,
ranging from my qualifying exam (November 2022) until the first meeting with the integrated
PBL class (May 2023). I list the main activities that are: ethical committee application, doc-
ument survey, initial observing, first meeting, and socioeconomic questionnaire application. I
will describe each of them in detail as follows.

After the qualifying exam, my advisor and I considered all the contributions from the
examining committee and structured the final project to apply for the Institutional Review
Board (IRB). Because I collected all data from human subjects in a Brazilian institution, I
translated this project into Portuguese before the submission. The first project submission for
the UFPE IRB occurred on March 20, 2023. The sending of the first IRB decision happened
on May 03, 2023, asking to do a minor review. I re-submitted the revised project on May 04,
2023. Lastly, the IRB manifested their final decision on May 10, 2023, approving this research
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project, generating the Certificado de Apresentação de Apreciação Ética (CAAE)1.
During the IRB process of appraisal, I conducted part of the document survey. There

are several open data sources, like Portal de Dados Abertos (UFPE)2 and Portal Brasileiro

de Dados Abertos3. I obtained aggregated data concerning UFPE IS program, focusing my
attention on enrolled undergraduates of the 2023.1 term (see Section 8.2.2). The political
pedagogical project of the program and the education plans of each course of the integrated
PBL class were obtained and are available on the public repository of this Ph.D. study4.

A previous preparation period of the integrated PBL approach was part of the planning
phase. This period usually occurs before each conduction of the PBL integrated approach,
gathering all professors, tutors, and clients to adjust dates and activities, guaranteeing an
appropriate integration among the three courses. After I collected their consent and assent,
I observed these meeting activities. They created educational artifacts to manage student
activities in the Learning Management System (LMS) and private spreadsheets (or docs). I
obtained reading-only access from the responsible person for these artifacts too. Figure 21
illustrates the whole intervention phase schematically.

As part of the consent process, I presented my research project on May 30, 2023, during
the first MIS class. This presentation title was "Human Aspects in MIS"5, lasting 40 minutes.
The presentation comprised the following four topics: (i) introduction, (ii) notions on equity
and ethics, (iii) research presentation, and (iv) consent for research6. In the last topic, I avoided
technical terms and concepts, focusing on showing the essence of research and all adopted
care concerning research ethics involving humans, including current legal requirements (Bispo

Jr.; Fonseca; Santos, 2021). I provided the informed consent form (and all ways to contact me
during the research, in case of participation) for each student before this class (both on LMS
and repository). I kept the agreement of each student to participate in the research, counting
on only those who answered me positively.

For students who voluntarily participated in the research (30 of 35 ∼= 85.71% of MIS
class), I asked them to fill out a socioeconomic questionnaire (see Appendix B). This form

1 CAAE is the certificate of presentation for ethical appreciation that allows us to verify the approval
status of research projects on Brazilian IRBs on a national website called Plataforma Brasil(<https:
//plataformabrasil.saude.gov.br/>). The CAAE number of this project is 68111823.3.0000.5208.

2 Available in <https://dados.ufpe.br/>.
3 Available in <https://dados.gov.br/organization/universidade-federal-de-pernambuco>.
4 See <https://github.com/bispojr/phd-info>.
5 Originally, "Aspectos Humanos em SGE" in Brazilian Portuguese.
6 The presentation slides (in Brazilian Portuguese) are available on this Ph.D. public repository: <https:

//github.com/bispojr/phd-info>.

https://plataformabrasil.saude.gov.br/
https://plataformabrasil.saude.gov.br/
https://dados.ufpe.br/
https://dados.gov.br/organization/universidade-federal-de-pernambuco
https://github.com/bispojr/phd-info
https://github.com/bispojr/phd-info
https://github.com/bispojr/phd-info


Figure 21 – Illustration of the methodological route of part of this research project. A timeline with the two data
collection phases (pre- and in-intervention) is presented, situating the data collection instruments
along with it, according to their time granularity.
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Kickoff Report 1 Report 2 Final
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Main interviews
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Auxiliary interviews

Source: Created by the author (2024).

allowed me to get socioeconomic information and plot the Lorenz curve from the average
Household Per Capita Income (HPCI) data. This curve helped me to estimate the SES of the
class, stratifying them into four classes. Thus, all students belonged to a class alongside a
continuum axis ranging between lower and higher SES (see Section 6.2.2 and 8.2.2). The idea
was to pick two students and investigate these two ones during the term. I preferred to pick
two students from the lowest and highest SES classes, respectively, aiming to understand if
income disparity can be reflected in their capabilities. Another data source came from their
classmates and other stakeholders, serving to triangulate and enrich the understanding of
the research findings. Figure 22 presents in more detail the effective research participation of
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students in terms of Informed Consent Form (ICF), Socioeconomic Questionnaire (SQ), and
Interview Participation (IP).

Figure 22 – Venn Diagram of the relations of three groups of students: those that (i) agreed with the Informed
Consent Form (ICF), (ii) answered Socioeconomic Questionnaire (SQ), and (iii) participated in
interviews (IP).

11 8 47
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Informed Consent Form (ICF)

Interview 
Participation (IP)

Socioeconomic
Questionnaire (SQ)

15SQ 11IP

Source: Created by the author (2024).

7.3.3 In-Intervention

The second part of the second phase covers all effective activities to follow up the SDL
trajectories of CSE students in situ and remotely. This phase lasted five months, comprehending
from the first (May 2023) to the last meeting with the integrated PBL class (October 2023).
I list the main activities that are: interviews, observation, and documental analysis. Figure 21
illustrates the whole intervention phase schematically.

The interviews were the most important means of data collection. I conducted three blocks
of interviews (in a total of 11 different interviewees): the first one composed of three interviews



(happening inside of Kickoff cycle), the second one composed of seven interviews (happening
inside of Status Report 1 cycle), and the third one composed of a single interview (happening
after the Final Report, see Table 9). The size of each block is different among themselves due
to two reasons: (i) first, I conducted these interviews based on availability of each student
(bearing in mind that this IS program occurs at the night shift), and (ii) second, I opted to
concentrate the most of interviews until the end of July 2023 because between August 2023
and January 2024 I was at Brunel University London in United Kingdom (UK), performing the
Analysis & Discussion phase also together to my co-advisor Prof. Marcus Vinicius De Matos
(and I tried to offer the possibility for the interviewed could choose a in-person or remote
format). Aiming to preserve the identity of each Research Participant (RP), I use an alias like
RP4 to represent any research participant, and the aliases Chavo and Quico7 to represent the
chosen participants from the lowest and highest SES student groups (Quartile (Q)1 and Q4),
respectively. I interviewed Chavo in the first block remotely, and Quico in the second block
in-person. The semi-structured interview script is available in Appendix C. Unfortunately, only
three women answered the socioeconomic questionnaire, and none of them participated in
interviews. A better discussion about the gender participation in this research is performed in
Section 10.2.

Table 9 – List of the three blocks of interviews indicating the period, PBL cycle, and research participants.

Block Participants Period Cycle
1 RP1-2, Chavo May 30 to Jun 22 Kickoff
2 RP3-8, Quico Jun 23 to Jul 25 Status Report 1
3 RP9 After Sep 21 After Final Report

Source: Created by the author (2024).

The observation was conducted during some collective activities in the class. In summary,
these activities encompassed all classes of three courses and all integrated presentations in the
final of each cycle (Kickoff, Status Reports 1 and 2, and Final Report), focusing my attention
on MIS course. I obtained access to all forums, both those with only student access and those
with professors and tutors (who talked among them privately). I also took observation notes
continuously. This observation data guided me in choosing what student in each group I should
prioritize to interview, for instance. Other different data sources could contribute to reinforcing
7 Chavo and Quico are characters of Chespirito, a Mexican sitcom written by Roberto Bolaños. Chavo is

the main character of Chespirito, a homeless person who sleeps inside a barrel. Quico is the son of Doña
Florinda and a late naval captain. Chespirito presents him as a spoiled and overprotected 9-year-old-boy.



109

the confluence of a finding or even significantly contrasting it, leading me to pay attention to
certain aspects that previously were unconsidered.

The documental analysis also was important over the intervention phase. During the in-
tegrated PBL course, students made several documents in groups or individually. Some of
these were deliverable artifacts required to be submitted in LMS (or done in-person) at each
cycle ending (e.g., Unified Modeling Language (UML) diagrams, slides, reports, exams). Other
part consisted of form responses that each student helped the professors and tutors informing
about the quality of the PBL approach (e.g., PBL tests, group and concept feedback). The
data available from the open educational repositories and institutional databases were useful
to situate the observed and reported conditions into a broader scenario both in UFPE and in
IS class.

7.3.4 Analysis & Discussion

The third (and last) phase covers all activities and decisions responsible for analyzing
and discussing the research results. This phase lasted nearly 12 months, comprehending from
the last meeting with the integrated PBL class (October 2023) to the submission of this
Ph.D. thesis for examining committee appreciation (October 2024). I list the main activities:
guidelines structuring, interview coding, document organization, data aggregation, and thesis
writing completion.

After the qualifying project presentation, I received a precious feedback in a question
format: "What would it be the research relevance to CEd practitioners?"8. This feedback led me
to include RG3 seeking recommending guidelines to (CSE) educational stakeholders concerning
how to consider effectively equity issues and active learning from the Capabilities Approach
(CA) lens. To be honest, a seed of these guidelines had been discussed by us previously (before
the qualifying project presentation) problematizing the CEd neutrality presupposition (Bispo Jr.

et al., 2022). When I realized that this essay was the first document of guidelines, thus the next
steps were to structure how to discuss equity effectively in CEd decision-making collective of
teachers (including CSE perspective too).

In face of the opportunity to submit a Springer chapter proposal for a book of Online
Laboratories in Engineering Education (OLEE), my advisors and I decided to expand the scope
of these guidelines to Engineering Education, providing a set of guiding questions to orientate
8 I presented the research relevance to CEd practitioners in Section 1.3.



an initial equity analysis for an Engineering decision-making collective of professors (Bispo Jr.;

Santos; Matos, 2024a). Bearing in mind that Large Language Models (LLMs) started to be
included as a new challenge in several educational contexts, I participated in the New Media
Pedagogy (NMP) Conference talking about CEd, equity, and LLMs. In a second moment, my
advisors and I extended this presentation ideas providing constructs to analyze equity in a
computing class from our new concept of LLM divide using CA lens (Bispo Jr.; Santos; Matos,
2024b). These two contributions were written during my academic visit to Brunel University
London.

After choosing the participants Chavo and Quico, I performed their interview coding. I used
the Notion platform9 to manage the codes, putting the little blocks of transcript interviews
in a table column and the codes in another one. I conducted three big coding rounds, having
several iterations into each round: (i) first round to code the main SDL constructs (Section
8.1), (ii) second round to code from SDL goals and SSDL perspective (RG1, see Section 9.1),
and (iii) third round to code from SDL capabilities10 (RG2, see Section 9.2). It is important to
note that I had the opportunity to join as a member of Human Development and Capability
Association (HDCA)11, participating more specifically in HDCA Education Thematic Group.
I was mentored by Prof. Monica Kuwahara from Federal Univeristy of ABC (UFABC) since
March 2024 in HDCA Early Career Researchers and Practitioners Network Mentorship Program
2023-2412. She is also one of the HDCA’s coordinators for the Regional Network of Latin
America, helping me to understand better about the application of CA constructs.

The document organization was an activity to collect and arrange all related documents
that were relevant to enlighten the interview findings. I divided into three document groups:
curricula, UFPE open data, and IS class records. I detail each one in Section 8.2.

The data aggregation occurred in a posterior moment in relation to the document organi-
zation aiming to create charts to visualize the overall picture from each level of analysis (e.g.,
PBL team, class, program, university). For instance, I put in Appendix F all charts extracted
from five elements of PBL-SEE, locating Chavo and Quico in their respective PBL team or
even in their whole IS class. The underlying idea is to realize the overall context for both
participants, trying to capture some collective determinants for each one of them.

9 See in <http://www.notion.so>.
10 SDL capabilities is a new concept that I created to establish the meeting between SDL and CA constructs.

See more in Section 9.2.
11 See HDCA website: <https://hd-ca.org/>.
12 See more detail in <https://hd-ca.org/thematic_group/early-career-researchers-practitioners-network>.

http://www.notion.so
https://hd-ca.org/
https://hd-ca.org/thematic_group/early-career-researchers-practitioners-network
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Lastly, in this phase, I finished the thesis writing. To be sure, the thesis writing was a
continuous activity that started from the early phases of my Ph.D. route. A significant part
of my thesis came from the qualifying project, introducing new theoretical insights, adjusting
the methodological design, and, mainly, presenting (Chapter 8) and discussing (Chapter 9)
the results.

Frame 2 summarizes some research design choices in this chapter.

Frame 2 – Main research design choices.

Research Context Information System 2023.1, MIS Course

Number of Interviews Main Interviews (2)
Auxiliary Interviews (9)

Interview Mean Duration 75 minutes
Active Learning Approach PBL By-Cycles Framework (Alexandre et al., 2018)
Active Learning Construct Self-Directed Learning (Knowles, 1975; Grow, 1991)
Equity Theory Capability Approach (Sen, 1992)

Source: Created by the author (2024).
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8 RESULTS

This section presents two groups of findings. The first group refers to Chavo and Quico’s
interviews from Knowles’ Self-Directed Learning (SDL) definition (Section 8.1). The second
one refers to data concerning context overview (Section 8.2) both in general and specific
dimensions.

8.1 INTERVIEWS FROM SDL PERSPECTIVE

The coding process of interviews was conducted using Notion tool1. The Quico and Chavo
interview transcripts were divided into “chunks” with the aim of better structuring and visu-
alizing the codes. I adopted descriptive coding (Saldaña, 2013, p. 4) using a mixed approach
(inductive and deductive simultaneously), categorizing each code group from the six steps
of Knowles’ SDL model (see Section 2.2.1). This process generates the following six sec-
tions (Sections 8.1.1 to 8.1.6). All categories and codes originated from this coding process is
presented in Frame 3.

Frame 3 – Categories and codes from coding process of the Chavo and Quico’s interviews.

Categories Codes

Strategy
Iterative Process | Linear Process | Internet Technologies
Reading | Refining | Recapping | Asking People
Complexity Levels | Study Place

People as Resource Friends | Classmates | Closer People
Adaptability | Empathy | Doing Alone Preference

Non-Human Resource Digital Resources | Physical Resources
Library | Large Language Models

Place as Resource Home | University | Work
Procrastination | Computing Laboratory

Time as Resource Job | Working Hours | Livelihood
Transportation | Household Activities

Evaluation Checking with People | Labor Market Absorption
Levels of Progression | To Do List
Source: Created by the author (2024).

1 Available in <www.notion.so>.

www.notion.so


8.1.1 Strategy

When asked about their SDL strategy (Interview Question (IQ), n. 6, Appendix C), Chavo
and Quico presented their perceptions. Chavo answered as follows:

“When there is something that I don’t really know what I’m seeing, I first search for
it on the Internet, and I try to look deeper to see if there is [any] documentation.
I like a lot to see documentation or search for videos on Youtube. And there also
are many things. There are many good materials on the Internet. So, I first focus
on these two things. So I try to find out and understand how it works.

I do [it] more or less in this way: first, I’m gonna try to read, I’m gonna try to see
what is, how that works. For example, let’s say that... for example, some subject is
required... that is related to Databases. So now the Database course is approaching
the topic of Conceptual Databases. I don’t know what “conceptual” is: I search on
the Internet, and I look for sites that I know more related to technology. As there
are many sites that appear about Linux (there is that called “Tech”), there is one
on YouTube too. So I research, I try to study, learn. So after I learn, I generally
see the points, I put in... a notepad with the topics. As well as I learned, I put in
the computer. Or if the professor has already provided an example... the subject.
So I watch from the professor [video] and after I research on the internet to try to
review too. I do [this] like a mix from the two [ones]2”.

Chavo created an iterative process for his SDL consisting basically of three stages: (i) reading
materials, (ii) refining through watching videos, and (iii) recapping from topics. These stages
were strongly assisted by Internet technologies like YouTube and reliable sites (e.g., technical
content pages and professor’s blogs). He mentioned that his strategy is sensible to context,
leading to different approaches when the learning needs are different.

One of the signals that his strategy is not working is the high number of asking friends for
help. When asked about his limitations during the SDL journey (IQ.13, Appendix C), Chavo
answered as follows:

“I got it. This had already happened to me in the beginning when I entered the
program. In the beginning, it happened in the P1 course [Introductory Program-

2 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.4.



115

ming]. And it weighed more in Algorithms. But it was in Algorithms that I’ve got
build a good source of programming logic. There were some lists... like... even I
was researching, even I was reading the question, I couldn’t understand because
I still hadn’t... I wasn’t getting to understand in fact, as you said. Due to the
lack of... that I didn’t get. So when I didn’t get it, I asked for help a lot, I asked
for help from people, mainly the people that I knew, or then the classmates that
I had known back then. People always... like this... ’Yes, I can help you’, some
person like... so people explained or then I asked to log in to Discord to help, and
I researched quite. So... I was going to bed a little later, but I tried to search for, I
tried to study again to understand better what I hadn’t been able to get before3”.

Quico structured a linear process starting from basic to complex levels of difficulty:

“So, depending on the project, of what I’ve to learn, I usually see... so... it is
the track that you must follow. [...] So, going from you begin... intermediate and
more advanced level. At this moment, I am looking to do in this way to have a
performance there, a better development, do you understand? A better flux of
development. So, this is the approach that I am looking for. So, I get to use this
more for programming. I don’t know if [this works] for the other courses, but in
programming, I do in this way. When I begin to learn something, I begin to see
the basics there, that, usually, every programming language has always the basics
that you must learn. So I’m gonna get for other things, more difficult things, and,
in this way, I am going scaling, do you understand?4”.

He highlighted that during these stages he usually alternates the study place to avoid boredom
and guarantee a better learning disposition:

“So... as I spend a lot of time at home in the morning and afternoon period... It’s
more in this way in my bedroom, reserved there, and on the computer, studying.
So, I don’t know if this is related to the question of learning by myself, but
when you are there solely, sometimes it gets dull, if you do that every day, do
you understand? It’s the same thing... it gets tedious. So, sometimes, I look for...
hmm... I wake up in the morning and don’t go to the computer to see something. I

3 See the original excerpt in Brazilian Portuguese in in Appendix Section E.1.10.
4 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.4.



stay in another place of my home, doing nothing else, for... I don’t know... unwind
the mind, for not always doing that same thing. So... but... of the physical place
that I stay in my home, it is in the bedroom.

And related to the college, it is the GRAD [Computing Lab], the labs that have
computers. So, when I need to study anything, so... not now, but at the beginning...
at first and second terms, I went a lot there, when I arrived [at college]. I arrived, I
went to GRAD, I went to do something that I would need to do of programming,
of the courses. So, this was very at the beginning. Or, when I’m at my home,
the physical place is more my bedroom, and when I’m here [university], it is the
GRAD5”.

8.1.2 People as Resource

Concerning interacting with people to promote their SDL, Chavo prefers to contact friends
or closer people if necessary. When he can not solve your information need, he recurs to other
classmates, but only afterward:

"I try to get in touch with my friends. So... those who I live more together generally.
So, usually, I ask them: ‘People, did you understand what the professor asked?’ or
‘Did you understand that subject?’. Because we have our group, so I ask them.

I think they are more or less this way... 7 people, more or less 8 people. So I try to
speak to the folks. If I cannot, or if I don’t understand, I ask another group of all
class people who are more familiar from the first term. So I try to ask them. So I
ask for help from folks, and that person helps me, and we are gonna understand
ourselves. And it’s good because if we have another person with a question, so we
even help them... happens a Discord [meeting], happens a little call. So, we unfurl
to understand the subject. Usually, I do this6".

Related to teamwork activities, he thinks about himself as an adaptable person. However,
there is a preference for working in groups with more affinity people:

"Yes. I am quiet about working in groups, I can calmly... I can adapt myself. Any
group you put me in, so... I can adapt with the people. This is something easy

5 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.8.
6 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.5.
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for me. But, so... I like a lot to work with the people I have more affinity with
because this feels better, because the people already know more about me, about
my routine too, and I also know about their [routines]. So it gets more peaceful
because we already know... we know each other better, so... you know... ’Ow, let’s
do that part, others do another part’. We decide adequately, and it gets better.
But if I cannot, I... Any group, so...with the people that put me, I can unfurl it.
Mainly with the people of the term that we are together, since the first [one]. I
have a very good affinity with everybody, so any group is well7".

Quico expressed a similar standing to Chavo concerning interacting with people as much
as working in teams. However, he detailed his preference for friends to do teamwork activities:

About negative [experience] is more, so... when someone isn’t, so... doing many
things and so on. So... usually this happens when... as it’s happening, for example
now, in the Business course. We are in groups that not everybody we know. Not
everybody from the group we know in this case. So, in this scenario of people you
don’t know and so on, someone who doesn’t do something usually tends to be a
negative point for me. Do you understand?

Because, so... it’s normal. But so when there is a group that everybody knows
themselves, for me, so... someone isn’t doing many things there. As everybody
knows themselves, this doesn’t become a concern, do you understand? Being
there among ourselves, among friends... so this doesn’t become a concern.

Me: There is empathy, too.

Yes, empathy... we sometimes understand what is happening due to something...
[someone] doesn’t know... [someone] has many problems. So, we end by revealing...
I end by revealing this. So, from the negative viewpoint this is the question of a
scenario that I don’t know everybody. Do you understand?

And positive [experience] is exactly this... of you being there among friends and so
on, and the work flows and... I don’t know. That’s all. The work flows. Being among
friends there... it’s the positive that I see, so... in a group. Do you understand?
It’s more for this side8".

7 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.6.
8 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.6.



The first reason is the better comprehension of friends concerning extra class demands (e.g.,
home tasks, leisure). Empathy is more accentuated than no-near classmates, allowing a better
flux of activities among them and an excellent environment to work. And the second reason
is a consequence of the first one. Due to the lack of empathy, he understands that there is a
lack of commitment to the group, disturbing the ongoing activities.

It is essential to mention that Quico initially answered this part of the interview differently:

"But... I try to do it by myself. Usually, I try to do it by myself for... Because,
so... it’s something that I’m seeing now in... when I’m working... that we are doing
these projects and we have the teams we are participating in and so on. So, [this is]
one thing that I see a lot. Sometimes, people do something, a part of the project,
and I didn’t do it. And as I didn’t do it, so I don’t know that part he did, do
you understand? So I tend to do it alone as long as possible because I have this
knowledge, do you know?

Because, so... if you don’t do it, you usually don’t have it. The thing needs to be
practical... you must do it, so it’s impossible to escape. So I try to do it by myself
and don’t ask other people to do that. Do you understand?

But so it arises that... if I cannot, so I speak to a person, talk, and so on. As it’s
a group question and so on, I tend to do that to understand better, but I also try
to involve people to do that together, do you know?9".

He shows his preference to do activities alone and usually checks the right progress with the
requesting person.

8.1.3 Non-Human Resources

Regarding interaction with non-human resources, Chavo prefers digital resources (e.g.,
websites, YouTube) to physical ones:

“When there is something that I don’t really know what I’m seeing, I first search
for it on the Internet, and I try to look deeper to see if there is documentation. I
like a lot to see documentation or search for videos on YouTube. And there also

9 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.5.
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are many things. There are many good materials on the Internet. So, I first focus
on these two things. So I try to find out and understand how it works10".

He mentioned the use of a classical algorithms book that he borrowed from the university
library:

"I’ve already used the physical library a lot when looking for the algorithm book.
Why the algorithm book? As there are many things on the Internet, but some
specific things you cannot locate on the Internet or, so... you only find if you
research in English, for example. And you need to search for a lot to get to find.
And there are other things that are in the book, so I guessed more easily. So...
there are reference books on algorithms and data structures... I think it has a
thousand pages. I cannot remember the author’s name now, but I know it has
everything. So I used to get it. I used to check if the CCEN [Exact and Nature
Sciences Center] library had it. If I hadn’t, I downloaded or... because the book is
kinda expensive. So I used to unfurl myself.

But I like to use the book when it’s a little more difficult to find on the Internet or
when there is some specific thing that the professor asks: ‘You will not go to find
it on the Internet’, or it will be more difficult to get. So I like to get a reference
book here... this facilitates more the things for me11".

However, the impression that he recurred from the physical book because he has not had
access to the digital version yet.

Quico, similar to Chavo, also prefers digital resources:

"Today, what I can remember are those that I said... it’s more YouTube and
ChatGPT sometimes, but I cannot think of another thing I use to learn and so
on. I think that’s it. It’s more toward for... when I don’t know on YouTube, I go
to Google because, sometimes, I read to understand [something] it’s better than
listening to someone tell me, do you know?

And when I’m reading and don’t understand, so it’s the inverse. I go to YouTube
to understand someone speaking... it’s the best. So that’s it. This is the scope

10 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.4.
11 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.7.



that I’m using in methodology to learn and so on... that’s it. I’m in this world and
so on12".

When talking about them, he mentioned how he uses ChatGPT as a resource. First, he looks
for information in classic digital sources (e.g., papers). Once unsuccessful, he asks ChatGPT
about the subject. When satisfied with the answers, he checks the generated answers to
other digital sources through Google searches, verifying their consistency (like a triangulation
process):

"I’m understanding. So... I think what I ask more is [about] things that I need to
answer from assignments and so on. So that’s it. Let’s suppose this assignment
here that I had to do from BPM. I had to do a report and had topics there for
me to develop the report. So what did I do? As she wanted that we used papers, I
was searching for papers, and it wasn’t coming the thing I wanted. So what did I
do? I put it there and asked it to develop a paragraph related to a topic that was
there. Great. So I did this, I read it there, and so I... ’Ok, interesting’. I captured
what I wanted from there and went to see... no paper. I went to Google... normal.
So I saw there that the things matched themselves and so on, do you understand?

So, sometimes, what do I do? I have a question there. Sometimes, I cannot find
what I wanted on Google, [then] I put there on ChatGPT, ask it, [and] it sheds
light. So, good. I read there, I gonna see again on Google to check if it has relation,
do you know? Because it can be that what it’s saying it’s not true, so it’s not
related. So that’s it. I ask there what I need. I check there, and I do a fast scanning
to complement, do you understand?13".

8.1.4 Place as Resource

About places as a resource, Chavo prefers to self-direct learn at home. Studying at work
and university is a good choice but as a second option:

"Well... I think that there are two places that I like to study more, in my bedroom
mainly. It’s because I usually stay more [time] here, so as I stay at my home for
the most part alone, I’ve got used to it and no problem. But when I must go to

12 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.7.
13 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.7.
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college or, for example... or at work, in the office... it’s possible to work quietly,
review the class quietly, but at the college mainly.

I’m doing this a lot this week. I’m gonna have this tomorrow... tomorrow will be a
rush. And near us, from MIS [Management Information Systems classroom] there,
that is aside literally, there are some little benchs there, there are outlets. So... I
like there because it’s ventilated and, even with some people, the people respect
the silence. It’s calm to study there or at the library. But at the library, as it gets
a little far, I prefer to get closer to CIn due to Wi-Fi14".

Although he likes to be at home, he correlates learning at home to more chances to procras-
tinate activities due to the temptation to play video games or watch streaming content, for
instance. He associates studying at university with focus:

"[...] Because at home, you procrastinate a little. This happens to me relatively
always. So... at college, I can have more focus really. I can concentrate and stay
focused for more time. At home, I have some distractions, but I’m working to try
to improve. [...] At college, when I’m alone, for example, in a place studying...
I’m a little more focused for more time than at my home because there is, for
example... WhatsApp and people messages... many things. So I’m at home. It’s
just to stand up, go there and come back. But beyond this... I think that’s this15".

Quico also prefers to study at home, specifically in his bedroom. He also uses the university
laboratories to study as an alternative choice (see second Quico’s quotation in Section 8.1.1).

8.1.5 Time as Resource

Chavo has an additional factor concerning time because he works. His job occupies 30
hours per week, ranging from morning or afternoon shifts. The night shift is reserved for his
undergraduate program:

So... now I work. I wake up at 6 am, about 6:20 am. [...] I rest a little, study, have
breakfast. So between 6 and 10 am. 10 am I begin to work. So I stop at noon,
come back at 1 pm. So, from 1 pm to 4 pm, it’s the traineeship that I got with
the Federal [University], that is 6 hours.

14 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.8.
15 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.8.



[...] So generally, that’s it. I have classes at college. When I come back, I get on
the bus to CCEN [Exact and Natural Sciences Center], and I go to my home. So...
I review the things, and I go to bed. Eating and sleeping16".

He shared that this job is not a guarantee for his studies but contributes significantly to fund
his public transportation and feeding in the university. He continued saying that could quit his
work but the familiar budget would get tight:

"I got it. I think not... due to study... I can... I can stay with study and no work
because it’s [a] Federal [university], but it’s a bit more complicated. Because... as
it’s only me and mom at home... and before my job, it was more difficult because
of the bus fares and food at college. And this... because... wanting or not, bus
fares cost a lot and food too. But so... I think that’s it. But before... Wait, I think
I... Wait a minute. Can you repeat the question, please? Because I got lost.

Me: I can. I’m asking the following: is your job essential to guarantee your studies?

Right. Ok... It would be more related to transportation and a little to food. Be-
cause, so... it’s possible to stay [without working]... it’s possible. You have to be
well-tight. For example, before I began my traineeship, what did I do? I used to
do it this way... as going to college is peaceful, with the sun still and so on... all
right. I go walking many times because it’s near, so it’s already saved one bus fare.
I would only go [from bus] in the coming back. [...] It’s possible to unfurl yourself
without, but it gets more complicated, do you know?17".

Concerning Quico’s context, his major occupation is the undergraduate program:

"So... that’s it. It’s not clear in my mind because I don’t have any experience in
this area yet, [neither] I’m not looking for a traineeship. So maybe when I look for
a traineeship and begin, it will be clearer, do you know?18"

[...] I think it’s... it’s not ruled, but it’s always the same thing. As I said to you, in
the morning, I have... from 10 am to 2 pm, I’m free... Not free! I’m at home, but
doing university things, maybe household things.

16 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.3.
17 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.9.
18 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.2.
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So the day boils down to this when it’s normal... when it has classes. From 10 am
to 2 pm, I’m doing some university things. So when it has come close to 3 pm, I
get dressed to go out.19".

He does not work and has a facility to go from private car to university:

Me: How do you arrive at home? Do you go by bus?

I go by car. I live in Tangamandapio20 When the highway is not jammed, it’s nearly
22 minutes21".

The familiar income does not seem an imminent concern in his answer about this topic.
Although Quico lives so far from university, the time spent by him to come to it is practically
the same as that spent by Chavo (who lives near to university but uses public transportation).

8.1.6 Evaluation

Related to SDL evaluation, Chavo checks if he is “in the right way,” mainly by means
of people. He mentioned that he checks with friends, professors, and monitors if his learning
route is appropriate. He also creates a ‘to-do list’ composed of topics to learn, and each topic
has a deadline. Thus, he recurs both human feedback and this personal activities list.

Quico also checks his progress with people, but mainly with his parents and, secondarily,
with his friends. He also verifies his learning route via levels of progression, assessing if he
is at the beginning, middle, or end of his learning journey. At last, he asserted that another
essential factor is if his efforts are contributing to his “labor market absorption”, pointing out
his learning intentionality focused on professional formation.

8.2 CONTEXT OVERVIEW

This section presents data sources concerning the document survey mainly. Section 8.2.1
covers sources related to a general perspective and Section 8.2.2 encompasses from MIS class
data.
19 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.3.
20 Santiago Tangamadapio is a little city in Mexico southwest (<https://en.wikipedia.org/wiki/

Tangamandapio>). It is referred to in Chespirito as the city of the postman Jaimito. I preferred not
to reveal the real city of Quico in this transcript for research ethical reasons.

21 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.3.

https://en.wikipedia.org/wiki/Tangamandapio
https://en.wikipedia.org/wiki/Tangamandapio


8.2.1 General Perspective

I divided the general perspective into two kinds of data sources: curricula and Federal
University of Pernambuco (UFPE) open data (see Table 10)22.

Table 10 – List of data sources from the general perspective (curricula and UFPE open data).

Abbreviation Description
DS-IC1 Computing Curricula 2020 (CC2020)
DS-IC2 Information Systems Curriculum Guidelines 2020 (IS2020)
DS-IC3 Computer Science Curricula 2023 (CS2023)
DS-NC1 SBC Training References for Undergraduate Computer Courses

DS-NC2 SBC Training References for Undergraduate Computer Courses
- Attitudinal Skills

DS-PC UFPE Information Systems (IS) program curriculum
DS-OD1 Academic situation of UFPE undergraduates 2023
DS-OD2 Student welfare subsidy - UFPE/PROAS 2023
DS-OD3 UFPE entering undergraduates 2021
DS-OD4 SiSU UFPE entering undergraduates 2021

Source: Created by the author (2024).

In the curricula kind of data sources, I collected the main reference curricula at interna-
tional, national, and program levels. At an international level (Data Source - International
Curriculum (DS-IC)), I had access to [DS-IC1] Computing Curricula 2020 (CC2020), [DS-

IC2] Information Systems Curriculum Guidelines 2020 (IS2020), and [DS-IC3] Computer
Science Curricula 2023 (CS2023). At a national level (Data Source - National Curriculum
(DS-NC)), I had access to [DS-NC1] SBC Training References for Undergraduate Computer
Courses23, and [DS-NC2] SBC Training References for Undergraduate Computing Courses in
Brazil - Attitudinal Skills24. At a program level (Data Source - Program Curriculum (DS-PC)),
I had access to [DS-PC] UFPE Information Systems (IS) program curriculum.

In UFPE open data kind (Data Source - UFPE Open Data (DS-OD)), I collected four
anonymized data sources, being two concerning the 2023 academic year and one concerning
the 2021 academic year. Related to 2023, I chose this year because Chavo’s and Quico’s
collected data refers to 2023.1 term (both interviews and MIS class). I had access to [DS-
22 All these documents are available on this Ph.D. public repository: <https://github.com/bispojr/phd-info>.
23 Also available in Brazilian Portuguese in <https://books-sol.sbc.org.br/index.php/sbc/catalog/book/

134>.
24 Also available in Brazilian Portuguese in <https://books-sol.sbc.org.br/index.php/sbc/catalog/book/63>.

https://github.com/bispojr/phd-info
https://books-sol.sbc.org.br/index.php/sbc/catalog/book/134
https://books-sol.sbc.org.br/index.php/sbc/catalog/book/134
https://books-sol.sbc.org.br/index.php/sbc/catalog/book/63
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OD1] academic situation of UFPE undergraduates 2023, and [DS-OD2] student welfare
subsidy - UFPE/Pró-Reitoria para Assuntos Estudantis (PROAS)25 2023. Related to 2021, I
also chose this year because the 2023.1 term is the fourth term for regular undergraduates that
join in IS program in the 2021.2 term (having relevance that data concerning the entrance term
moment). I had access to [DS-OD3] UFPE entering undergraduates 2021, and [DS-OD4]

Sistema de Seleção Unificada (SiSU)26 UFPE entering undergraduates 2021.
I aggregated all relevant information from the academic situation of UFPE undergraduates

in 2023 and created a set of charts to understand the 2023.1 IS term (see Figure 23).

8.2.2 Class Perspective

I divided the class perspective into three kinds of data sources: IS program class planning,
Problem-Based Learning (PBL) recordings, and socioeconomic form (see Table 11).

Table 11 – List of data sources from the class perspective (IS program class planning, PBL recordings, and
socioeconomic form).

Abbreviation Description
DS-TP MIS teaching plan

DS-PBL1 PBL-Test data
DS-PBL2 PBL-SEE Output data
DS-PBL3 PBL-SEE Client Satisfaction data
DS-PBL4 PBL-SEE Performance data
DS-PBL5 PBL-SEE Content data
DS-PBL6 PBL-SEE Process data
DS-SEF Socioeconomic form data

Source: Created by the author (2024).

In IS program class planning (Data Source - Teaching Plan (DS-TP)), I collected [DS-TP]

MIS teaching plan 2023.1 (available in a sheet-structured format).
In PBL recordings kind (Data Source - PBL Recordings (DS-PBL)), I collected [DS-PBL1]

PBL-Test data and the assessment grades concerning each PBL-SEE element: [DS-PBL2]

output, [DS-PBL3] client satisfaction, [DS-PBL4] performance, [DS-PBL5] content, and
[DS-PBL6] process. It is important to note that for each PBL-SEE element, at least three
data collection moments occurred through all PBL cycles. I aggregated in Appendix F all
25 PROAS stands for "Pro-Rectory of Student Affairs" in English.
26 SiSU stands for "Unified Selection System" in English. It is a national selection process to enter Brazilian

public higher education institutions.



Figure 23 – Chart of several academic dimensions of all active undergraduates from IS program during the
2023.1 term.
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Source: Created by the author (2024).

charts related to these PBL-SEE elements. Generally, it is possible to assert that Chavo’s and
Quico’s results in all assessment perspectives are similar, with Chavo’s values slightly higher
than Quico’s in some situations but not disparate.

In the socioeconomic form kind (Data Source - Socioeconomic Form Data (DS-SEF)), I
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collected [DS-SEF] a sort of data from the form available in Appendix B. I traced the Lorenz
curve (Figure 24) from each student’s average household per capita income in Chavo’s and
Quico’s class. I charted this curve with the data of 15 students who voluntarily answered
the socioacademic questionnaire. Originally, this curve “plots the percentage of total income
earned by various portions of the population when the population is ordered by the size of their
incomes” (Gastwirth, 1971). But it helps compute several indexes to measure social inequalities,
including under educational perspectives (Thomas; Wang; Fan, 2003). It assists us in visualizing
the accumulated distribution of a certain quantity in a population.

Figure 24 – Lorenz curve from average household per capita income of Chavo and Quico’s class.
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Source: Created by the author (2024), assisted by Good Calculators (<http://goodcalculators.com>).

From Figure 24, Chavo’s and Quico’s class (Gini Index (GI) ≈ 0.270) is closer to Finland
(GI = 0.277) than Brazil (GI = 0.489)27 concerning incoming inequality. Indeed, as mentioned
in Section 6.2.2, GI is a first indicator, and social inequality is a complex and multifactorial
problem, but it can signal that even the Brazilian system of quotas (see Section 3.4) does not
reflect significantly (in an Computer Science Education (CSE) class, for instance) the social
inequality present in the Brazilian society.
27 Available in <https://data.worldbank.org/indicator/SI.POV.GINI?locations=BR>.

http://goodcalculators.com
https://data.worldbank.org/indicator/SI.POV.GINI?locations=BR


Aiming to help me to choose strategically which two students I should investigate deeper
(see Section 6.2.1), I plotted the chart between student Household Per Capita Income (HPCI)s
and the number of students in the MIS class 2023.1 (Figure 25). I chose one CSE undergraduate
from Q1 (Chavo) and another from Q4 (Quico). Of all the students who volunteered themselves
to participate in the interview moment, three belonged to Q1, and two belonged to Q4. I chose
Chavo (HPCI ≈ 0.67 Brazilian minimum wage) and Quico (HPCI ≈ 2.50 Brazilian minimum
wages), picking up one CSE student in Q1 and Q4 respectively and at random.

Figure 25 – Chart from average household per capita income of Chavo and Quico’s class aiming to identify
the four sampling classes (from Q1 to Q4).
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9 DISCUSSION

I structure this chapter into three sections, matching each Research Goal (RG) mentioned
previously (see Section 1.5). Section 9.1 looks to understand Chavo’s and Quico’s Self-Directed
Learning (SDL) trajectories (RG1). Section 9.2 defines SDL capabilities, mapping its main
elements in Chavo’s and Quico’s SDL trajectories through an analysis of the “taking the
initiative” capability (RG2). Finally, Section 9.3 presents a set of equity publications addressing
guidelines to (Computer Science Education (CSE)) educational stakeholders concerning how
to apply this discussion in their concrete context (RG3).

9.1 SDL TRAJECTORIES

Aiming to achieve RG1, I develop the discussion about Chavo’s and Quico’s SDL trajectories
from two perspectives: SDL goals (Section 9.1.1) and Staged Self-Directed Learning (SSDL)
stages (Section 9.1.2).

9.1.1 SDL Goals

Although I presented many possibilities previously concerning SDL contexts (e.g., personal,
academic, professional), Chavo’s and Quico’s main focus was from the skill improvement per-
spective (see Section 2.1). There is a central concern related to their professional improve-
ments, potentially aiming for a better position in the labor market.

It is essential to highlight that the underlying Chavo’s and Quico’s conception can be
that which computing refers not primarily to a personal or social transformation. Computing
Education (CEd) is an opportunity to allow them to dispute in a competitive way among the
“players” in the labor market (Bispo Jr.; Santos; Matos, 2024b, p. 428). It seems that critical
reflection appears as a byproduct of this primary pursuit of a good professional positioning.

It is possible that critical reflection is not verbalized due to business culture’s tendency to
be more “professional” during interview moments. I realize that Chavo assumed this standing
during most of the interview, signaling a concern to focus on “professional aspects” of the
answers and, consequently, avoiding a more personal tone that could express some elements
in this dimension.



In Quico’s case, even when the interview followed a more informal tone, his reported SDL
case about the development of a Discord bot did not flow to a critical reflection or self-human
development per si. Quico allowed himself to develop a Discord bot because this effort could
promote his skill development.

In both students, the social emancipation dimension was not captured, leading me to
believe in a perspective more individualistic concerning this SDL goals. There are no elements
to assert that their group participation or the development of their self-direction sought a
struggle or fight against some kind of oppressive situation. Two possibilities to understand
this phenomenon better are: (i) assuming that we are living in a post-modern condition and,
for this reason, there is an absence of an accepted, cohesive, and coherent society structure,
leading to individuals not adhering to solid metanarratives or a "cause" that lead them to
want to change or reform the society1, and (ii) realizing the search for meaning (and values)
in life can contribute to the existential vacuum, including in educational contexts (Şanlı; Ersanli,
2021), leading students to give up having a "solid reason" to live truly.

9.1.2 SSDL Stages

The overall impression is Chavo is situated in the Involved and Self-Directed stages (Stages
3 and 4) from SSDL Grow’s axis (Table 12, see more in Section 2.2.2). There is no strangeness
for him concerning requirements to the main steps of SDL process. It seems that Chavo
handles team activities well and manages these self-study moments reasonably. I felt that
Chavo is more independent and appears to assume a considerable level of commitment in his
household activities. This behavior seems to facilitate him in a more proactive standing before
the demands in a general way.

Table 12 – Chavo and Quico situated in the SSDL Grow’s axis.

# Stage Student Teacher

Qu
ico Stage 1 Dependent Authority Coach

Stage 2 Interested Motivator, guide

Ch
av

o Stage 3 Involved Facilitator
Stage 4 Self-directed Consultant, delegator

Source: Created by the author (2024).

1 Bispo Jr. et al. (2022, pp. 278-280) discussed deeper how the perception of identities can affect computing
education.
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In this direction, I want to point out some considerations what I am calling Context-free
SDL. We need to think about a set of critical questions about this: (i) Are there cognitive,
metacognitive and motivational capabilities able to transpose to learn new skills across the
lifespan? (Sheffler et al., 2022); (ii) Is it possible to think about "meta" SDL competencies
(or even capabilities) that can serve as a basis to other more contextualized SDL journeys
(similar to the perspective of upper-level ontologies (Niles; Pease, 2001))?; What is it possible
to transpose as a "meta-learning" from a SDL journey to another one? These questions touch
in a central problem concerning the last assertion about a more independent stance of Chavo
can be contextualized in new environments like a Management Information Systems (MIS)
class using a Problem-Based Learning (PBL) approach.

Compared to Chavo, I think Quico is situated in the Dependent and Interested stages
(Stages 1 and 2) from SSDL Grow’s axis. Quico refers during the interview to many situations
in which he needed to validate his "right way" of guiding his SDL activities. Quico always
validated his choices from third persons (e.g., father, superior) in these cases. I realize this
trait is a signal in two directions: (i) firstly, there is more dependency on others, leading to
a little developed autonomy (or maybe even a heteronomy); or (ii) secondly, he developed
interpersonal intelligence2 that leads him to explore more human than non-human resources.

I want to outline some considerations concerning interpersonal intelligence. Depending on
how someone usually develops their interpersonal competencies, there are more "suspicions"
(or not) related to their self-directedness. If most of someone’s interpersonal relationships
are inside their family circle, thus this person tends to be considered more dependent and,
consequently, less self-directed, being a dependent learner from SSDL perspective (see Figure
3). This remembers the three theories of life presented by Tolstoy (1894, pp. 38,39), ranging
from individual, passing by tribe (or clan, family, nation), and, finally, coming to a more
general principle of life (that encompasses all created things). From a humanistic viewpoint,
when a person transcends an individualistic perspective towards broader levels of belonging,
they embody self-directedness in its true essence.

2 Howard Gardner (Gardner; Hatch, 1989, p. 4) structured a theory of multiple intelligences, namely: (i) logical-
mathematical, (ii) linguistic, (iii) musical, (iv) spatial, (v) bodily-kinesthetic, (vi) interpersonal, and (vii)
intrapersonal.



9.2 SDL CAPABILITIES

Perceiving SDL under the lens of competencies is not an innovative approach (Patterson;

Crooks; Lunyk-Child, 2002; Morris, 2019; Colomer et al., 2021). In this direction, we can map
each stage from Knowles’ SDL model (see Section 2.2.1) as a competency to be developed.
However, it is necessary to ensure some minimal elements. Bearing in mind that competency
can be defined as the intersection of knowledge, skills, and dispositions (e.g., Kumar et al.
(2023) in Computer Science Curricula 2023 (CS2023)), it is expected to deepen each of these
dimensions for each competency.

Thus, it is not different concerning capabilities. When we decide to transpose each stage
from Knowles’ SDL model as a capability, it is also necessary to develop its minimal three
dimensions: (i) achieved functionings (or simply achievements), (ii) means (including goods and
services), and (iii) conversion factors (see Figure 9). We already know that the competencies
and capabilities approaches have similarities, but there are many distinctions between these
two concepts (Lozano et al., 2012), being necessary that we expand and rebase our way to see
competency. Thus, I call them SDL capabilities set, being composed of (i) taking the initiative,
with or without the help of others, in (ii) diagnosing their learning needs, (iii) formulating
learning goals, (iv) identifying human and material resources for learning, (v) choosing and
implementing appropriate learning strategies, and (vi) evaluating learning outcomes. These
six capabilities are interrelated and allow us to analyze Chavo and Quico’s SDL under the
Capabilities Approach (CA) lens3. I describe "taking the initiative" SDL capability in more
detail as follows from its achievements (Section 9.2.1), means (Section 9.2.2), and conversion
factors (Section 9.2.3).

9.2.1 Achievements

In an educational equity analysis, it is crucial to identify what functionings, beings and
doings (see Section 3.2.1), are already achieved by students. As the Universal Monarch of
Saint-Exupéry (1943, p. 74)4 said, "One must require from each one the duty which each one

3 It is crucial to highlight that a CA analysis tends to be strongly interrelated among the dimensions inside
the capability set. Thus, the achievements, means, and conversion factors are expected to appear several
times in all capabilities transversally.

4 The Universal Monarch is a king from one of the planets visited by the Little Prince, a classic novel written
by the French pilot Antoine de Saint-Exupéry.
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can perform". All computing educators should consider the current functioning state of their
students, seeking to understand what the following steps would be proposed for each one, not
only as a learning challenge but also as a fair learning challenge. These achieved functionings
are called Achievements (As), and I identified a list of them (Table 13) concerning "taking the
initiative" SDL capability from Chavo’s and Quico’s interviews mainly.

Table 13 – Achievement list for "taking the initiative" SDL capability from Chavo’s and Quico’s data.

# Achievement
A1 Realizing the "turning point insight".
A2 Possessing specific previous knowledge.
A3 Having a minimum volition for.
A4 Being a non-dependent learner.
A5 Dominating a foreign language.

Source: Created by the author (2024).

This is not an exhaustive list (and I am not sure if there is any chance to do it). The aim is
to enlighten and expand our vision concerning the reach that an equity analysis can embrace.
I discuss two of these achievements, A1 and A2, in more detail as follows.

9.2.1.1 Turning Point (A1)

A1 is "realizing the ’turning point’". Let us see what Chavo answered to a Interview
Question (IQ).6 unfolding question:

Me: Ok. [...] So, you are taking a course at the university. So, the professor requi-
res something of you. So, is there something different that you do because this is
a university subject, or does the strategy follow more or less in this same direc-
tion?

"It depends. It also depends on the scope that he asks us. Because, for exam-
ple, in the Accounting course, the professor asked us something that he’d never
asked people, which was related to building an application using management
things. So... for me, it was something that he didn’t give us any material for and
that, in this course, I had to research it by myself. So, I had to use a different
method. So... from the scope he gave me, I was researching the points5" (under-

5 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.4.



lined by me).

There is a critical momentum, what I am calling turning point insight, that the learner
realizes that they need to turn off the receptive (or passive) mode and turn on the active one.
This capability to "change the switch" at an appropriate time is directly related to taking the
initiative in a SDL journey. This feeling helps the learner to regulate their internal dispositions
concerning the problem-solving process, putting themselves in a more active role.

Why a computing educator should pay attention to the turning point insight? Because not
all computing students have this achievement when they enter a classroom. These students
can be required to get the turning point insight when they pursue their SDL journey. For
instance, probably, Quico does not have this achievement in a well-developed way (see Section
9.1.2). Thus, if this assertion is true, the professors who adopt active approaches must map
the development level of the turning point insight achievement in their classroom without
leaving anyone behind.

Do I, a CSE professor, need the turning point insight as a pre-requirement to develop SDL
activities in my class? If I do, I need to diagnose my class concerning this achievement and
propose a learning pathway for all students, considering that the "box distribution" (see Figure
4) usually is not well-configured for my CSE students.

9.2.1.2 Specific Previous Knowledge (A2)

A2 is "possessing specific previous knowledge". Let us see what Quico answered to an IQ.1
unfolding question:

Me: And with this programming side? Did you know anything or not? Or were you
a bit of a newbie? How was that?

"I had a foundation, so... not too much, but I’d already seen something, do you
know? I’d already seen it at other places, so... on YouTube, I’d already seen
something related to programming. I focused on one there, which was Python.
Afterward, I did a technical program at IF [Federal Institute] of Paulista. It lasted
one and a half years. I did Maintenance and Support on Informatics. So it also
had... it had programming. So, I got a larger foundation. There was this period
that I got to learn by other means, there was this IF period, and now this IS
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[Information Systems] period, isn’t it? So I’d already had there a context, even
basic, but I’d already had6".

Chavo has also computing previous knowledge. Let us what he answered about his expec-
tations concerning the program (IQ.2):

"I think I have many expectations with Management [course]. I knew I had, but I
didn’t know how it was... I’d never seen it a lot. I’d already studied the program-
ming side a little bit before. I’d already lived a bit before. So, I already knew a
little about what would happen. But so... this caught my attention a lot because I
expected that so... I don’t understand what Administration [course] is. I know that
I would need to manage something in a project, project lifecycle in some course,
but I didn’t know how it would be. So I would have to study, so... the beginnings
of Administration, Scientific Administration, and this stuff, do you know? So this
changed a lot".

Me: Yes. So, didn’t you have a clear perception, and this came during the program?

"Yes"7.

In another Chavo’s unfolding answer about how he imagines himself after graduating (IQ.3),
he mentioned his computing previous knowledge:

"I think the technical side was always something that was easier for me because
I’d already studied a bit of robotics in high school. It was something that helped
me a lot, so the technical side was very good. So the management side is coming
more now. Now, I’m getting to improve this8".

The specific previous knowledge can help students to taking a differentiated initiative
about a problem from a given domain. Thus, the depth of some initiatives depends strongly
on "starting knowledge" that a person has. This matter mainly when we refer to the assessment
process that may incur at risk to appraise the lack of initiative from the students’ achieved
results regardless where they depart from.

It is essential to highlight that both Chavo and Quico had their computing previous for-
mation during the basic education. The inclusion of Computing in basic education around the
6 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.1.
7 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.1.
8 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.2.



world may contribute to a better performance in CS programs and, consequently, reducing the
retention and dropout rates. This global phenomenon has a special chapter in Brazil’s scenario
in the latest years after the consolidation of legislation about the norms to include comput-
ing in Brazilian basic education9, promoting a better social environment to forge computing
capabilities and, as a consequence, a more equitable CSE. Ribeiro et al. (2023) presents this
national standard for school curricula.

9.2.2 Means

Means (M) are available resources that a student can have or use to promote their learning.
They include not only physical resources (e.g., laptops, other goods) but also services (e.g.,
public transport, print quota), and even living beings. The CSE students’ freedom to pursue
an expected functioning does not depend only on their achievements, needing to assess what
is the availability of means. If two students have the same set of achievements but do not
have the same availability of means, it is possible that the same capability is enjoyed by them
at different levels. I identified a list of them (Table 14) concerning "taking the initiative" SDL
capability from Chavo’s and Quico’s interviews mainly. I discuss two of these means, M1 and
M2, in more detail as follows.

Table 14 – Means list for "taking the initiative" SDL capability from Chavo’s and Quico’s data.

# Means
M1 Family’s & friends’ network.
M2 Mobility.
M3 Digital infrastructure.
Source: Created by the author (2024).

9.2.2.1 Family’s & friends’ network (M1)

M1 concerns the friends’ network. Chavo began to answer IQ.6 in this way: "I try to get in
touch with my friends. So... those who I live more together generally"10 (see Section 8.1.2).
Not having the necessary means can lead you to not pass through the "turning point" (see
A1, Section 9.2.1). As a dam gets in the inevitability of overflowing when the waters exceed
9 Available in <https://www.computacional.com.br/docs_oficiais/parecer_homologado.pdf>.
10 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.4.

https://www.computacional.com.br/docs_oficiais/parecer_homologado.pdf
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its limits, there are critical success factors for SDL. Cultivating a friends network allows you
to put "more water in this dam", increasing the necessary conditions for passing through the
turning point.

M1 refers to the family’s network, too. During the answer about the choice of his under-
graduate program (IQ.1), Quico shared:

"So... we spend time there, my dad and me, talking and so on. We saw the SiSU
[Sistema de Seleção Unificada] record, the grades... how was the situation, if it was
possible to classify or not. So, by the analysis that we did, Information Systems
was a program that was inside what I wanted, that was related to programming,
and was also possible for me to classify"11 (underlined by me).

Similarly, the family’s network can support students in their initiative taking. Depending on
which family context the student is in, they can benefit from deep and affective relationships
there, contributing to their self-esteem and self-confidence. Unfortunately, in harmful family
contexts, this environment can play the opposite role, not being a source of support and self-
fulfillment. It is important to highlight that the promotion of a supportive family context is
singular for different socioeconomic statuses (SES).

9.2.2.2 Mobility (M2)

M2 concerns the mobility of students to arrive at university. Let us see what Chavo said
during his answer about his weekly routine (IQ.5):

"So when it [my traineeship] ends at 4 pm, I leave, I get dressed literally. It’s a bit
rushed, but ok. I get dressed. So I have two options. Or I’m gonna walk because
it’s near, so it’s possible to walk without problems. I spend 20 to 25 minutes
nearly".

Me: So close.

"Not very much. Or I get on the bus. But the bus goes at 4:20 pm. So I have to
hurry up and keep my fingers crossed that it goes at 4:25 or 4:20 pm, but it’s
possible to get on without problems.

11 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.1.



So generally, that’s it. I have classes at college. When I come back, I get on the
bus to CCEN [Exact and Natural Sciences Center], and I go to my home. So... I
review the things, and I go to bed. Eating and sleeping12" (underlined by me).

Concerning this same topic, Quico answered an unfolding question in this way:

Me: How do you arrive at home? Do you go by bus?

"I go by car. I live in Tangamandapio. When the highway is not jammed, it’s nearly
22 minutes13" (underlined by me).

We can unfold three dimensions of students’ mobility to reach their educational spaces:
distance, means of transport, and financial cost. For instance, the distance between their homes
and university can raise issues concerning the duration time of displacement. How much extra
class time should I have to conduct my SDL appropriately? Suppose a CS professor ignores this
dimension and assumes that all students have the same availability of extra class time. In that
case, there is a chance to misjudge the learning commitment of some students, understanding
it as a "lack of a minimum dedication" (which could be an inequality of availability of extra
class time for them). Chavo, for example, can spend double of the time than Quico depending
on the means of transport used. To what extent should I, CS professor, consider aspects like
that in my educational equity analysis? It is a big challenge.

Related to means of transport, it can also raise safety issues for students. How safe do
I feel to carry personal assets necessary to conduct my SDL? Chavo answered an unfolding
question of IQ.12 in this way:

Me: And when you come walking, do you bring your laptop or not? Because it is
also a dilemma.

"So... so... I don’t. It’s very difficult for me to come with my laptop. So... I have
a friend who lives near here, ⟨Acapulco⟩. So he passes here sometimes. So when I
need my laptop or a ride, he always offers me. So when I’m going with my laptop,
something like that, I always go with him or then I get on the bus. But when he
gives me a ride, so... it’s better, it helps me a lot14".

It is not explicit, but it is probable that the trouble faced by Chavo is a safety issue. He lives
near the university in a neighborhood known for its high rates of criminality. He discarded the
12 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.3.
13 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.3.
14 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.9.
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idea of coming walking, limiting himself to using another means of transport for his personal
safety, presumably. Indirectly, Chavo does not dispose of all resources that he could have due
to safety problems or the impossibility of using another means of transport (e.g., a private
car). Surely, these obstacles can hamper students from taking the initiative.

Lastly, the financial cost can raise feasibility issues for students. Is there ’space’ in my
familiar budget to consider the possibility of using some means of transport, aiming to give
me more extra class time to conduct my SDL? Let us see what Chavo answered IQ.12:

"I got it. I think not... due to study... I can... I can stay with study and no work be-
cause it’s [a] Federal [university], but it’s a bit more complicated. Because... as it’s
only me and mom at home... and before my job, it was more difficult because of
the bus fares and food at college. And this... because... wanting or not, bus fares
cost a lot and food too. But so... I think that’s it. But before... Wait, I think I...
Wait a minute. Can you repeat the question, please? Because I got lost.

Me: I can. I’m asking the following: is your job essential to guarantee your studies?

Right. Ok... It would be more related to transportation and a little to food. Be-
cause, so... it’s possible to stay [without working]... it’s possible. You have to be
well-tight. For example, before I began my traineeship, what did I do? I used to do
it this way... as going to college is peaceful, with the sun still and so on... all right.
I go walking many times because it’s near, so it’s already saved one bus fare. I
would only go [from bus] in the coming back. [...] It’s possible to unfurl yourself
without, but it gets more complicated, do you know?15" (underlined by me).

It seems clear that the mobility financial cost can directly affect students’ extra class time.
Chavo does not have the same freedom to choose how to enjoy his free time, aiming to take
the initiative in his learning compared to other students with better financial terms.

9.2.3 Conversion Factors

Conversion Factors (CFs) are conditions that guarantee (or not) a student to convert M to
an expected functioning (e.g., CSE competency). We can analyze them from several levels of
perspectives, including personal, environmental, and social ones (see Section 3.2.3). I identified
a list of them (Table 15) concerning "taking the initiative" SDL capability from Chavo’s and
15 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.9.



Quico’s interviews mainly. I discuss one of these conversion factors, CF1, in more detail as
follows.

Table 15 – Conversion factors’ list for "taking the initiative" SDL capability from Chavo’s and Quico’s data.

# Conversion Factors
CF1 Role Model.
CF2 First-generation students.
CF3 Public Safety
CF4 Pandemic (sanitary crisis).

Source: Created by the author (2024).

CF1 concerns role model. Grande et al. (2018, p. 2) assert that role model is

"[...] an individual who embodies one or more desirable ways of engaging
with the discipline and/or profession. Both the role model and the emulator
can be a professional or a student, in any combination".

Role model plays a crucial function in computing engagement, signaling a concrete "way of
being" to other members of a given community of practice. During the answer about how he
imagines himself after graduating (IQ.3), Chavo shared:

"Today, many things have changed. I intend to deepen in programming: yes... but
also in the cloud area, that is something I’m studying more now, and I am interested
a lot. I am always interested in the [cyber]security area. So [these] are some areas
that I like a lot... and programming. And my expectation is to run after to develop
myself: become a junior, middle, and senior [developer], and try to be an expert in
the market, a reference. I think we always want to be a reference in that we like16"
(underlined by me).

In his mind, Chavo has a set of role models that help him to build and see himself in the future
as a computing practitioner. These role models can serve as a source of motivation for CSE
students to take the initiative in their learning. In this case, Chavo shared with us a classic
career plan route of a developer, expressing part of my understanding about his focus on skill
improvement concerning SDL goals (see Section 9.1.1).

On the other hand, Quico answered IQ.3 in this way:

"Hmm... I intend, so... from the image that I have, to be working in an area that
I like, do you know? So... it’s the first thing that comes to my mind... working on

16 See the original excerpt in Brazilian Portuguese in Appendix Section E.1.2.
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something that I like. So, deeper, maybe..., maybe... over time, if I.. in the term,
I don’t know... I don’t know, over the program... I can begin a traineeship and
see the areas inside companies related to programming, to management... that
I identify myself more. So I can follow some of them and follow my future. But
guessing... clearly, I don’t know, so: ’I’m gonna be developing for such company,
doing such thing’, do you know? It’s unclear... or I’m gonna be a project manager
in a company, do you know?

But initially, that’s it. I’m gonna be working in something that I like, in some com-
pany. In the end, I’m already gonna be with a basis and to be a professional, so...
well, with a certain experience due to the formation. So... that’s it. It’s unclear in
my mind because I don’t have any experience in this area yet, [neither] I’m not look-
ing for a traineeship. So maybe when I look for a traineeship and begin, it will be
clearer, do you know?17" (underlined by me).

His answer reveals an unclear image of his potential future in computing. I understand that
Quico also pursues skill improvement like Chavo, but it seems that he does not appropriate
himself concerning the computing "ways of being". Perhaps, Chavo has "more urgency" to
imagine himself as a professional than Quico due to SES difference between them and, con-
sequently, Chavo would need to begin his career early (and not necessarily as a voluntary and
natural professional journey)18.

There are many things to highlight about CF1, but I prefer to concentrate on some points
here. If we understand that a role model is essential, thus it is necessary to amplify our vision
for a diversity of role models. Even inside classic computing communities of practice (Wenger;

McDermott; Snyder, 2002), it is possible to identify a range of options concerning potential
computing role models. Guzdial and Tew (2006, p. 52) pointed out the importance of creating
opportunities to live in these communities from undergraduate studies:

"[...] Students in computer science classes are rarely working peripherally
with real professional software engineers in either design or development,
for example. Graduate students, on the other hand, usually are working
peripherally with academic researchers, making graduate school more like
legitimate peripheral participation.

The best that we in traditional schooling can do is to align our instruction
with the students’ perceived community of practice, i.e., the students have
to believe that what they are doing and learning will lead them toward
central roles in the communities of practice of their choosing. Certainly,

17 See the original excerpt in Brazilian Portuguese in Appendix Section E.2.2.
18 Yerdelen, Kahraman and Taş (2016), for instance, introduces the discussion about the career interest of

STEM low SES students in relation to some equity issues like gender and teaching level.



there are different communities of practice with which a single course or
degree might align, e.g., a student may take a computer science degree in
order to become a software engineer, or towards becoming an intellectual
property lawyer, or towards some other career where the student believes
that deep knowledge of computing is important".

Another relevant question concerns the relationship between role models and CSE curricula.
Are role models a key part of our curriculum? If it is, it must have intentionality to assess the
evolution of this capability. This assessment should not get restricted inside a single course, for
instance, but passing through the whole CSE program. Luckily, some students will have a good
set of role models at the end of their undergraduate studies. However, a question remains:
"What is the CSE program role (as a necessary part to form this capability in our students)?".
A transversal assessment instrument is imperative to follow up their learning journey, providing
adequate learning regulation.

Observing the specific case of Federal University of Pernambuco (UFPE) Information Sys-
tems (IS) program, Problem-Based Learning (PBL) By-Cycles Framework helps CSE students
in this direction, promoting this authentic legitimate peripheral participation through a cyclic
interaction to several stakeholders as the real client and experts from three different IS ar-
eas (Management Information Systems (MIS), Business Process Management (BPM), and
Project Planning and Management (PPM) professors). Authentic formation opportunities can
concretely improve the range of computing role models, bringing these computing professionals
to closer CSE students. One aspect to consider is that this framework, in the way that was
implemented in UFPE IS program, is more oriented to the skill improvement SDL goal, having
traits of the critical reflection (e.g., self-assessment activities like PBL-Test), but no signs of
a social emancipation perspective (see Section 2.1).

Lastly, it does not matter if Quico has Socioeconomic Status (SES) higher than Chavo in a
democratic education perspective. It is a blunder to suggest that the school community should
neglect Quico pursuing "justice" or a "fairer educational environment". The school community
(in this case, a university) should always be a partner of a CSE student, not their enemy. The
struggle for equality of learning opportunities in CEd must address and guarantee a common
curriculum for all, regardless of their social stratum. If role models are essential to form a
computing practitioner, thus every CSE student must receive equitable teaching, providing all
conditions to have these capabilities in a best-effort approach. CA lens direct our looking to
guarantee the freedom to CSE students to develop a given expected functioning if they want
to achieve it.
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9.3 RECOMMENDATIONS

RG3 was addressed by the arrangement of four guidelines and/or recommendations to help
educational stakeholders deepen this discussion in their context. I will present each one in the
next three following sections19.

9.3.1 Non-Neutrality

First, other colleagues and I structured the discussion about neutrality in CEd (Bispo Jr. et

al., 2022) from the Brazilian context, bearing in mind that it is not possible to take further
steps toward equity awareness without giving up the neutrality presupposition and assuming
a minimal set of democratic commitments, intentionalizing their teaching practice. This essay
threw light (and some provocations) on the discussion about the supposed political-pedagogic
neutrality of professors and its impacts on CSE. It presented a little of the Brazilian con-
text concerning the theme of political-pedagogic neutrality and its problematizations. It also
exposed some struggles to understand the potential implicit agenda of supposedly neutral
discourses and the importance of admitting intentionality in professor practice in CSE. This
essay still proposed a possible way to build professor identity/ies from a moderate pluralism.
We made use of some authors to contribute to the deepening of this discussion, like Freire
(1996), Skovsmose (2006), Saviani (1994), Hall (1992), and Biesta (2018).

9.3.2 LLM Equity Issues

Second, my advisors and I situated emerging equity issues from the use of Large Language
Models (LLM) in (computing) education (Bispo Jr.; Santos; Matos, 2024b), emphasizing what we
called "Prompt Literacy" and the arising of LLM divide due to the handling of metacognitive
competencies. In the second section, we presented the digital divide, listing more common
barriers to Information and Communication Technology (ICT) use, the potential mitigation
actions for the digital divide problem, and elements to signalize the subjacent structural prob-
lem as its roots. In the third section, we described LLM, presenting practical examples, as well
as showing the opportunities and challenges of its use in educational contexts. In the fourth
section, we described the arising of what we call "Prompt Literacy" redeeming the evident
19 All papers are available in full version in Appendix G.



evolution (in terms of the complexity and impact of ICT) from Web Access Literacy, passing
by Search Engine Literacy, and arriving in Prompt Literacy. Lastly, we defined LLM divide as
the gap between those with ready access to LLM tools (and the knowledge that they pro-
vide access to), and those without such access or skills. We also defined what would be an
LLM capability under the CA lens, listing the primary sources of LLM equity issues from this
perspective.

9.3.3 Equity Analysis Guidelines

In another work of my advisors and I, we proposed not only a basic discussion about
the equity aspects of the adoption of Online Laboratories in Engineering Education (OLEE)
(Bispo Jr.; Santos; Matos, 2024a), but also we listed a set of guiding questions to north an initial
equity analysis for collective decision-making in a professor collegiate. Using a storytelling
approach, we presented an Engineering Professor called Jirafales20 in his journey to adopt
OLEE in his engineering program. Hypothetical situations (but potentially real) illustrated
several equity issues that usually emerges in our teaching practice concerning access, literacy,
and social factors. For each of these dimensions, we introduced theoretical constructs about
equity from CA lens. The idea is to pave the way for an identification with equity agenda,
offering the opportunity for a professor to watch themselves as part of Jirafales’ dilemmas,
feeling his feelings and trying to sketch a practical solution for each fictitious scenario. Empathy
and theory walking together: helping each other to forge a new awareness in Engineering
Education community. Finally, we created a roadmap comprising of strategic steps (one for
each dimension) to follow when a collective educational space needs to conduct an equity
analysis. I list the four Guiding Questions (GQs) to consider equity in OLEE adoption:

1. Access Dimension

(GQ1) Are there alternatives to learning in case it is impossible to access the OLEE (e.g.,
a physical lab version)?

(GQ2) Does my student (or other essential user) have real conditions to access the OLEE
outside of university?

2. Literacy Dimension
20 Teacher Jirafales is one of the characters of Chespirito, a Mexican sitcom written by Roberto Bolaños.
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(GQ3) What are the desired skills and competencies that an undergraduate should have
to use my OLEE fully?

3. Social Dimension

(GQ4) Is any student group disadvantaged compared to others due to OLEE use?

9.3.4 IDEA in Computing Curricula

At last, in a collective writing from the Inclusion, Diversity, Equity, and Accessibility (IDEA)
working group of Special Committee of Computing Education (CEduComp) from Brazilian
Computer Society (SBC), we put this agenda inside the Brazilian computing community,
providing reflections about how to insert into computing curricula in Brazil, and incorporate
in educational practices, principles from IDEA concepts (Bispo Jr. et al., 2024). I could present
this challenge representing the IDEA working group in the Seminário dos Grandes Desafios da

Educação em Computação no Brasil (GDEC)21.

21 GDEC stands for "Big Challenges of Computing Education in Brazil Seminar" in English.
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10 CONCLUSIONS

This work investigated how Computer Science Education (CSE) students conduct their
Self-Directed Learning (SDL) in developing countries from the Capabilities Approach (CA) lens
(Main Research Question (MRQ)). Three Research Goals (RG) helped to address this question
in a qualitative approach: (i) understanding how CSE students build their SDL trajectories in
developing countries (RG1), (ii) mapping the main elements of SDL capabilities observed
in CSE students in developing countries (RG2), and (iii) recommending guidelines to (CSE)
educational stakeholders concerning how to consider effectively equity issues and active learning
from the CA lens (RG3).

To achieve RG1, I structured the perceptions of two CSE Brazilian undergraduates about
their SDL trajectories, being each one from the lowest and highest SES of their classroom,
respectively. I collected and analyzed interviews primarily to construct the understanding of
perceptions (Section 8.1) with the help of other data sources to better situate the findings.
At last, I discussed the results from the perspectives of SDL goals (Section 9.1.1) and Staged
Self-Directed Learning (SSDL) stages (Section 9.1.2), locating their SDL trajectories through
this looking.

To achieve RG2, I analyzed the results obtained in RG1, but from the CA perspective
(Section 9.2). I proposed a new concept of SDL capabilities, (i) identifying six of them from
Knowles’ process (Figure 1), and (ii) examining in detail each one from the achievements,
means, and conversion factors dimensions.

Finally, to achieve RG3, I arranged four guidelines and/or recommendations to help ed-
ucational stakeholders deepen this discussion in their context. First, other colleagues and I
structured the discussion about neutrality in Computing Education (CEd) (Bispo Jr. et al., 2022)
from the Brazilian context, bearing in mind that it is not possible to take further steps toward
equity awareness without giving up the neutrality presupposition and assuming a minimal set
of democratic commitments, intentionalizing their teaching practice. Second, my advisors and
I situated emerged equity issues from the use of Large Language Models (LLM) in (comput-
ing) education (Bispo Jr.; Santos; Matos, 2024b), emphasizing what we called "Prompt Literacy"
and the arising of LLM divide due to the handling of metacognitive competencies. At last, in
another work of my advisors and I, we proposed not only a basic discussion about the equity
aspects of the adoption of online laboratories in Engineering Education (Bispo Jr.; Santos; Matos,



2024a), but also we listed a set of guiding questions to north an initial equity analysis for
collective decision-making in a professor collegiate.

In the next sections, I present the contributions and implications of my Ph.D. journey
(Section 10.1), its limitations (Section 10.2), future directions and challenges (Section 10.3),
and, lastly, my final remarks (Section 10.4).

10.1 CONTRIBUTIONS AND IMPLICATIONS

The contributions can be divided into two groups: (i) those that originated directly from
MRQ and all RGs, and (ii) the remaining ones that originated during the Ph.D. period. This
division is necessary because the adopted thesis format is a classic monograph, and not a paper-
based thesis (Kubota et al., 2021), for example. Thus, these two kinds of contributions need
to be encompassed to highlight the research contributions and also fruits fostered by Centro

de Informática (CIn) postgraduate program or even resulting from other CEd challenges that
emerged during the Ph.D. period.

First contribution (emerged from MRQ) in the group (i) refers to the use of CA as
an equity theoretical framework in computing research, and CEd mainly. There are works
approaching CA and technological areas in a generic way (e.g., Engineering (Fernández-Baldor et

al., 2014; O’Donovan; Smith, 2020)), but not focusing on computing. The thesis as a whole, in
a monograph format, contributes to introducing this theoretical novelty. Second contribution
in the group (i) (emerged from RG2) refers to the proposition of a new concept called SDL
capabilities, providing a lens to assess equity in active learning scenarios (Bispo Jr.; Santos; Matos,
2024c). This is a contribution to the Education area in general. Third, and last, contribution
in the group (i) (emerged from RG3) refers to a pragmatic instantiation of equity discussions
in CSE (mainly in (Bispo Jr.; Santos; Matos, 2024a) but also in (Bispo Jr. et al., 2022; Bispo Jr.;

Santos; Matos, 2024b)). The proposition of a set of guiding questions to orientate an initial
equity analysis for an Engineering collective decision-making of professors serves this purpose,
provoking them not only to change their standing but also change their actions through the
following of this propositional pathway.

First contribution in group (ii) refers to all other relevant CEd publications during the
Ph.D. period (Bispo Jr.; Santos; Matos, 2024b; Bispo Jr.; Santos, 2024; Feitosa et al., 2024; Cavalcanti

et al., 2024b; Pereira et al., 2024; Melo et al., 2024; Boaventura et al., 2024; Boaventura et al., 2023;
Esmeraldo et al., 2023; Freire et al., 2023b; Freire et al., 2023a; Santos et al., 2022; Bispo Jr. et al.,
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2022; Esmeraldo et al., 2022; Bispo Jr.; Lopes; Santos, 2021; Bispo Jr.; Lopes, 2021; Bispo Jr.; Fonseca;

Santos, 2021; Bispo Jr. et al., 2020). Lastly, second contribution in group (ii) refers to other
relevant computing publications in the same period (Cavalcanti et al., 2024a; Bispo Jr., 2023;
Bispo Jr. et al., 2023; Sansil et al., 2023; Lima; Bispo Jr.; Abranches, 2022; Bispo Jr.; Morais; Falcão,
2022).

I can list two implications of this research. First, it can support the Brazilian discussion
in computing (and CEd) spaces concerning DEI agenda at more diverse levels. For example, at
a local level, Diversity Committee (CoDi) is a CIn group that discusses and fosters this agenda
in a computing college at Pernambuco State. At a national level, in CEd area, Inclusion,
Diversity, Equity, and Accessibility (IDEA) working group (Pereira et al., 2024; Melo et al., 2024)
develops this agenda inside the CEduComp from Brazilian Computer Society (SBC). Still, at
a national level, SBC created the Comission for Inclusion, Diversity, and Equity (CIDE) to
put this agenda inside the society at its higher organization level. Second, it can provide a
solid material to CEd stakeholders proposing and idealizing equity-minded syllabus (Anderson,
2023; Gama; Bruno, 2024) and/or curricula (Karimi et al., 2024) in computing programs. This
discussion is crucial not only at the Brazilian higher education level (Moro, 2022) but also at
the basic one (Falcão, 2021), bearing in mind that it is in operation, currently, a new National
Standard for School Curricula (Ribeiro et al., 2023).

10.2 LIMITATIONS

One limitation is the epistemological nature of this research. Due to the choice of qualita-
tive research as a methodological presupposition, it is not possible to make statistical gener-
alizations from my findings. However, we can make analytic generalizations (Kennedy, 1979),
signaling for future contextualizations.

Another limitation is underusing all collected data in this research, impeding the exploration
and enriching of the results to understand the phenomenon better. For instance, I interviewed
12 students altogether. Only two of them were chosen as purposeful samples, but I could
deepen my knowledge of these two by triangulating the sample findings with other students’
data.

The last limitation is the participation withdrawal during the data collection. The first
signaling came from 30 students (signing the consent form). Unfortunately, only 15 answered
the socioeconomic questionnaire, and 11 participated in interviews. Analyzing from the gender



lens, for example, three women answered the socioeconomic questionnaire, and none partic-
ipated in interviews. I get a feeling that it emerged hesitation among them (being woman
or not), maybe with a fear that their course performance could be affected depending on
what they would say to me during the research. Maybe, there was no an appropriate rapport
(Thwaites, 2017) in providing a feeling of genuine trust between interviewer (me) and potential
female interviewees.

10.3 FUTURE DIRECTIONS AND CHALLENGES

10.3.1 Future Directions

One of the future directions of this research is to investigate this phenomenon from the
perspective of other stakeholders. Equity is complex and requires a multidimensional evaluation
to guarantee more qualified information to provide a better decision. This research focuses on
the students’ watchful eyes, but it can be enriched with other fertile data sources like professors,
educational managers, and other stakeholders.

Another future work resides in the examination of collected data not yet explored properly
during the Ph.D. period. As mentioned previously (Section 10.2), it is possible to delve into
other interview transcripts or even collected documents to deepen the knowledge about this
phenomenon by triangulating the sample findings with other student data.

In Section 1.2, I mentioned that CA can help to fill some gaps during equity analysis using
only the CAPE framework. In this direction, I shimmer two exciting research directions. First,
comparing CA and CAPE equity analysis in detail, pointing out the strengths and weaknesses
of each one. Second, it is promising to merge CAPE with CA, aiming to usufruct the strengths
of the two approaches, creating a hybrid framework.

In Chapter 5, I signalized that I want to conduct reflexivity activities in a more collaborative
way from research group meetings in future research projects. Paulus, Woodside and Ziegler
(2010) present the recommendations for research reflexivity in this direction.

Brazilian educational scenarios seem to signal the use of more social approaches among
students than other scenarios in the Global North, for instance. It would be interesting to
develop a CS transnational research correlating different cultures concerning social coexistence
and their impact in their SDL. How are non-human resources explored in these scenarios? There
are many possibilities in this direction.
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Lastly, the scoping mapping review in this Ph.D. research (Chapter 4) stopped in the second
iteration. It would be crucial to CEd community to continue the snowballing approach, conduct-
ing the remaining iterations. The Secondary Research Question (SRQ) and Derived Secondary
Research Questions (DSRQ) coverage contribute significantly to mapping the broader area,
paving the way for future works.

10.3.2 Challenges

One of the challenges is continuing this research toward what is called "negative capa-
bilities" (Unterhalter, 2020). The idea of negative capability refers to situating some limits of
what is measurable and framing aspects of the education process associated with uncertainty
and public scrutiny of complexity. For example, how can we investigate when a student "gives
up" from a capability aiming to guarantee another one? There are scenarios in South Global
contexts where students usually sacrifice their well-nourishment, aiming to get money or time
to accomplish a certain kind of academic demand. Knowing better in which settings these
"trade-offs" occur in CEd matters.

Another promissory way to investigate in depth is equity in CEd under the lens of existential
analysis. Equity issues are usually related to existential adversities, leading all involved people
to reflect (and even question) the Meaning in Life (MiL) (Manco; Hamby, 2021). In some
scenarios, students intentionally sacrifice some of their capabilities on behalf of promoting
MiL like values, a sense of purpose, or even a reason to continue to live. Beyond this, it is
possible to use Durkheim’s Fatalistic Suicide Typology (Godor, 2017) better to understand CEd
dropout phenomenon, extending the MiL idea to a more specific "meaning in academic life".

10.4 MY FINAL REMARKS

These are my final remarks. I tried to be a researcher in a holistic way within my limitations
but with my best effort. I searched to be active in both serving my research community
and sharing part of my research results in several scientific venues. I tried to pursue my
Ph.D. research goals with great dedication. I think this journey report can be helpful for the
computing community in promoting education more fairly and responsibly. I did my best, and
for this reason, I am sure that I explored my available capabilities and put them in the service
of the research community. I finish this formation cycle with joy and a bit of tiredness, but



also with a sense of accomplishment.
I have a dream that, one day, equity analysis will be an integrated part of CEd formative

assessment. Computing exists because people exist. People are complex and need to be con-
sidered in a systemic approach where possible. May our common goal be for a more humanized
CEd.
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APPENDIX A – PUBLICATIONS

This section presents my publications in computing education (Section A.1) or related
areas (Section A.2). This section outlines general interests, and formative trajectories traveled
during my doctoral studies. At the end of this section, I present the list of all publications
presented here (Table 16).

A.1 WRITINGS IN COMPUTING EDUCATION

At the end of 2020, my colleagues and I published a Portuguese paper to present the
distinction between Computing Education and Informatics in Education areas (Bispo Jr. et al.,
2020). In Brazil, even among computing researchers, there is confusion about the epistemolog-
ical roots of these two areas. To highlight these knowledge frontiers, we outlined preliminary
considerations about the convergence between them, what we called Technologies in Comput-
ing Education. This paper aimed to establish a dialog between these areas, enriching potential
research emerging from this meeting. It was published in the Brazilian Journal of Computers
in Education Revista Brasileira de Informática na Educação (RBIE)1. This paper has been a
reference for authors who submit their papers on Track "Digital Technologies for the Devel-
opment of Computational Thinking and Computing Education" at the Simpósio Brasileiro de

Informática na Educação (SBIE)2 since 2020.
At the beginning of 2021, I wrote, together with some researchers, a Portuguese essay,

bringing reflections and challenges about the formation of research ethics in Computing in-
volving humans (Bispo Jr.; Fonseca; Santos, 2021). This essay approached this subject both in a
general context and the specific context of Computing. I presented this paper at the most tradi-
tional Computing Education (CEd) workshop in Brazil (Workshop de Informática na Educação

(WEI)).
In April 2021, I presented a case study discussing the impact of Peer Instruction use on a

Computer Science Education (CSE) course (Bispo Jr.; Lopes, 2021) at the Simpósio Brasileiro

de Educação em Computação (EduComp)3. I wrote this Portuguese paper in collaboration
with the pedagogue Prof. Rosemara Lopes. We were honored to be one of the best papers of

1 RBIE stands for "Brazilian Journal of Computers in Education" in English.
2 SBIE stands for "Brazilian Symposium of Informatics on Education" in English.
3 EduComp stands for "Brazilian Symposium of Computing Education" in English.



EduComp 2021. As a consequence, RBIE invited us to extend it for an English paper (Bispo

Jr.; Lopes; Santos, 2021).
In EduComp 2022, I had the opportunity to share an essay problematizing the supposed

neutrality of the computing professor (Bispo Jr. et al., 2022). I wrote this Portuguese paper in
partnership with computing and education researchers.

At the beginning of 2022, an extension paper was published in a journal called Springer
Notes in Computer Science (Santos et al., 2022). This English paper was conducted mainly by
my advisor, Prof. Simone Santos, counting on my collaboration. This work presents a diagnosis
of CSE at the Brazilian public institutions about their readiness to implement Problem-Based
Learning (PBL).

In February 2022, Conselho Nacional de Educação (CNE)4 homologated the norms to
include computing in Brazilian basic education5 as a complement to Base Nacional Comum

Curricular (BNCC)6. CNE is linked to MEC7 that helps in the regulation of Brazilian legislation
concerning Education at a national level. These norms were proposed by a working group which
I had the honor to make part of. In this working group, my team was responsible for structuring
the computing competencies appropriate for the early childhood education level8.

In May 2022, I could share a Portuguese abstract about ethnocomputing (Bispo Jr.; Morais;

Falcão, 2022) during the Simpósio Nordestino de Etnobiologia e Etnoecologia (SNEE)9. This
work was written in collaboration with two computing education researchers and described
ethnocomputing through its interest’s problems. It was so exciting to divide these concerns
into a different research community.

In July 2022, I had the opportunity to present the research results developed in Ceará state,
in the Brazilian Northeast. This paper (Esmeraldo et al., 2022) was shared at the International
Conference on Artificial Intelligence (AIED) on the Practitioner track, being the fruit of a
partnership between Federal Institute of Ceará (IFCE) and Federal University of Jataí (UFJ).
This work contributed to computing education by proposing an algorithm to help teachers to
identify at-risk students previously using genetic programming and linear regression.

In the middle of 2023, a Portuguese paper was published in Encontro Nacional de Com-

4 CNE stands for "National Council of Education (CNE)" in English.
5 Available in <https://www.computacional.com.br/docs_oficiais/parecer_homologado.pdf>.
6 BNCC stands for "Common National Curricular Basis" in English.
7 MEC stands for "Brazilian Ministry of Education" in English.
8 The full text of this BNCC complement is available in <https://www.computacional.com.br/docs_oficiais/

Tabelas-Computacao.pdf>.
9 SNEE stands for "Northeast Symposium of Ethnobiology and Ethnoecology" in English.
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putação dos Institutos Federais (ENCompIF) reporting a methodological perspective of using
question answering in programming learning (Freire et al., 2023a). This research was conducted
at IFCE primarily with my collaboration and other colleagues from Federal University of Camp-
ina Grande (UFCG) and University of Groningen. After the invitation of ENCompIF10 chairs,
we published a Portuguese extended version of this paper in Revista de Sistemas e Computação

(RSC)11 (Freire et al., 2023b), including also Bard LLM in the analysis (beyond Bidirectional
Encoder Representations from Transformers (BERT) and ChatGPT).

Still in the middle of 2023, a RBIE Portuguese paper was published presenting an ap-
proach to simplify learning through the practice of projects of computational systems in a
simulation environment (Esmeraldo et al., 2023). This paper was another collaboration with
IFCE researchers, including Prof. Edna Barros (Centro de Informática (CIn)) and other col-
leagues from Federal Institute of Sergipe (IFS) and State University of Ceará (UECE).

In September 2023, I had the privilege to share in-person part of the results of our UFJ
teaching project (Boaventura et al., 2023) in the International Conference on Interactive Collab-
orative Learning (ICL) that happened at Madrid, Spain. This work reported the experience of
integrating aspects of innovation and entrepreneurship in Introductory Programming Course
(IPC) in a Brazilian context, more specific at Goiás state. There was collaboration of UECE
and IFCE researchers, beyond of my advisor Prof. Simone Santos.

In November 2023, I participated in New Media Pedagogy (NMP) with a short presentation
about the equity issues derived from use of Large Language Models (LLM) in education. NMP is
organized by Prof. Łukasz Tomczyk of the Institute of Education at the Jagiellonian University
(Poland), funded by the Polish National Agency for Academic Exchange (NAWA). He invited
my advisors and me to submit a full paper based in the extension of the ideas of my initial
presentation. This paper was accepted and published as a Springer book chapter (Bispo Jr.;

Santos; Matos, 2024b).
In February 2024, I presented (remotely) part of the first findings of RG1 and RG2 (Bispo

Jr.; Santos; Matos, 2024c) in the 37th International Self-Directed Learning Symposium (ISDLS)
happened at Florida, The United States of America (USA). I wrote this work in partnership
with my advisors during the sandwich doctorate (interchange period) at Brunel University
London in the United Kingdom (UK).

In July 2024, International Journal of Artificial Intelligence in Education (IJAIED) published

10 ENCompIF stands for "Computing National Meeting of Federal Institutes" in English.
11 RSC stands for "Systems and Computing Journal" in English.



a paper that shows a proposal for integrating pedagogical guidelines founded on competencies
and skills by leveraging an educational recommendation system in a Brazilian case perspective
(Feitosa et al., 2024). I collaborated on this work that uses ontologies generated from teacher
and student responses, beyond ontology alignments between them, and, at last, personalized
action recommendation algorithms to minimize each student’s cognitive deficiencies.

In September 2024, a hybrid intervention applied to the Internet of Things (IoT) course
using PBL and Maker Culture was presented in the ICL (Cavalcanti et al., 2024b). I could
collaborate in this case study that assessed both the students’ learning effectiveness and
theory-practice integration of a Brazilian IoT course.

A.2 WRITINGS IN RELATED AREAS

In December 2022, the research results related to the pedagogical use of the Gather tool
during emergency remote learning at the postgraduate level were published in the Cadernos

de Linguagem e Sociedade (L&S)12 journal. This Portuguese paper (Lima; Bispo Jr.; Abranches,
2022) was the fruit of an intervention conducted by me during the course “Education and
Society” taught by Prof. Sérgio Abranches at the Federal University of Pernambuco (UFPE)
Education Center. Gather tool simulates an Role-Playing Game (RPG) world, promoting a
more immersive experience during remote learning.

Before applying to this Ph.D.. program, I published a theoretical paper on the philosophy
of informatics in education (Bispo Jr., 2019). This Portuguese paper presented two epistemo-
logical issues about the knowledge nature produced in Educational Data Mining: (i) a question
of ontological nature about the content of the obtained knowledge and (ii) a question of de-
ontological nature about the guidelines and principles adopted by education researchers, to
the detriment of the results of their research. In the end, I outlined some considerations and
guidelines as a result of the discussion of the issues raised. I presented this paper at SBIE. Four
years later, when I was already a Ph.D. student, I published an extension of this paper focusing
on equity issues, specifically (Bispo Jr., 2023). I presented this extension at the Workshop of
Equity, Diversity, and Inclusion in Education Technology Research and Development (EDI)
during AIED.

Yet in collaboration with other education researchers, I published a Portuguese paper
(Bispo Jr. et al., 2023) in RBIE journal, presenting the contrasts and convergences between
12 L&S stands for "Language & Society Booklet" in English.
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two teachers of public high schools of Pernambuco state, Brazil, concerning digital inclusion
during and after emergency remote teaching. This work arose from a final project of the same
course, “Education and Society”, taught by Prof. Sérgio Abranches. We had the opportunity
to extend this work and also publish it as a book chapter (Sansil et al., 2023).

Lastly, on release schedule in November 2024, Springer will publish the book "Online
Laboratories in Engineering and Technology Education: State of the Art and Trends for the
Future". My advisors and I had an accepted chapter in this book (Bispo Jr.; Santos; Matos,
2024a), discussing the equity aspects of the adoption of Online Laboratories in Engineering
Education (OLEE). Addressing part of RG3, we proposed a list of guiding questions to consider
equity in OLEE adoption, making it possible to adapt it for CEd in an effortless way.

Table 16 – List of publications during my Ph.D. journey.

Full Short/
Journal Conference Abstract

(Feitosa et al., 2024)
(Bispo Jr.; Santos; Matos, 2024c)
(Bispo Jr.; Santos; Matos, 2024b)*

(Cavalcanti et al., 2024a)
(Cavalcanti et al., 2024b)

(Pereira et al.,
2024)

(Boaventura et al.,
2024)

(Bispo Jr.; Santos,
2024)

(Bispo Jr. et al., 2023)
(Esmeraldo et al., 2023)

(Freire et al., 2023b)

(Bispo Jr., 2023)
(Boaventura et al., 2023)

(Freire et al., 2023a)
-

(Santos et al., 2022)
(Lima; Bispo Jr.; Abranches, 2022)

(Bispo Jr. et al., 2022)
(Esmeraldo et al., 2022)

(Bispo Jr.; Morais;
Falcão, 2022)

(Bispo Jr.; Lopes; Santos, 2021) (Bispo Jr.; Lopes, 2021)
(Bispo Jr.; Fonseca; Santos, 2021) -

(Bispo Jr. et al., 2020) - -
Chapter / Magazine

(Bispo Jr. et al., 2024), (Bispo Jr.; Santos; Matos, 2024a),
(Melo et al., 2024), (Sansil et al., 2023)

*Springer Chapter too.

Source: Created by the author (2024).
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APPENDIX B – SOCIOECONOMIC QUESTIONNAIRE

Table 17 – Socioeconomic Questionnaire (Part I).

# Question Type
1 Name Text
2 Birthdate Date
3 Enrollment Number Text
4 Semester of Admission Text

5 Sex Assigned at Birth:

(a) Male

(b) Female

(c) Intersex

(d) Prefer not do disclose

Multiple-
choice

6 Gender Identity Text
7 Sexual Orientation Text
8 Race/Ethnicity:

(a) White

(b) Yellow

(c) Brown

(d) Black

(e) Indigenous

(f) Other:___

Text

Source: Created by the author (2024).



Table 18 – Socioeconomic Questionnaire (Part II).

# Question Type
9 How many people are in your family? Numerical

10 What is your mother’s scholarship?

(a) Never studied or did not complete the 5th grade.

(b) Completed the 5th grade.

(c) Completed the 9th grade.

(d) Completed the 12th grade (high school).

(e) Completed university graduate.

Multiple-
choice

11 What is the total income of your family?

(a) Less than 2 minimum wages.

(b) Between 2 and 3 minimum wages.

(c) Between 3 and 5 minimum wages.

(d) Between 5 and 10 minimum wages.

(e) More than 10 minimum wages.

Multiple-
choice

Source: Created by the author (2024).
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APPENDIX C – SEMI-STRUCTURED SCRIPTS

Table 19 – Semi-structured script for interviews: Motivations and Aspirations.

# Reference Question
IQ.1 What led you to do this undergraduate program?
IQ.2 Was there something you expected about the program that changed after

you entered?

(a) And what did match your expectations?

IQ.3 How do you imagine yourself after graduating?
IQ.4 What led you to choose UFPE? Would you do your undergraduate pro-

gram in another place?
IQ.5 Tell me a bit more about your weekly routine:

(a) How is it your common day during the week?

(b) How are your weekends usually?

(c) How are your holidays usually?

Source: Created by the author (2024).

Table 20 – Semi-structured script for interviews: Self-Directed Learning (Part I).

# Reference Question Construct
IQ.6 Do you use any approach or strategy when you need to

study for your own account?

(a) If yes, what?

(b) Could you describe it for me in more detail?

needs, goals,
strategy

IQ.7 What do you do when you need to learn anything that
is required in the course?

needs, goals,
strategy

IQ.8 Who do you consult (or talk to) when you need to clear
your doubts or deepen your understanding of anything?

resources
(people)

IQ.9 Do you like to work in a group?

(a) If no, why?

resources
(people)

Source: Created by the author (2024).



Table 21 – Semi-structured script for interviews: Self-Directed Learning (Part II).

# Reference Question Construct
IQ.10 What do you consult (or use) when you need to clear

your doubts or deepen your understanding of anything?
resources (ob-
jects)

IQ.11 Where do you like to study when you need to study for
your own account?

(a) Is it possible to study in these places?

(b) Do you like to study at university?

(c) Do you like to study at home?

resources
(places)

IQ.12 In addition to studying, do you have a job?

(a) If yes, what?

(b) How much time does it occupy in your weekly
schedule?

(c) To guarantee your studying, is it essential you
work?

resources
(time)

IQ.13 When you study for your own account, is there anything
you want but you can not do?

(a) If yes, what?

(b) Could you describe for me how you feel in these
moments?

(c) What do you do when you are in this situation?

capability, re-
source

IQ.14 How do you know if you are in the right way (or not)
when you study for your own account?

(a) What do you do when you realize that something
is wrong?

evaluation

Source: Created by the author (2024).
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APPENDIX E – INTERVIEW EXCERPTS

This section presents the interview excerpts in Brazilian Portuguese (in their original tran-
script before translation). The excerpts used in this work (see Section 8) were translated to
English for a better reading flux. Section E.1 refers to Chavo’s interview excerpts, and Section
E.2 to Quico’s ones.

E.1 CHAVO’S INTERVIEW EXCERPTS

The original Chavo’s answers in Brazilian Portuguese concerning IQ.2, IQ.3, IQ.5, IQ.6,
IQ.8, IQ.9, IQ.10, IQ.11, IQ.12, and IQ.13 questions are presented as follows. The other
answers have not been explored in an appropriate way yet.

E.1.1 Chavo’s IQ.2 answer

"Eu acho que eu tive muita expectativa com administração. Eu sabia que tinha,

mas não sabia muito como era... eu nunca tinha visto muito. A parte de progra-

mação eu já tinha estudado um pouco antes, já tinha vivido um pouco antes.

Então eu já sabia um pouco o que iria acontecer. Mas, tipo... me chamou muito

a atenção, porque eu esperava que, tipo... eu não sei como é a administração,

eu sei que vai ter questão de gerenciar alguma coisa de projeto, ciclo de vida de

projeto em alguma cadeira, mas não sabia como seria. Aí que eu iria ter que estu-

dar, tipo... os primórdios da administração, administração científica, essas coisas,

sabe? Aí isso mudou muito".

Eu: Sim. Aí tu não tinha percepção clara e isso aí veio durante o curso?

"Isso".

E.1.2 Chavo’s IQ.3 answer

"Hoje mudou muita coisa. Eu pretendo muito me aprofundar na parte tanto de

programação, sim..., mas também na parte de nuvem, que é algo que eu estou

vendo mais agora e eu me interessei bastante. Sempre me interessei pela parte de



segurança. Então [essas] são [algumas] das áreas que eu gosto muito... e progra-

mação. Eu sempre gostei de programação. E a minha expectativa é tentar correr

atrás para tentar me desenvolver: virar [desenvolvedor] júnior, pleno, sênior, e con-

seguir me aprofundar nessas áreas que eu gosto para tentar ser um dos especialistas

no mercado, ser referência. Acho que a gente sempre quer ser referência no que a

gente gosta".

Eu: Sim, lógico. E aí, bom... a partir da resposta que você deu aí, tem principal-

mente na área de SI... tem esses dilemas daquele que ’coda’ e aquele que gere, e

tem os que são híbridos: os que curte tanto um quanto outro. Mas, assim... você

tem afinidades mais técnicas? Como é que você se enxerga assim nesse universo

aí? Porque você tem competências mil aí... em jogo aí no curso de SI [Sistemas

de Informação]. Como é que você enxerga esse negócio aí?

"Então, eu nunca fui... Foi um pouco mais difícil para mim a parte de gestão. Eu

estou conseguindo melhorar bastante e agora, principalmente agora na cadeira. Me

perdi um pouco, mas agora estou voltando... estou pegando a manha de como

que realmente a gente faz para conseguir gerir as coisas direitinho. Acho que a

parte técnica sempre foi algo que já era mais fácil para mim, porque como eu já

tinha estudado um pouco de robótica antes, no ensino médio, algo que me ajudou

muito, então a parte técnica foi muito boa. Aí a parte de gerenciar está vindo mais

agora. Agora que eu estou conseguindo melhorar ela".

E.1.3 Chavo’s IQ.5 answer

"Sim. Geralmente, a minha semana... Foi uma loucura também o que aconteceu.

Porque eu preenchi o formulário, quando eu coloquei só tinha eu e minha mãe, e

aí eu consegui entrar agora em uma empresa de tecnologia. Aí agora já mudou os

dados do formulário. Mas está tranquilo.

Aí, tipo... agora eu trabalho. Acordo de 06h00, 06h20 mais ou menos. Aí eu fico

até... assim... descanso um pouquinho, estudo, tomo café. Aí entre as 06h00 e

as 10h00. 10h00 eu começo a trabalhar. Aí para de meio-dia, volto 01h00. Aí de

01h00 até 04h00, que é o estágio que eu consegui com a Federal, aí são 6 horas.

Aí quando termina às 04h00, eu largo, eu me arrumo literalmente. É um pouquinho
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corrido, mas tranquilo. Eu me arrumo... aí eu tenho duas opções: ou eu vou

andando, porque é perto, aí dá para ir andando tranquilo, gasta mais ou menos

uns 20, 25 minutinhos.

Eu: Pertinho.

É um tempinho. Ou eu pego o ônibus. Só que o ônibus ele passa de 04h20. Aí

tem a correria de se arrumar, torcer para ele passar às 04h25 ou 04h20, mas dá

para pegar tranquilo.

Aí geralmente é isso. Tenho aula da faculdade. Quando largo, pego o ônibus no

CCN [Centro de Ciências Exatas e Naturais] e vou para casa. Aí eu só reviso as

coisas e vou dormir... comer e dormir.

A semana é mais ou menos assim. Final de semana eu só olho mais para ver as

coisas da faculdade e organizar um pouco as coisas da semana... ver se tem algum

compromisso, se precisa ir para a empresa ou se precisa ir para a faculdade para

estudar mais... essas coisas. E aproveitar. De resto, é mais isso.

Eu: E aí perguntar a tu, o estágio que tu está agora, tu entrou agora recente?

Faz quanto tempo que tu entrou?

Eu acho que faz mais ou menos umas duas semaninhas, acho que no máximo.

Essa eu acho que vai fazer duas semanas, eu acho. Faz pouquíssimo tempo que

eu entrei.

Eu: Massa. Beleza. Depois a gente volta para essa parte do... Beleza? Legal?

Tranquilo.

Eu: E aí deixa eu te perguntar. Nesse trânsito aí... nesse processo aí... de tu sair

de um lugar para o outro. Como é que gere a alimentação, comida? Como tu faz

esse processo aí?

Geralmente, eu e a minha mãe, a gente geralmente divide. Às vezes, ela faz o al-

moço. Quando ela está sem tempo, eu desenrolo. Aí a gente deixa na geladeira. Eu

sempre deixo separado a marmita às vezes. Quando eu preciso ir para a faculdade,

ir para o trabalho... já tem a comida separada. Aí quando eu sei que vou ficar em

casa, só deixo a comida congelada ali. Chegou a hora do almoço, esquentar... está

tranquilo.



Agora, o lanche... ou eu pego algumas coisas e levo... em casa, tipo macarrão,

carne, alguma coisa assim. Ou eu compro um salgado perto do CIn. Geralmente

eu faço muito isso... é mais prático".

E.1.4 Chavo’s IQ.6 answer

“Quando é algo que eu não sei realmente do que eu estou vendo, primeiro eu

pesquiso na internet, tento buscar mais a fundo se tem documentação. Eu gosto

muito de olhar documentação ou pesquisar vídeo no Youtube. E também tem

bastante coisa, tem muito material bom na internet. Aí eu, primeiro, foco nessas

duas coisas. Aí tento achar e entender como é que aquilo funciona.

Eu faço meio que assim: primeiro, eu vou tentar ler, vou tentar ver o que aquilo

é, como funciona. Por exemplo, digamos que... por exemplo, passe alguma coisa

relacionado a Banco de Dados. Aí agora a cadeira de Banco de Dados, aí ele tem

lá. . . está dando um tópico de Banco de Dados Conceitual. Eu não sei o que é

conceitual: eu pesquiso na internet, eu procuro nos sites que eu mais conheço

relacionados a tecnologia. Como tem muitos sites que aparecem de Linux, tem o

do Tech, tem no Youtube também. Aí eu pesquiso, tento estudar, aprender. Aí

depois que eu aprendo, eu geralmente eu vejo os pontos, eu coloco meio é. . . um

bloquinho com os pontos, assim, que eu aprendi, que eu coloco no computador.

Ou se o professor já disponibilizar um exemplo, o assunto, aí eu assisto pelo do

professor e depois eu pesquiso na internet para tentar dar uma revisada também.

Eu faço meio que uma mistura dos dois.

Eu: Massa, beleza. [...]. Então, você está em uma disciplina... está dentro da fa-

culdade. E aí o professor te exige algo. E aí existe alguma coisa diferente que tu

faz porque é um assunto de faculdade ou a estratégia segue mais ou menos a

mesma linha?

Depende. Depende também do escopo que ele passa para a gente. Porque, por

exemplo, na cadeira de Contabilidade, o professor passou para gente uma coisa

que ele nunca tinha passado para o pessoal, que era relacionado a fazer meio

que uma "aplicação" utilizando coisas gerenciais. Então, tipo... para mim, foi algo

que ele não tinha passado material e que, nessa cadeira, eu tive que pesquisar
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por conta própria. Aí eu tive que utilizar um método diferente. Então, tipo... a

partir do escopo que ele me deu, eu fui pesquisando os pontos. Aí, como é que

eu poderia... por exemplo, utilizando o Python, como é que eu poderia criar uma

aplicação? Aí eu pesquisei, sabe? Como ferramentas ou bibliotecas para auxiliar na

criação de telas... realmente uma aplicação em Python. Aí com isso eu conseguir

levantar o tópico de... tipo... qual seria a melhor para utilizar em questão do tempo

do projeto, se o projeto tivesse muito apertado, muito grande... [ou] se eu poderia

utilizar uma simples ou uma mais completa. Aí, geralmente, eu utilizo esse ponto

e, depois disso, depois de estudar qual o melhor ponto, eu entro mais a fundo com

o tema que o professor passou. Tipo... primeiro, eu vejo geralmente os requisitos.

No caso... nesse caso, acho que seriam os requisitos e depois eu vejo direitinho a

parte mais profundamente para planejar quando que eu vou começar a fazer ou já

começar a fazer direto".

E.1.5 Chavo’s IQ.8 answer

"Eu tento entrar em contato com os meus amigos. Assim... os que eu mais convivo

geralmente. Aí, geralmente, eu pergunto para eles: ‘Gente, vocês entenderam o

que o professor pediu?’ ou ‘Vocês entenderam tal assunto?’. Que a gente tem o

grupinho da gente, aí eu pergunto para eles.

Acho que são mais ou menos, assim... umas 7 pessoas, mais ou menos 8 pessoas.

E aí eu tento falar com o pessoal. Se eu não consigo, ou se eu não entender, eu

pergunto no outro grupo que tem do pessoal da sala, que é o do período que

a gente entrou, que é um pessoal que a gente está mais familiarizado desde o

primeiro período. Aí eu tento perguntar para eles. Aí peço ajuda ao pessoal e o

pessoa ajuda e a gente está se entendendo. E é bom, porque se tiver mais alguma

pessoa com dúvida, aí a gente até ajuda... vai um Discord, vai uma ligaçãozinha.

Aí a gente desenrola para conseguir entender o assunto. Geralmente, eu faço isso".



E.1.6 Chavo’s IQ.9 answer

"Sim. Eu sou muito tranquilo de trabalhar em grupo, consigo tranquilamente...

eu consigo me adaptar. Qualquer grupo que você conseguir me colocar, assim...

eu consigo me adaptar com o pessoal. Isso é uma coisa que para mim é de boa.

Mas, assim... eu gosto muito de fazer trabalho com o pessoal que eu já tenho

mais afinidade, porque fica mais tranquilo, porque o pessoal já conhece mais sobre

mim, sobre a minha rotina também e eu conheço também do pessoal. Aí fica

muito mais tranquilo, porque a gente já sabe, a gente conhece mais um ao outro,

então sabe... tipo... ‘Ah, vamos fazer tal parte, outro faz tal parte’. A gente decide

direitinho e fica melhor. Mas se não der, eu... Qualquer grupo, assim... com o

pessoal, que me colocar, eu consigo desenrolar. Principalmente com o pessoal do

período que a gente está, desde o primeiro. Eu tenho afinidade muito boa com

todo mundo, então qualquer grupo é tranquilo".

E.1.7 Chavo’s IQ.10 answer

"Eu já usei bastante a biblioteca física quando eu estava procurando livro de al-

goritmo. Porque livro de algoritmo? Como tinha muita coisa na internet, mas

algumas coisas específicas você não encontrava na internet ou, tipo... só encon-

trava se você pesquisasse, por exemplo, em inglês. E fosse procurando bem muito

e você conseguia achar. E tem outros que tinham em livro, aí eu achei mais fácil.

Tipo... tem principalmente livros de referência, de algoritmos e estruturas de da-

dos, acho que tem um que tem mil páginas, só que eu não lembro agora o autor,

mas sei que tem tudo ali. Aí eu pegava ele. Via se tinha na biblioteca do CCEN

[Centro de Ciências Exatas e da Natureza da UFPE]. Se não tivesse, eu baixava

ou... porque o livro é meio carinho. Aí eu dava uma desenrolada.

Mas eu gosto de usar o livro quando é um pouquinho mais difícil de encontrar na

internet ou quando tem alguma coisa muito específica que o professor fala: ’Vocês

não vão conseguir encontrar na internet’ ou vai ser mais difícil de encontrar. Aí

eu gosto de pegar um livro de referência aqui... já facilita mais as coisas.".
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E.1.8 Chavo’s IQ.11 answer

"Bom, acho que tem sim dois lugares que eu mais gosto de estudar, no meu quarto

principalmente. É porque geralmente eu fico mais por aqui, então como eu fico

em casa a maior parte sozinho, eu já estou acostumado e não tem problema. Mas

quando eu tenho que ir para a faculdade ou, por exemplo... ou no trabalho, no

escritório... dá para conseguir trabalhar de boa, dar uma revisada de boa, mas na

faculdade principalmente.

Eu estou fazendo muito isso essa semana. Vou fazer amanhã que amanhã vai ser

corrido demais. E perto da gente, do [local de aulas de] SGE ali, que é do lado

literalmente, tem uns banquinhos ali, tem tomada. Tipo... eu gosto de lá porque

lá é ventilado e, mesmo com algumas pessoas, o pessoal respeita o silêncio. É

tranquilo de estudar por ali, ou então na biblioteca. Só que a biblioteca, como fica

um pouco mais distante, eu prefiro já ficar pelo CIn mesmo por causa do Wi-Fi.

Eu: Então você consegue fazer em casa algumas coisas. E tem algo que tu faz em

casa e que não consegue fazer na faculdade, ou tem coisas que você na faculdade

e que não consegue fazer em casa, em termos de estudo... Assim?

Acho que um pouco... é um pouco. É porque é um meio termo, não é? Porque,

assim... em casa, às vezes, você procrastina um pouco. Isso acontece comigo

relativamente sempre. Aí, tipo... na faculdade, eu consigo ter um foco maior, de

verdade. Eu consigo me concentrar e ficar mais focado por mais tempo. Em casa,

eu tenho algumas distrações, mas estou trabalhando para tentar melhorar. Mas

acho que, em si, é mais isso. O ruim só é que, como eu ainda estou... o meu fone

de ouvido BlueTooth está com a bateria ruim, eu estou esperando outro chegar, e

está ruim de ver vídeo. Mas fora isso, na faculdade, quando eu estou sozinho, por

exemplo, em um cantinho estudando... eu tenho um pouco mais de foco por mais

tempo do que ficar em casa em si, porque como tem, por exemplo, WhatsApp e

tem mensagem do pessoal, muitas coisas. Então eu estou em casa, é só levantar,

ir ali e voltar. Mas, fora isso... acho que é mais isso mesmo".



E.1.9 Chavo’s IQ.12 answer

"Entendo. Acho que não... pelo estudo... Eu consigo... dá para conseguir ficar

com estudo e sem trabalhar, por causa que é Federal, mas é um pouquinho mais

complicado. Porque como é só eu e mainha em casa... e antes de eu trabalhar

ficava mais difícil por causa da passagem do ônibus e da comida na faculdade. E

isso daí, porque... querendo ou não, passagem gasta bastante e comida também.

Mas assim... eu acredito que seria mais isso. Mas é porque antes... Espera, eu

acho que eu me... Espera aí. Tu pode repetir a pergunta, por favor? Porque eu

me perdi".

Eu: Posso. Eu estou falando o seguinte, se é essencial o seu trabalho pensando na

garantia do seu estudo.

"Entendi. Certo. Pronto... Seria mais a questão do transporte e um pouco da

alimentação. Porque, assim, dá para conseguir ficar... dá. Só que você tem que

realmente ser bem apertado. Por exemplo, antes de eu começar a fazer o estágio,

o que é que eu fazia? Eu fazia muito assim... como a ida para a faculdade é

tranquilo, ainda é de dia e tal... tudo certinho. Eu vou muitas vezes andando,

porque é próximo, aí já economiza uma passagem. Eu só iria [de ônibus] na volta.

Um exemplo, assim. Então é algo que você, assim... dá para conseguir desenrolar

sem, mas fica bem mais complicado, sabe?".

Eu: E quando tu vem andando, tu vem com notebook, essas coisas ou não? Por-

que também isso é um dilema.

"Então, é... Então... eu não vinha. Muito difícil mesmo eu vir com notebook.

Assim... eu tenho um amigo meu que mora próximo, daqui de ⟨Acapulco⟩. Aí

ele vinha por aqui. Aí quando eu precisava de notebook ou precisava de carona,

ele sempre me oferece. Aí quando eu estou indo com o notebook, alguma coisa

assim, eu sempre ia com ele ou então eu pegava o busão. Mas quando ele me

dava carona, tipo... já era melhor, que já ajudava".
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E.1.10 Chavo’s IQ.13 answer

“Entendi. Isso já aconteceu comigo já no início, quando eu entrei no curso. No iní-

cio, foi na cadeira de P1 [Programação Introdutória]. E pesou mais em algoritmos.

Mas foi algoritmo, aí, que eu consegui construir uma fonte boa de lógica de progra-

mação. Que tinham algumas listas que. . . tipo... mesmo eu pesquisando, mesmo

eu lendo a questão, eu não conseguia entender, porque eu ainda não tinha... eu

não estava conseguindo entender realmente, como tu falou. Pelo ponto de falta

de... que eu não conseguia. Aí quando eu não conseguia, eu pedia muito ajuda,

eu pedia ajuda ao pessoal, principalmente do pessoal que eu já conhecia ou então

o pessoal da sala que eu tinha conhecido na época. Aí eu pedia ajuda. O pessoal,

sempre, tipo assim: "Ah, eu consigo te ajudar", tal pessoa, tipo. . . aí o pessoal

explicar ou então eu pedia para entrar no Discord para ajudar, e eu pesquisava

bastante. Então, tipo, eu ia dormir um pouquinho mais tarde, mas eu tentava

pesquisar, tentava estudar de novo para entender melhor aquilo ali que eu não

tinha conseguido”.

E.2 QUICO’S INTERVIEW EXCERPTS

The original Quico’s answers in Brazilian Portuguese concerning IQ.1, IQ.3, IQ.6, IQ.8,
IQ.9, IQ.10, and IQ.11 questions are presented as follows. The other answers have not been
explored in an appropriate way yet.

E.2.1 Quico’s IQ.1 answer

"De começo, assim... eu tentei duas vezes o ENEM. A primeira [vez], infelizmente,

não deu. A nota não foi suficiente. Aí a segunda, eu ainda estava com a mesma

mentalidade de fazer Ciência da Computação. Só que aí vi que, pela nota, ali não

ia rolar, e Sistemas da Informação a nota dava para entrar.

Aí a gente passou um tempo lá, eu e painho, conversando e tal. A gente via o

histórico do SISU, as notas... como é que tinha ficado, se ia dar para entrar ou

não. Aí, pela análise que a gente fez, Sistemas da Informação era um curso que



estava dentro do que eu queria, que era relacionado a programação, e também

dava para eu entrar.

Então, assim... esse foi o principal motivo de eu ter escolhido Sistemas da Infor-

mação. Mais assim... por abordar o que eu queria e também estar dentro ali do

que a nota permitia, entendeu? Então foi mais assim, foi esse motivo a escolha.

Eu: E essa parte de programação, tu já conhecia alguma coisa ou não? Ou tu era

meio ’zerado’? Como é que era essa ideia?

Eu tinha uma base, assim... não tão grande, mas eu já tinha visto alguma coisa,

sabe? Eu já tinha visto por fora, assim... no Youtube já tinha visto coisa relacionada

a programação já. Eu foquei em uma lá, que era Python. E depois eu fiz um curso

técnico no IF [Instituto Federal] de ⟨Tangamadápio⟩ lá. Foi um ano e meio, fiz

Manutenção e Suporte em Informática. Aí tinha também... tinha programação. Aí

já fiquei com uma base maior. Teve esse período que eu fiquei aprendendo por

fora, teve esse período do IF e agora o de Sistemas, não é? Então eu já tinha aí

já um contexto, mesmo que simples, mas que já tinha já.

[...]

Eu: Que massa. Então, assim... tu fez o IF lá de ⟨Tangamadápio⟩ e pelo menos essa ideia

de diferenciar informática de Ciência da Computação tu tinha mais ou menos em

mente? Ou não? Ou lá também não era tão claro assim?

É porque lá no do IF foi mais... foi um geralzão, entendeu? Pelo curso que eu fiz.

Tinha Programação, aí tinha Redes, tinha Manutenção de Computadores, tinha

Arquitetura de Computador, então era bem abrangente aquele curso. Aí a ideia

de diferenciar de ciência assim para...

Eu: Diferença de maneira clara não tinha?

Não tinha não".

E.2.2 Quico’s IQ.3 answer

“Rapaz... eu pretendo, assim... da imagem que eu tenho, estar trabalhando em uma

área que eu goste, não é? Então, assim... é a primeira coisa que vem na minha

cabeça, trabalhando em uma coisa que eu goste. Assim, mais profundamente,
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talvez... talvez, com o passar do tempo, se eu... no período, sei lá... sei lá, no

decorrer do curso... eu entrar em algum estágio e for vendo que tem áreas dentro

das empresas, que é relacionado à programação e à gestão, que eu me identifico

mais. Aí eu posso seguir por algumas delas e seguisse o meu futuro. Mas chutar,

assim, tão claro... eu não sei, assim: "Vou estar desenvolvendo para tal empresa,

fazendo tal coisa", entendeu? Não é tão claro assim... ou vou estar sendo gestor

de um projeto de tal empresa, entendeu?

Mas, a princípio, é isso. Estar trabalhando em alguma coisa que eu goste, em

alguma empresa. No final, eu já vou estar com uma base já e ser um profissional

assim.... bom, com uma certa excelência por causa da formação. Então é mais

isso. Não está tão claro ainda na minha cabeça, até porque eu não tenho nenhuma

experiência ainda na área, não estou procurando estágio. Então, talvez quando eu

procurar o estágio e entrasse fica mais claro, não é?"

E.2.3 Quico’s IQ.5 answer

"É, assim, eu acho que é bem... não regrado, mas é bem sempre a mesma coisa.

Como eu te falei, de manhã eu tenho, de 10h00 até 14h00 eu estou livre... Não

livre! Eu estou em casa, mas fazendo as coisas da faculdade, talvez alguma coisa

de casa.

Aí se resume bem a isso o dia, quando é normal, quando tem aula. Das 10h00 às

14h00, eu estou fazendo alguma coisa da faculdade. Aí quando chega perto das

15h00 eu estou me arrumando para vir.

Aí eu chego aqui acho que quase 14h00... 16h00, na verdade... e fico conversando

com o pessoal ali embaixo. Dá a hora da aula, a gente sobe. Aí é das 17h00 até

às 20h30 só com as aulas.

Então, meio que se resume a isso. Um dia atípico... eu acho que seria um dia sem

aula talvez. Porque para eu vir para a faculdade é mais tendo aula, entendeu?

Quando não tem aula, não tem muito por que eu vir, não é? Mas, assim... se não

tivesse aula e eu viesse para cá, seria mais, assim... para resolver alguma coisa

de projeto que demande estar todo mundo junto do grupo, entendeu? Seria mais



relacionado a isso. Mas, fora isso, é mais... eu venho para a faculdade para ter

aula normalmente.

Eu: E esse fim de dia, como é que é? Tu volta... tu chega em casa mais ou me-

nos que horas? Como é que é a vibe?

Chego mais ou menos umas 21h00. Quando eu não fico conversando aqui até

21h00, eu chego nesse horário: 21h00. Aí quando eu estou com cabeça, eu chego

em casa, sei lá... dou uma olhada na aula... eu olho alguma coisa da aula. Mas,

quando não, eu entro em chamada com o pessoal, vou jogar, ou então eu fico

assistindo alguma coisa. Então, o final do dia se resume basicamente a isso: fazer

alguma coisa da faculdade ou então entretenimento. Por exemplo, entendeu?

Eu: E tu sai de 08:30 daqui e tu chega mais ou menos umas 21h00 em casa... tu

falou, não é? Umas 21h00?

É.

Eu: Ou tu sai um pouco mais antes e chega 21h00 e tal? Como é que tu chega em

casa? Tu vai de ônibus? Como é que é o teu rolê?

Vou de carro. Eu moro lá em ⟨Tangamadápio⟩. Quando a BR não está com en-

garrafamento, é uns 22 minutos, por aí.

Eu: Mas em ⟨Tangamadápio⟩, tu mora em ⟨Tangamadápio⟩ Centro ou nos bairros ali de ⟨Tangamadápio⟩?

Eu moro no Centro, perto da UPA, tem uns prédios perto da UPA, na estrada

ali.[...] Eu já vim para cá de ônibus já. Já vim para cá de ônibus, eu demorava

acho que umas 1h40, por aí. Aí tem que sair mais cedo, não é?

Eu: E mesmo com essas integrações, ainda demora esse tempo todo?

Rapaz, demorava. Assim... é porque de lá de casa, para eu chegar na Macaxeira,

acho que era o maior percurso que tinha, porque era mais distante e tal. Aí esse

é o que comia mais tempo da minha viagem, era de lá para Macaxeira. [...] Aí

quando eu vinha de ônibus tinha esse tempo aí que eu ficava no ônibus. Mas aí...

agora que eu tirei a habilitação, estou vindo de carro mesmo.

Eu: É mais rock! Isso aí não tem nem o que falar, não é?

É bem melhor... até por questão de segurança e tal... de noite, porque você voltar

e tal. Aí e bem melhor, entendeu?
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Eu: Mas que massa. Beleza. Cara, e no final de semana tem alguma coisa típica

que acontece assim?

Normalmente, às vezes, eu fico em casa mesmo. Aí eu, sei lá... como o meu

horário, assim... para fazer exercício e tal. É meio difícil na semana. Porque eu

estou fazendo uma coisa de manhã e de tarde eu venho para cá. Aí, normalmente,

às vezes eu corro, entendeu? Ou quando eu não corro, eu fico em casa, fico jogando

com o pessoal, ou então eu saio.

Entendeu? Pronto. Esse final de semana agora eu saí, esse agora eu também vou

sair no domingo. Então, às vezes tem essas saídas que eu faço no fim de semana,

mas normalmente eu fico mais em casa. Normalmente eu fico mais em casa. Aí é

jogando ali e tal".

E.2.4 Quico’s IQ.6 answer

“Assim, dependendo do projeto, do que eu vou ter que aprender, eu vejo que nor-

malmente... assim, ... é a trilha que você tem que seguir. [...] Então, tipo, ir de

onde você começa, intermediário e mais avançado. No momento, eu procuro fazer

assim para ter um desempenho ali, um desenvolvimento melhor, entendeu? Um

fluxo melhor de desenvolvimento. Então essa é a abordagem que eu procuro fazer.

Assim, eu consigo pegar isso mais para programação. Não sei se para as matérias

em si, mas programação é assim que eu faço. Quando começo a aprender alguma

coisa, eu vou vendo ali o básico, que, normalmente, toda linguagem de progra-

mação tem sempre o básico que você tem que aprender. Aí eu vou conseguindo ir

para outras coisas, coisas mais difíceis e assim eu vou escalando, entendeu?”.

E.2.5 Quico’s IQ.8 answer

"Mas... eu tento fazer por mim mesmo. Normalmente, eu tento fazer por mim

mesmo para... Porque, assim... é uma coisa que eu estou vendo agora em... quando

eu estou trabalhando... que a gente está fazendo esses projetos e a gente tem as

equipes que a gente está participando e tal. Então, uma coisa que eu vejo muito.

Às vezes, as pessoas fazem uma coisa, uma parte do projeto, e eu não fiz. E aí



como eu não fiz, aí eu não sei aquela parte que ele fez, entendeu? Então eu tendo

a fazer por mim mesmo até onde der, para eu ter esse conhecimento, entendeu?

Porque, assim... se você não faz, você normalmente não tem. Coisa que tem que

ser prática, você tem que fazer, então não tem muito o que correr. Então eu tento

fazer por mim mesmo e não procurar outras pessoas para fazer aquilo, entendeu?

Mas aí entra aquilo, se eu não conseguir, aí eu falo com a pessoa, converso e tal.

Como é questão de grupo e tal, eu tendo fazer aquilo para eu entender melhor,

mas eu tento também envolver as pessoas para fazer aquilo junto, entendeu?".

E.2.6 Quico’s IQ.9 answer

"De [experiência] negativa é mais, assim... quando tem uma pessoa que não está,

assim... fazendo muita coisa ali e tal. Assim... normalmente acontece quando...

como está tendo o exemplo agora da disciplina de administração. A gente está

em grupos que nem todo mundo a gente conhece. Nem todo mundo do grupo a

gente conhece, no caso. Aí nesse cenário de pessoas que você não conhece e tal,

a pessoa que não faz alguma coisa, normalmente, tende a ser um ponto negativo

para mim no grupo. Entendeu?

Porque, assim... é normal. Mas aí quando tem um grupo que todo mundo se

conhece, para mim, assim... a pessoa não está fazendo muita coisa ali. Como todo

mundo se conhece, acaba não sendo uma preocupação, entendeu? Estar ali entre

a gente mesmo, entre os amigos... então não acaba sendo uma preocupação.

Eu: Há empatia também.

É, empatia... a gente às vezes entende que está passando por alguma coisa... não

sabe... [alguém] está com muita dificuldade. Então, a gente acaba relevando... eu

acabo relevando isso. Então, de ponto negativo é mais essa questão de um cenário

que eu não conheço todo mundo. Entendeu?

E positivo é justamente isso, de você estar ali entre amigos e tal e o trabalho fluir

e... não sei. É isso! De o trabalho fluir. De estar entre amigos ali... é o positivo

que eu vejo, assim... em grupo. Entendeu? É mais para esse lado".
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E.2.7 Quico’s IQ.10 answer

"Hoje, que eu consigo lembrar, são mais esses que eu falei, é mais Youtube e o

ChatGPT de vez em quando, mas eu não consigo pensar em outra coisa não que

eu utilize para aprender e tal. Acho que é mais isso mesmo. É muito voltado assim

a... Quando eu não sei no Youtube, eu vou para o Google porque as vezes é melhor

eu lendo para entender aquilo do que eu escutando alguém falar, entendeu?

E quando eu estou lendo e não entendo, aí já é o inverso, eu vou para o Youtube

para entender alguém falar, é o melhor. Aí fica meio que nisso. É bem esse o

escopo que eu estou usando na metodologia para aprender e tal... é bem mais

isso. Fica bem nesse mundo assim e tal.

Eu: Que massa. Beleza. Deixa eu te perguntar agora uma coisa sobre essa febre

aí do ChatGPT, que está bombando e tudo. Eu não tenho problema nenhum com

ele. Se você souber usar bem, está de boa... tranquilaço. Mas principalmente pelo

tipo de coisa que eu estou de olho, aprendizagem por conta própria... tem pergun-

tas que você faz no Google que o ChatGPT te dá outros nortes. E o poder dele é

maior para poder te apontar insights e outras coisas. A pergunta que eu lhe faço

é a seguinte: Quais são as perguntas mais típicas que tu costuma fazer para ele?

Que isso para mim importa.

Estou entendendo. Assim, eu acho que o que eu pergunto mais é coisa que eu tenho

que responder de atividades e tal. Então, pronto. Vamos supor, essa atividade aqui

eu tive que fazer, de GPN [Gestão de Processos de Negócio]. Eu tive que fazer

um relatório e tinha tópicos lá para eu desenvolver o relatório. Aí o que é que eu

fiz? Como ela queria que a gente pegasse em artigos, eu fui pesquisando artigos e

não estava vindo a coisa que eu queria. Aí o que é que eu fiz? Eu botei lá e pedi

para ele desenvolver um parágrafo relacionado a um tópico que tinha lá. Beleza.

Aí fiz isso, li lá, aí eu ‘Pô, beleza’. Capturei o que eu queria dali e fui ver... sem

artigo. Fui ver no Google... normal. Aí lá eu vi que batia coisas e tal, entendeu?

Então, às vezes, o que é que eu faço? Eu tenho uma pergunta lá. Às vezes eu

não conseguia achar o que eu queria no Google, [então] eu jogo lá no ChatGPT,

pergunto para ele, ele me dá um norte. Aí, beleza. Li lá, eu vou ver de novo no

Google para ver se tem a relação, entendeu? Porque pode ser que o que esteja



falando lá não é verdade, então não está relacionado. Aí é bem isso. Eu pergunto

lá o que eu preciso, vejo lá e vou dar uma lida para dar uma complementada,

entendeu?".

E.2.8 Quico’s IQ.11 answer

“Então... como eu passo um bom tempo em casa, e no período da manhã e da

tarde... é mais assim no meu quarto, reservado ali, e no computador, estudando.

Assim, é uma coisa que eu não sei que tem a ver com a questão de você aprender

sozinho, mas, quando você está ali, às vezes fica muito maçante, se você faz

aquilo todo dia, entendeu? A mesma coisa... fica muito maçante. Então, às vezes,

eu procuro... assim... eu acordo de manhã e não vou para o computador pra ver

alguma coisa. Eu fico em outro lugar da casa, fazendo qualquer outra coisa, para...

sei lá... espairecer a mente, para não ficar sempre naquela mesma coisa. Então,

mas, assim, de lugar físico que eu fico em casa, é no quarto.

E relacionado aqui à faculdade, é o GRAD, os laboratórios que têm computadores.

Então, quando eu vou precisar estudar alguma coisa, assim... não agora, mas no

começo... no primeiro e segundo período ia muito para lá, quando eu chegava. Eu

chegava, ia para o GRAD, ia fazer alguma coisa que precisava fazer de programação

e tal, das cadeiras. Então, aí era bem no início. Ou, quando eu estou em casa,

lugar físico é mais o meu quarto, e quando eu estou aqui é o GRAD.”
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APPENDIX F – PBL-SEE CHARTS

Figure 26 – Chart of Output Assessment Perspective (PBL-SEE Model) for all teams of Chavo’s and Quico’s
class.

Source: Created by the author (2024).



Figure 27 – Chart of Client Satisfaction Assessment Perspective (PBL-SEE Model) for all teams of Chavo’s
and Quico’s class.

Source: Created by the author (2024).

Figure 28 – Chart of Performance Assessment Perspective (PBL-SEE Model) for all students of Chavo’s and
Quico’s class.

Source: Created by the author (2024).
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Figure 29 – Chart of Performance Assessment Perspective (PBL-SEE Model) for all teams of Chavo’s and
Quico’s class.

Source: Created by the author (2024).

Figure 30 – Chart of Performance Assessment Perspective (PBL-SEE Model) for all students into Chavo’s
team.

Source: Created by the author (2024).



Figure 31 – Chart of Performance Assessment Perspective (PBL-SEE Model) for all students into Quico’s
team.

Source: Created by the author (2024).

Figure 32 – Chart of Content Assessment Perspective (PBL-SEE Model) for all students of Chavo’s and Quico’s
class.

Source: Created by the author (2024).



209

Figure 33 – Chart of Content Assessment Perspective (PBL-SEE Model) for all teams of Chavo’s and Quico’s
class.

Source: Created by the author (2024).

Figure 34 – Chart of Content Assessment Perspective (PBL-SEE Model) for all students into Chavo’s team.

Source: Created by the author (2024).



Figure 35 – Chart of Content Assessment Perspective (PBL-SEE Model) for all students into Quico’s team.

Source: Created by the author (2024).

Figure 36 – Chart of Process Assessment Perspective (PBL-SEE Model) for all teams of Chavo’s and Quico’s
class.

Source: Created by the author (2024).
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RESUMO
O propósito deste ensaio é lançar luzes (e algumas provocações)
à discussão sobre a suposta neutralidade político-pedagógica do
professor e seus impactos na educação superior de computação. É
apresentado um pouco do contexto brasileiro em relação à temá-
tica da neutralidade político-pedagógica e suas problematizações.
Também são expostos tanto alguns esforços em compreender as
potenciais agendas implícitas de discursos supostamente neutros,
quanto à importância de admitir uma intencionalidade na prática
docente no ensino superior de computação. O ensaio ainda pro-
põe um caminho possível para a construção da(s) identidade(s)
docente(s) a partir de um pluralismo moderado. Lançamos mão
de alguns autores para contribuir com o aprofundamento dessa
discussão como Freire [16], Skovsmose [35], Saviani [31], Hall [18]
e Biesta [3].

CCS CONCEPTS
• Social and professional topics→ Computing education.

PALAVRAS-CHAVE
neutralidade, identidade, educação, computação, aprendificação

1 INTRODUÇÃO
O professor Quincas Borba1 ministra a disciplina de
estrutura de dados. Ele é um professor responsável
e bastante dedicado. Ele se preocupa em ministrar o
conteúdo em seus devidos detalhes, mas sem cansar
demais os alunos. Ele gosta do que ensina e deseja que
os alunos vejam a importância de não apenas criar

1As histórias envolvendo o Prof. Quincas Borba são fictícias e meramente ilustrativas.
Quincas Borba é uma personagem do romancista brasileiro Machado de Assis (1839-
1908).

Fica permitido ao(s) autor(es) ou a terceiros a reprodução ou distribuição, em parte ou
no todo, domaterial extraído dessa obra, de forma verbatim, adaptada ou remixada, bem
como a criação ou produção a partir do conteúdo dessa obra, para fins não comerciais,
desde que sejam atribuídos os devidos créditos à criação original, sob os termos da
licença CC BY-NC 4.0.
EduComp’22, Abril 24-29, 2022, Feira de Santana, Bahia, Brasil (On-line)
© 2022 Copyright mantido pelo(s) autor(es). Direitos de publicação licenciados à
Sociedade Brasileira de Computação (SBC).

as estruturas de dados, mas de saber usá-las adequa-
damente. Ele apresenta cada uma delas, destacando
as suas vantagens e desvantagens. Ele faz questão de
mostrar os custos computacionais que o uso de cada
uma delas pode trazer. Há algumas que exigem demais
dos recursos de memória, mas não promovem uma
busca tão veloz; já outras, exigem pouco da memória,
mas podem levar a uma complexidade de tempomaior
em relação à busca.

Entretanto, o Prof. Quincas não está preocupado em
como essas estruturas serão usadas além dos aspec-
tos ditos “técnicos”. Ele pouco tem a dizer sobre os
aspectos sociais ou morais do uso dessas estruturas.
Eventualmente, ele pode até pontuar um caso ou outro
de maior repercussão na mídia sobre algo do gênero.
Mas ele não está preocupado em ensinar, em um ní-
vel mais profundo, esses aspectos. A bem da verdade,
não consiste apenas de ele não estar preocupado. Ele
compreende que não deve estar preocupado. Como
professor de Computação, ele acredita que deve focar
em formar o profissional com qualidade e competên-
cia e deixar para alguma outra “esfera” (e.g. família,
igreja, sociedade) a formação desses outros aspectos.

Essa é uma das muitas histórias construída pelos autores2 deste
ensaio. Mas bem que poderia ser uma história verdadeira, fazendo
os devidos ajustes à realidade. A percepção de que existe (e que deve
haver) uma neutralidade político-pedagógica é importante para a
compreensão da realidade da educação superior de computação no
Brasil.

O propósito deste ensaio é lançar luzes (e algumas provocações)
à discussão sobre a suposta neutralidade político-pedagógica do
professor e seus impactos na educação superior de computação.
Será dado um enfoque especial aos possíveis contornos da(s) identi-
dade(s) que esses docentes possam estar construindo a partir desse
conceito e às consequências potenciais na formação dos estudantes
nesse contexto. Lançamos mão de alguns autores para contribuir

2A linha de argumentação deste ensaio reflete majoritariamente a opinião do primeiro
autor, havendo orientações e/ou sugestões significativas dos demais autores.
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com o aprofundamento dessa discussão como Freire [16], Skovs-
mose [35], Saviani [31], Hall [18] e Biesta [3].

O restante do ensaio é dividido como se segue. A Seção 2 apre-
senta um pouco do contexto brasileiro em relação à temática da
neutralidade político-pedagógica e suas problematizações. Na Seção
3, são expostos tanto alguns esforços em compreender as potenciais
agendas implícitas de discursos supostamente neutros, quanto à
importância de admitir uma intencionalidade na prática docente
no ensino superior de computação. A Seção 4 propõe um caminho
possível para a construção da(s) identidade(s) docente(s) a partir
de um pluralismo moderado. Por fim, na Seção 5, as considerações
finais são elencadas, pontuando alguns desafios em relação ao tema.

2 NEUTRALIDADE POLÍTICO-PEDAGÓGICA
NO BRASIL
O Prof. Quincas começou a lecionar a sua aula sobre
árvores. Ele sabe que esse assunto é bastante impor-
tante e que costuma gerar muitas dúvidas. Por isso, ele
se esforçou para que a sua aula fosse rica de exemplos
graduais, pensando detalhadamente como apresentar
o assunto.

Entretanto, bem no meio de um exemplo crucial para
a compreensão dos alunos, um grupo de alunos bate
na porta e um deles pergunta:

- Professor, podemos apresentar as propostas da nossa
chapa aqui para a eleição do DCE3?

Então, ele responde:

- Que pena... hoje não vai ser possível. Poderia vir em
um outro momento?

O grupo de alunos não ficou muito feliz com a res-
posta, mas agradeceu pela atenção e foi embora. Ape-
sar da cordialidade do Prof. Quincas, existe algo a
mais que o incomoda em toda essa situação. Não se
refere apenas ao fato de interromper a sua aula em
um momento bastante importante. Ele não acredita
que a sala de aula seja o lugar apropriado para um
“palanque”. Ele acredita que a universidade deve ser
um lugar de aprendizagem, e não para fazer política.
Ele acredita que a sua função também é garantir que
a sala de aula seja um espaço de estudo apropriado,
livre de distrações dessa natureza.

A decisão do Prof. Quincas em não deixar que os alunos façam a
propaganda de sua chapa é influenciada certamente por diversos
fatores. Um deles é a sua compreensão sobre o que chamamos de
neutralidade político-pedagógica do professor. Para compreender
melhor essa temática dentro do contexto brasileiro, apresentamos
o movimento “Escola sem Partido”, com o propósito de conhecer
alguns elementos subjacentes na concepção de uma neutralidade
político-pedagógica na educação em computação no Brasil (Se-
ção 2.1). Logo após, problematizaremos a neutralidade político-
pedagógica, delineando um pouco mais de sua natureza e de algu-
mas consequências em sua admissão (Seção 2.2).

3Abreviação para Diretório Central de Estudantes.

2.1 Movimento “Escola sem Partido”
O sentimento político da população brasileira tem mudado nos
últimos anos. Desde as manifestações de 2013, há uma tendência à
polarização política [29], imergindo os cidadãos em um ambiente de
constante tensão e, eventualmente, de conflitos na esfera familiar e
nas redes sociais digitais.

O ambiente universitário tambémnão está à parte dessa realidade.
Dentro do cenário educacional brasileiro, mais especificamente na
formação de professores, o debate sobre o compromisso político e a
competência técnica do educador ocorre desde os anos de 1980 [25,
p. 223]. Os desdobramentos desses debates também são influencia-
dos por essa polarização como, por exemplo, nos vários projetos
de lei associados ao movimento “Escola sem Partido” (MESP) apre-
sentados ao Congresso Nacional desde o ano de 2014 [21, p. 591].
Para os adeptos desse movimento, a atuação do professor na sala
de aula não pode “promover os seus próprios interesses, opiniões,
concepções ou preferências ideológicas, religiosas, morais, políticas
e partidárias” [7]. Para apresentar o MESP, partiremos de duas fon-
tes primárias: (i) as páginas na internet mantidas pelo movimento
[22, 23]; e (ii) o Projeto de Lei nº 246/2 de 2019 da Câmara dos
Deputados [7].

Miguel Nagib [23], fundador do movimento, define oMESP como
sendo “uma iniciativa conjunta de estudantes e pais preocupados
com o grau de contaminação político-ideológica das escolas brasilei-
ras, em todos os níveis: do ensino básico ao superior”. Por meio da
própria expressão “contaminação político-ideológica”, compreende-
se que existe possivelmente uma representação idealizada, por parte
do fundador do movimento, de uma escola brasileira pura e, por
consequência, neutra.

Ainda segundo Nagib [23], o objetivo do MESP seria
“[...] dar visibilidade a um problema gravíssimo que
atinge a imensa maioria das escolas e universidades
brasileiras: a instrumentalização do ensino para fins
ideológicos, políticos e partidários. E o modo de fazê-
lo é divulgar o testemunho das vítimas, ou seja, dos
próprios alunos”.

A partir desse expediente, a página abriga vários relatos de diversos
membros da comunidade escolar (e.g. estudantes, pais) que rela-
tam os supostos abusos do exercício docente em sala de aula. Há
alguns relatos de constrangimento público provocados por docen-
tes pelo fato de apenas o discente ter um posicionamento político
não-progressista.

Entretanto, a neutralidade político-pedagógica não é admitida
explicitamente no MESP. Por sinal, Nagib [22] afirma que “pode ser
impossível eliminar totalmente a influência do fator ideológico; mas
fazer um esforço metódico para reduzir e controlar essa influência
é perfeitamente possível”. A ausência desse esforço metódico é
associada por Nagib a professores “militantes da esquerda” que
usam da neutralidade como um salvo-conduto para o exercício da
doutrinação.

A criação do MESP ocorreu em 2004 [21, p. 595] e evoluiu para a
proposição de vários projetos de lei como, por exemplo, o Projeto
de Lei nº 246/2/2019 [7]. Esse projeto visa instituir o “Programa
Escola Sem Partido” (PESP). O PESP afirma, no inciso II do Art. 1º,
que um de seus princípios é “a neutralidade política, ideológica e
religiosa do Estado”.
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Além de várias alusões sobre como deve se portar a escola e
os docentes, o PESP também trata de espaços de representações
estudantis, afirmando em seu Art. 8º que “é vedada aos grêmios es-
tudantis a promoção de atividade político-partidária”. Embora haja
alguns posicionamentos sobre o escopo de uma atividade político-
partidária (e.g. Nota do Consultor Jurídico4 - ConJur), os problemas
naturais que surgem desse artigo são (i) como será delimitado esse
escopo? e se (ii) o simples exercício de representação estudantil
não pode ser combatido e reprimido ao lançar-se mão desse instru-
mento?

É bem possível que o PESP respaldasse legalmente a decisão
do Prof. Quincas em não permitir que aquele grupo divulgasse a
sua chapa em sua aula. O que poderia ser apenas uma decisão no
aspecto da (in)conveniência ou (im)pertinência para aquela aula
em específico, essa ação poderia ser considerada até como ilegal (se
o PESP estivesse em vigor).

O motivo de apresentar o MESP e o PESP neste ensaio é que ele
representa vários elementos importantes para compreender a neu-
tralidade político-pedagógica no Brasil. Certamente, os professores
de educação superior em computação estão imersos nesse contexto
e respondem a essa realidade de forma consciente ou não.

2.2 O problema da neutralidade
político-pedagógica

A partir das agendas promovidas pelo MESP, naturalmente a dis-
cussão sobre a neutralidade vem à tona. A neutralidade é uma das
agendas defendidas pelo liberalismo. Ela é importante pois estaria
associada diretamente ao conceito de justiça. Quanto mais impar-
cial o Estado for, menos enviesado ele será [12, p. 253]. Logo, uma
das formas do estado liberal promover a justiça é pela garantia da
neutralidade como valor a ser perseguido.

É fato que a neutralidade por si só não garante a justiça so-
cial. Há várias outras questões em discussão como, por exemplo, a
desigualdade de condições dos indivíduos (que será melhor desen-
volvida na Seção 3.2). Mas o destaque importante aqui diz respeito
às consequências da necessidade de um Estado neutro. Uma dessas
consequências é que a escola, como uma das instâncias instituci-
onais do Estado, deve também ser neutra em suas ações. Assim,
a neutralidade do exercício docente estaria situada debaixo dessa
compreensão de estado liberal. Possivelmente, o Prof. Quincas está
materializando as suas ações a partir desses pressupostos.

Embora possa parecer razoável à primeira vista, esse pressuposto
esconde alguns equívocos. Um deles é a admissão de que a objetivi-
dade seria um sinônimo natural de neutralidade. Saviani [31, p. 76]
ressalta que

“Importa, pois, compreender que a questão da neutra-
lidade (ou não-neutralidade) é uma questão ideológica,
isto é, diz respeito ao caráter interessado ou não do
conhecimento, enquanto objetividade (ou não objetivi-
dade) é uma questão gnosiológica, isto é, diz respeito
à correspondência ou não do conhecimento com a
realidade à qual se refere. Por aí se pode perceber
que não existe nenhum conhecimento desinteressado;
portanto, a neutralidade é impossível. Entretanto, o

4Disponível em https://tinyurl.com/nota-conjur.

caráter sempre interessado do conhecimento não sig-
nifica a impossibilidade da objetividade”.

Dessa forma, para a pedagogia histórico-crítica, além de possível é
também necessário não confundir objetividade com neutralidade.
Para Saviani, esse foi um dos erros do Positivismo: para garantir
uma objetividade, seria supostamente necessário garantir uma neu-
tralidade. É bem possível que no julgamento do Prof. Quincas, além
da (im)pertinência momentânea da interrupção dos alunos da chapa,
a objetividade do espaço acadêmico estaria sendo afetada (ou quem
sabe até “contaminada”, como diriam os adeptos do MESP).

Assim pode-se delinear este plano de fundo tendo como matéria-
prima os elementos elencados pelo MESP: a neutralidade político-
pedagógica ancora-se em uma perspectiva liberal de Estado e em
uma herança da modernidade produzida pelo Positivismo. Há certa-
mente outros aspectos importantes nesse plano de fundo. Um deles
é o mito fundacional de um professor transmissor de conhecimento,
fiel depositário do saber puro e imaculado para os alunos que, des-
conhecendo a realidade em si, recebem passivamente essa verdade.
Paulo Freire [15, p. 57] desvelou bem os pressupostos desse mito,
nomeando-o de concepção bancária da educação.

E os equívocos promovidos pela admissão da neutralidade político-
pedagógica também estão presentes em relação aos objetos de apren-
dizagem. Como Ole Skovsmose [35, p. 40] afirma, “ações não são
neutras, elas são carregadas de valor”5. Embora objetos de aprendi-
zagem possam (e devam) ser reutilizados, não se deve ignorar que
os seus idealizadores os criaram originalmente a partir de alguns
pressupostos. Mesmo sem ter talvez uma consciência plena desses,
existem efeitos pedagógicos não-intencionais que são manifestados
através das próprias decisões tomadas durante o processo de cria-
ção do objeto de aprendizagem [17, p. 1]. Além disso, os objetos de
aprendizagem podem ser uma forma de controlar o conhecimento,
restringindo tanto a ação docente quanto a discente [4, p. 284].

Dessa forma, ao utilizar um ambiente de desenvolvimento inte-
grado (IDE6), uma linguagem de programação, um framework de
desenvolvimento, ou qualquer outro artefato mediador no ensino
de computação [6], algumas perguntas honestas deveriam ser feitas
como: (i) por que escolhi uma dada IDE ao invés de outra?; (ii) quem
se beneficia se eu escolher uma linguagem de programação em de-
trimento de outra?; (iii) a quem interessa o uso de um determinado
framework de desenvolvimento na minha disciplina?; (iv) deveria
eu utilizar um software livre nas minhas aulas? Por que eu deveria
usar? Por que não deveria usar?

Por fim, sobre a pesquisa de Educação em Computação, também
é possível constatar posicionamentos sobre os riscos de admitirmos
uma pedagogia supostamente neutra. Clear [11] afirma que

“[...] para pesquisadores no campo da educação em
computação é de vital importância confrontar os vi-
eses inerentes de um arcabouço educacional forte-
mente baseado, como normalmente é, em crenças e
práticas científicas tradicionais”7.

5Tradução dos autores do original em inglês “actions are not neutral; they are carriers
of value”.
6Do inglês Integrated Development Environment.
7Tradução dos autores do original em inglês: “[...] for researchers in the CS education
field it is vitally important to confront the inherent biases of an educational background
strongly based, as it typically is, in traditional scientific beliefs and practices”.
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A neutralidade e a objetividade estão entre essas crenças científicas
tradicionais. O que normalmente é apresentado como uma ciência
objetiva e neutra pode esconder, de uma forma sutil, um viés em
favor de grupos privilegiados. Desta forma, ela não é totalmente
neutra, mas reproduz, em uma certa medida, valores implícitos que
podem ser até estranhos ao sujeito da pesquisa. Na seção a seguir,
exploramos alguns desses possíveis valores estranhos.

3 NEUTRALIDADE E INTENCIONALIDADE
O Prof. Quincas Borba está em uma nova fase de sua
vida de professor universitário. Embora ele sofra mui-
tas pressões por publicações e produtividade acadê-
mica, ele resolveu mudar significativamente a sua
forma de ministrar as suas disciplinas. Ele quer me-
lhorar a qualidade da aprendizagem de seus alunos.

O Prof. Quincas não é considerado um mau profes-
sor pelos alunos. Ele é um excelente orador e as suas
aulas costumam prender a atenção dos seus alunos.
Mas ele percebeu que o fato de os alunos prestarem
atenção não resolvia um grande problema: os alunos
aparentemente compreendiam a sua aula, mas não
conseguiam transformar essa compreensão em uma
prática efetiva. Os alunos do Prof. Quincas tinham
muitas dificuldades na hora de programar. A sensa-
ção era de que os seus alunos não sabiam resolver os
problemas reais que envolviam estruturas de dados.

Assim, o Prof. Quincas, motivado por suas leituras
sobre aprendizagem ativa, passou a utilizar gamifica-
ção e outros elementos que promovessem uma maior
interação dos alunos em sala de aula. Ele deseja agora
criar um ambiente mais favorável para que o aluno
construa o seu próprio conhecimento.

As abordagens ativas de ensino estão bem presentes na reali-
dade de vários professores universitários de computação (e.g. [5]).
Elas costumam estar associadas com o que chamamos de ensino
pela descoberta em que os estudantes são expostos a questões e
experiências específicas de forma que eles “descubram por si mes-
mos” os conceitos esperados pelo professor [19]. O Prof. Quincas
está vivendo esse momento de transição em sua jornada docente.
Certamente esse esforço dele resultará em grandes momentos de
aprendizagem para os seus alunos.

Entretanto, diante das considerações pontuadas na seção anterior,
a admissão de uma suposta neutralidade político-pedagógica pode
esconder algumas armadilhas. Se a neutralidade é admitida por
parte do professor universitário de computação, a pergunta natural
que surge é: “Se não é o professor que traz a intencionalidade na
sua prática docente, quem a traz?”. Na Seção 3.1, é apresentada
uma possibilidade de intencionalidade que é externa ao docente
em relação às políticas de aprendizagem. Na Seção 3.2, justifica-se
a necessidade de que a origem dessa intencionalidade venha do
próprio professor universitário de computação, com o propósito de
promover equidade e justiça social.

3.1 Políticas de Aprendizagem
Diante de uma realidade em que a neutralidade político-pedagógica
é benquista, bem vista e tida até como um valor a ser perseguido,
existem alguns trabalhos sobre as políticas promovidas internacio-
nalmente na educação nos últimos anos. Em um desses trabalhos,
Gert Biesta [3] tece críticas sobre o que ele chama de políticas de
aprendizagem.

Na leitura de Biesta, há uma promoção intencional da palavra
“aprendizagem” nas políticas educacionais em âmbito internacional.
Nessas políticas, existe uma nova linguagem da aprendizagem em
curso com o propósito de promover algumas agendas que não ne-
cessariamente se alinham com os propósitos educacionais de uma
dada comunidade escolar. É mais comum vermos hoje as expressões

• “ensino e aprendizagem” (ao invés de educação);
• “facilitador da aprendizagem” (ao invés de “professor”);
• “aprendizes” (ao invés de “estudantes”); e
• “espaços/lugares de aprendizagem”
(ao invés de “escola”, ou “universidade”).

Biesta chama esse processo de “aprendificação”8. A aprendificação
seria o processo de mudar intencionalmente algumas terminolo-
gias com o propósito de deslocar a atenção de expressões como
“educação” para focar mais na expressão “aprendizagem” (e suas
derivações).

Para Biesta, a aprendificação não brota em conjunto com as
atuais políticas de aprendizagem sem um ambiente propício. As
políticas de aprendizagem emergem de um contexto favorável para
o seu surgimento. Um dos precursores dessas políticas é a adoção
de algumas teorias das aprendizagens, mais especificamente as teo-
rias construtivistas. Essas teorias evidenciaram vários problemas
existentes nos sistemas educacionais vigentes que estavam ampa-
rados em métodos de ensino tradicionais, fortemente baseados na
transmissão de conteúdos, na figura do professor como detentor do
conhecimento e como figura de autoridade e, por isso, de respei-
tabilidade. As teorias construtivistas deslocam o foco da educação
desse tipo de professor para o aluno, de forma a buscar a promoção
de uma efetiva aprendizagem. No Brasil, esse deslocamento tem
como marco histórico o Manifesto dos Pioneiros da Educação Nova
[1], de forma a promover a figura do professor como “estimulador
e orientador da aprendizagem” [32, p. 21]. É bem possível que as
leituras realizadas pelo Prof. Quincas sejam bastante influenciadas
por concepções construtivistas da educação.

Um segundo precursor dessas políticas é a crítica pós-moderna
das formas autoritárias de ensino. Uma vez que a concepção de
uma condição pós-moderna não vai admitir a credibilidade de me-
tanarrativas sólidas [14] que unifiquem (e justifiquem) os discursos
e os sentidos nesse momento em que vivemos, a ideia de um pro-
fessor que seja o detentor do conhecimento, ou até do professor
dito especialista, está em xeque continuamente. O autoritarismo
está presente, à luz desse contexto, no fato de o professor não ter
mais condições de legitimar a sua autoridade como detentor do
conhecimento, ou até mesmo da primazia do seu conhecimento em
relação ao conhecimento já obtido e existente na vida e história
dos alunos. Como não há credibilidade em qualquer metanarrativa
(inclusive aquelas que possam justificar a figura do professor como

8Tradução dos autores do original em inglês learnification.
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central na sala de aula), o professor não está mais em condições de
se comportar como especialista, ou como autoridade maior em ma-
téria de verdade. A verdade compartilhada é situacional, de validade
curta, e restrita a recortes tão pequenos como a simples opinião
de um dos indivíduos do ambiente escolar. Não é possível mais
fincar a verdade como estacas, pois estamos vivendo em momento
de “modernidade líquida”, nas palavras de Zygmunt Bauman [2].

Existem vários outros precursores pontuados por Biesta para fa-
vorecer o surgimento da aprendificação. Mas para a nossa discussão
aqui, uma consequência importante dessa política é o fato de que
“aprendizagem” geralmente denota um processo ou uma atividade.
Biesta [3, pp. 245, 246] continua desenvolvendo a ideia, afirmando
que

“Isso significa, entretanto, que a palavra ‘aprendiza-
gem’, em si mesma é neutra ou vazia em relação ao
conteúdo, direção e propósito. Sugere que a aprendi-
zagem é boa e desejável - e por isso sugere que é algo
que deve perpassar a vida de alguém ou que deve ser
promovida nas escolas - por isso não significa nada
na verdade até ser especificado qual é o conteúdo da
aprendizagem e, mais importante, até ser especificado
qual é o propósito da aprendizagem”9 (grifos do au-
tor)10.

Logo, o processo de aprendificação pode ser uma forma camuflada
de promoção de uma suposta neutralidade político-pedagógica. Ao
focar mais em termos como ‘aprendizagem’ ao invés de ‘educação’,
podemos perder de vista aspectos bastante caros como o propósito
da aprendizagem. Retomando e parafraseando a pergunta da seção
anterior: (i) A quem serve e a quem interessa o teu ensino de com-
putação? (ii) A quem serve esse deslocamento de ‘educação’ para
‘aprendizagem’?

A discussão sobre as políticas de aprendizagem e o processo de
aprendificação, colocada aqui neste ensaio, não tem o propósito
de “demonizar” ou mesmo desvalorizar a importância da revolução
educacional promovida pelas teorias de cunho construtivistas. Não
há interesse algum em realizar uma “caça às bruxas” a todos os
professores universitários de computação que utilizem largamente
a expressão “aprendizagem” e suas derivações. O real motivo dessa
discussão é reafirmar que o conhecimento tem um caráter inte-
ressado (conforme mencionado por Saviani na Seção 2.2). Esses
interesses estão em constante fluxo, sendo validados, ignorados
ou rejeitados por uma gama diversa de atores sociais como o pró-
prio governo, a iniciativa privada, a sociedade civil organizada,
instituições religiosas e partidárias, etc.

Pode ser que o Prof. Quincas, de uma maneira honesta e sincera,
encare essas perguntas e, ao final, realize as mesmas mudanças
em sua prática docente que anteriormente ele já estava disposto
a fazer. Mesmo se esse cenário vier a ocorrer, podemos dizer que
o Prof. Quincas de agora, após a reflexão sobre essas questões,
está pedagogicamente mais apropriado do que antes. Agora, a sua
9Tradução nossa do original em inglês “This means, however, that the word ‘leaning’ is
in itself neutral or empty with regard to content, direction and purpose. To suggest that
learning is good or desirable - and thus to suggest that it is something that should go on
throughout one’s life or that should be promoted in schools - does therefor not really mean
anything until it is specified what the content of the learning is and, more importantly,
until it is specified what the purpose of the learning is”.
10Utilizamos a expressão “grifos do autor(a)” para designar os grifos realizados origi-
nalmente pelo(a) autor(a) da citação.

intencionalidade pedagógica é mais abrangente e contempla mais
aspectos do que antes.

É certo que essa reflexão do próprio professor sobre a sua inten-
cionalidade não é a única força determinante. O professor universi-
tário de computação, como todo professor, lida com um ecossistema
de forças que atuam, moldam e afetam a sua realidade educacional.
Refletir e agir dentro da realidade possível e do que está ao alcance
é essencial ao fazer docente. Nessa direção, Freire [16] afirma:

“O que se coloca à educadora ou o educador democrá-
tico, consciente da impossibilidade da neutralidade da
educação, é forjar em si um saber especial, que jamais
deve abandonar, saber que motiva e sustenta sua luta:
se a educação não pode tudo, alguma coisa fundamen-
tal a educação pode. Se a educação não é a chave das
transformações sociais, não é também simplesmente
reprodutora da ideologia dominante. O que quero di-
zer é que a educação nem é uma força imbatível a
serviço da transformação da sociedade, porque assim
eu queira, nem tampouco é a perpetuação do ‘status
quo’ porque o dominante o decrete. O educador e a
educadora críticos não podem pensar que, a partir do
curso que coordenam ou do seminário que lideram,
podem transformar o país. Mas podem demonstrar
que é possível mudar. E isto reforça nele ou nela a
importância de sua tarefa político-pedagógica” (grifos
do autor).

Pensar na complexidade dessas forças e na nossa aparente pe-
quenez diante desse todo ecossistema não é uma tarefa fácil. As
questões levantadas aqui sobre a aprendificação, por exemplo, mos-
tram algumas dessas várias facetas desse ecossistema. Entretanto,
Freire [16] ainda reforça, nessa direção, e afirma que

“A professora democrática, coerente, competente, que
testemunha seu gosto de vida, sua esperança nomundo
melhor, que atesta sua capacidade de luta, seu respeito
às diferenças, sabe cada vez mais o valor que tem para
a modificação da realidade, a maneira consistente com
que vive sua presença no mundo, de que sua experiên-
cia na escola é apenas ummomento, mas ummomento
importante que precisa de ser autenticamente vivido”.

Diante dessas potenciais intencionalidades apresentadas por Bi-
esta, e dos desafios apresentados por Freire, uma educação em
computação com intencionalidade explícita é necessária. Na seção
a seguir, apresentamos a promoção da justiça social na educação
em computação.

3.2 Promoção da justiça social na Educação em
Computação

Considerando o problema da neutralidade apresentado anterior-
mente, um risco existente é a defesa de uma educação supostamente
baseada na ausência de uma intencionalidade político-pedagógica.
Essa suposição conflita com a ideia de promover uma educação
que combata explicitamente as injustiças permeadas e reproduzidas
em nossa sociedade, favorecendo a uma falsa impressão de que é
possível educar de forma neutra e desinteressada. Essas discussões
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também estão presentes na Educação em Computação, estabele-
cendo a promoção da justiça social como um valor necessário e
desejável.

Uma das questões emergentes na Educação em Computação
refere-se à diversidade [8, p. 19:2]. Diferenças existentes dentro
de uma sala de aula podem existir em variadas dimensões. As di-
ferenças podem ser uma fonte de riqueza e beleza em um espaço
escolar. Mas costuma ser também uma fonte de tensões, podendo
gerar conflitos. Esses conflitos estão associados diretamente com a
existência de privilégios oriundos dessas diferenças.

Segundo Parker e Guzdial [26, p. 1], o privilégio é “uma vantagem
não conquistada, e nem solicitada, obtida pela forma em que a soci-
edade enxerga um aspecto da identidade do estudante, como raça,
etnia, gênero, nível socioeconômico e idioma”11. O Instituto Brasi-
leiro de Geografia e Estatística (IBGE) realizou em 2018 a Pesquisa
Nacional por Amostra de Domicílios Contínua (PNAD Contínua),
referente ao tema Tecnologia da Informação e Comunicação. Essa
pesquisa revelou que um em cada quatro brasileiros não tem acesso
à internet12. Se admitirmos que uma fração desses brasileiros, que
não tem acesso à internet, fosse formada por estudantes em um
curso superior de Computação, qual seria o impacto dessa realidade
na qualidade de sua formação? Qual seria a diferença de qualidade
de formação desses estudantes em relação aos demais? É em cená-
rios como esses que as diferenças convertem-se em privilégios para
determinados estratos sociais da comunidade escolar, por exemplo.

A compreensão de que há uma desigualdade nas condições em
que os estudantes se encontram é fundamental para a promoção
da justiça social na Educação em Computação. A percepção dessa
realidade permite que o docente reorganize as suas prioridades
e construa um quadro mais honesto dos problemas emergentes
oriundos da diversidade de sua comunidade escolar. Dessa forma,
ao compreender mais claramente a natureza dessa diversidade, é
possível que condições mais justas no acesso à educação possam
ser perseguidas e haja, como consequência, um usufruto real da
riqueza e beleza das diferenças existentes dentro da comunidade
escolar.

Alguns conceitos são importantes quando nos referimos às desi-
gualdades de oportunidades na educação. Lewis et al. [20, p. 482]
afirmam que

“Igualdade refere-se à situação em que se tem ou es-
tão alocadas as mesmas coisas em um mesmo grau,
enquanto que equidade tipicamente se refere a ter
acesso ao que é necessário. [...] No geral, [...] equidade,
e não igualdade, define oportunidades de aprendiza-
gens iguais e justas”13 (grifos nossos)14.

Um caminho interessante para compreender os dois conceitos é por
meio da ilustração criada pelo artista Angus Maguire (Figura 1). A

11Tradução nossa do original em inglês “an unearned, unasked-for advantage gained
because of the way society views an aspect of a student’s identity, such as race, ethnicity,
gender, socioeconomic status, and language”.
12Notícia publicada pela Agência Brasil (29/04/2020). Disponível em https://tinyurl.
com/ag-brasil.
13Tradução nossa do original em inglês “Equality refers to the state where everyone
has or is allocated the same things in the same degree, whereas equity typically refers to
having access to what is needed. [...] In general, [...] equity, and not equality, defines fair
and just learning opportunities”.
14Utilizamos a expressão “grifos nossos” para designar os grifos adicionais realizados
pelos autores deste ensaio.

igualdade nas condições não necessariamente garante a igualdade
real de oportunidades. Para que todos possam ter a oportunidade
real de assistir à partida, é necessário que haja um tratamento
diferenciado e intencional. A neutralidade político-pedagógica pode
estar associada à igualdade, mas não costuma estar associada à
equidade.

Figura 1: Imagem ilustrativa sobre a diferença entre igual-
dade e equidade 15.

Esse é um dos motivos para que Vakil [38] propusesse uma abor-
dagem engajada para a Educação em Computação. Adotar uma
postura de neutralidade político-pedagógica em uma realidade desi-
gual é contribuir, por omissão e por reprodução, para a permanência
dessas desigualdades na sociedade. Em última instância, é necessá-
rio que o docente compreenda a extensão do impacto da sua ação
(conforme mencionado na seção anterior) e aja em direção a essas
desigualdades.

Entretanto, para que seja admissível um possível engajamento
do professor universitário de computação, na direção apontada
por Vakil, seria necessário que ele percebesse a impossibilidade de
uma neutralidade político-pedagógica. Assim, um passo anterior
e crucial para a promoção de uma abordagem centrada na justiça
social seria a compreensão do fenômeno que forja uma identidade
docente alinhada (ou simpática) com a suposta neutralidade político-
pedagógica. Identidade essa que possivelmente seja fragmentada,
composta por várias sub-identidades por vezes “contraditórias ou
não-resolvidas” [18, p. 12]. Continuamos essa discussão em mais
detalhes na próxima seção.

4 IDENTIDADE(S) E PLURALISMO
O Prof. Quincas Borba está muito feliz com o uso das
abordagens ativas. Ele percebe que há um maior entu-
siasmo na turma de uma forma geral. Muitos alunos
gostam de ir e participar de suas aulas. Ele percebeu

15Essa imagem foi adaptada para o português a partir da ilustração original criada
pelo artista Angus Maguire disponível em seu portfólio: http://madewithangus.com/
portfolio/equality-vs-equity/.
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também que muitos alunos seus conseguem resolver
problemas reais envolvendo estruturas de dados, de
forma que a proporção de alunos competentes para
isso agora é maior do que antes, quando ele utilizava
mais fortemente aulas no formato expositivo. Os alu-
nos reclamam da maior carga de atividades que agora
eles precisam fazer, mas, de uma forma geral, eles
aprovam as mudanças feitas por ele.
Entretanto, o Prof. Quincas está incomodado com uma
realidade específica dentro de sua turma. Existe um
grupo de alunos que não está se adaptando bem com
essa nova abordagem. Dentre esses alunos, dois são
de especial interesse: Lindoia e Brás. Lindoia é uma
estudante alegre, e parece demonstrar um certo in-
teresse em seus estudos. Entretanto, é um pouco in-
trovertida. Ela entrou no curso de Computação pela
política de cotas como indígena. Brás é aquele que
demonstra claramente o seu desejo de aprender pela
sua expressão facial. Tem um sorriso fácil e parece
ser bastante cordial. Ele realiza as atividades em sala
sempre acompanhado de sua fiel companheira Capitu,
sua intérprete de libras. Ele é surdo-mudo.
O Prof. Quincas encontra-se em uma realidade bas-
tante difícil e desafiadora. As metodologias ativas uti-
lizadas por ele exigem um certo dinamismo na condu-
ção das atividades. Um certo ritmo é necessário para
que os momentos de discussão em grupo, alternados
com os momentos individuais e de gamificação cum-
pram a função de envolver os alunos em um ambiente
propício e estimulador da aprendizagem. Entretanto,
tanto Lindoia quanto Brás sentem bastante dificulda-
des em participar ativamente das atividades. Devido
à própria realidade de ambos, a fluidez da linguagem
não é realizada a contento, pois Lindoia e Brás não têm
a língua portuguesa como língua nativa e sim como
segunda língua. Dessa forma, nas atividades em que
Lindoia e Brás participam, eles sempre ficam atrás do
fluxo sugerido pelo Prof. Quincas. Eles se esforçam em
acompanhar as atividades. Lindoia realiza um esforço
cognitivo maior em conviver em um espaço educacio-
nal em que todo mundo não fala guarani16. Brás fica
na torcida para que o esforço e a dedicação de Capitu
consiga, de forma mais rápida possível, compreender
o conteúdo das falas dos colegas e do Prof. Quincas, e
fazer a interpretação em libras para ele (e vice-versa).
Como a dinâmica perde parte do seu dinamismo em
cenários como esse, o Prof. Quincas também percebe
que não há uma disposição natural dos demais alunos
em querer participar dos grupos quando Lindoia e
Brás estão presentes.

O Prof. Quincas encara mais um desafio em sua jornada docente.
Embora ele tenha sido contratado para ensinar estruturas de da-
dos, a realidade do ensino de computação no Brasil trouxe para
ele questões das quais ele não tinha sido preparado formalmente

16Língua indígena do sul da América do Sul falada pelos povos de etnia tupi-guarani.

para isso. A complexidade dessa realidade traz mais algumas per-
guntas importantes como, por exemplo, (i) devo abrir mão de um
aprofundamento de conteúdo em prol da inclusão de alguns poucos
estudantes de minha sala de aula? (ii) estaria eu sendo democrático
ao prejudicar a qualidade e a profundidade do meu ensino para a
maioria em prol de uma pequena minoria? (iii) como deveria eu in-
tencionalizar as minhas ações em sala de aula a partir de realidades
como a de Lindoia e Brás? Algumas luzes são apresentadas na Seção
4.1 em que discutiremos um pouco mais sobre a(s) identidade(s)
e seus impactos em um ambiente democrático. Por fim, na Seção
4.2, apresentamos um caminho para que professor universitário de
computação conduza uma prática docente democrática por meio
de um pluralismo moderado.

4.1 Identidade(s) e Democracia
Diante do que foi exposto nas seções anteriores, um dos passos
importantes é compreender melhor como a identidade do professor
universitário de computação é construída emmeio a esse cenário de
privilégios presentes em nossa sociedade. A questão da identidade
na Educação em Computação é pouco teorizada [38, p. 33], princi-
palmente a identidade do professor universitário de computação.
Vários trabalhos desenvolvem a temática da identidade docente na
educação em computação no Brasil. Esses trabalhos envolvem tanto
a formação dos licenciandos em computação quanto a educação
em computação no nível básico [9, 13, 30, 34]. Fora da realidade
brasileira, os trabalhos de Sepehr Vakil [38–40] desenvolvem a te-
mática de uma forma mais geral, havendo também trabalhos na
identidade do docente na educação básica (e.g. [24]). Entretanto a
identidade do professor universitário de computação é o recorte
mais específico dessa seção, com o olhar mais direcionado para a
realidade brasileira.

Um dos pontos de partida para desenvolver essa discussão é a
promoção de uma identidade docente democrática. Discutir a partir
de uma identidade centrada na ideia de democracia não é uma
tarefa fácil, pois a democracia não é um conceito dado e estático.
A democracia é um conceito que está em jogo constantemente,
sendo utilizado e instrumentalizado a partir dos interesses e das
intenções de quem lança mão dele. A democracia é um conceito
histórico, situado e vivenciado de forma significativa e singular em
um dado período, em um dado contexto geográfico e por um certo
grupo de pessoas. Assim, o conceito de democracia é fruto de uma
disputa, como se a sociedade constantemente estivesse em um cabo
de guerra, só que em uma corda estrelada de várias pontas, em que
vários grupos sociais influem e afetam a interpretação dominante
do conceito.

É necessário fazer essa consideração, pois o conceito de demo-
cracia vigente do Prof. Quincas irá desencadear nas respostas dele
às perguntas levantadas no início dessa seção. A forma como ele
compreende a atual política de inclusão (por meio de cotas), que é
fortemente responsável pela presença de pessoas como Lindoia e
Brás no ensino superior de computação no Brasil, determinará a
natureza e a direção de suas ações na universidade, inclusive em sua
sala de aula. Se a lógica de avaliação do Prof. Quincas privilegiar
mais a excelência da formação do que a regulação das aprendiza-
gens [28], pode ser que ele, indiretamente, guie as ações em sala de
aula mais na direção de uma perspectiva seletiva do que na direção
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de uma perspectiva inclusiva. A perspectiva inclusiva pode forçar,
naturalmente, a negação do aprofundamento de certos conteúdos
para a maioria em prol da equidade no acesso de formação para
todos os estudantes, incluindo Lindoia e Brás. Ao relembrar da
Figura 1, podemos levantar a pergunta: não seria uma ação equi-
tativamente ponderada do Prof. Quincas o investimento de mais
energia e mais tempo no seu preparo na formação de alunos como
Lindoia e Brás em relação ao restante da turma? Para construir
uma identidade democrática mais robusta, é necessário compre-
ender quais são as narrativas predominantes na compreensão do
próprio docente sobre os problemas referentes a equidade e diversi-
dade. Essas narrativas podem (des)legitimar posturas docentes que
favorecem à manutenção de condições desiguais na comunidade
escolar.

É bem possível que você, leitor, já deva ter percebido que este
ensaio tem bastante intencionalidade. A escolha dos exemplos, a
escolha das citações, a ordem de apresentação de alguns argumentos,
a natureza e a preferência por alguns argumentos, as perguntas
disparadas, as provocações colocadas: em todos esses aspectos, há
intencionalidade na construção deste ensaio. Não há neutralidade
político-pedagógica neste ensaio. Mas acreditamos que é possível
que o leitor também perceba o esforço em trazer um certo nível de
objetividade em toda essa discussão. Todo o conhecimento tem um
caráter interessado e, simultaneamente, tem um caráter objetivo,
gnosiológico (retomando novamente a citação de Saviani na Seção
2.2).

Continuando a discussão sobre a compreensão da identidade do
professor universitário de computação, algumas pontuações im-
portantes foram feitas por Tedre et al. [37, p. 127]. A compreensão
deles é que “o trabalho científico é frequentemente pensado como
uma pesquisa pura, e os frutos dessa pesquisa são aplicadas à tec-
nologia”17 [37, p. 127]. Assim, existe uma identidade “esperada” a
partir da área de atuação do docente dentro da Ciência da Compu-
tação. Eles ainda afirmam que “o paradigma positivista é a visão
dominante da Ciência da Computação”18 [37, p. 128], o que pode
levar a um determinismo tecnológico, possibilitando uma admissão
de neutralidade na produção tecnológica. Entretanto, essa perspec-
tiva entra em conflito com a natureza real da produção científica e
tecnológica, pois como continua Tedre et al. [37, p. 129]

“A ciência não é construída pelos cientistas apenas,
mas é negociada entre vários agentes. Os sistemas tec-
nológicos são socialmente produzidos, e a produção
social é culturalmente informada”19.

Assim como a democracia é um conceito que está em constante
disputa na sociedade, o propósito e a finalidade da Ciência da Com-
putação também estão, pois é resultado de uma construção social (e
não uma definição formal apenas). O estabelecimento das priorida-
des curriculares, por exemplo, reflete naturalmente essa disputa do
‘para quê’ e ‘para quem’ a computação existe no ensino superior.

17Tradução nossa do original em inglês “scientific work is often thought of as pure
research, and the fruits of this research are applied to technology”.
18Tradução nossa do original em inglês “the positivist paradigm is the dominant view
of CS [Computer Science]”.
19Tradução nossa do original em inglês “Science is not constructed by scientists alone,
but is negotiated among several agents. Technological systems are socially produced, and
social production is culturally informed”.

Para finalizar essas considerações sobre a identidade do professor
universitário de computação, serão apresentadas algumas contri-
buições promovidas por Stuart Hall [18] sobre a identidade a partir
de uma condição pós-moderna. Hall apresenta as tensões existentes
com o rompimento de parâmetros identitários propostos no Ilumi-
nismo e reconfigurados historicamente até os dias de hoje. O autor
apresenta três concepções de identidade: o sujeito do Iluminismo,
o sujeito sociológico e o sujeito pós-moderno.

A concepção do sujeito do Iluminismo tem características mais
individualistas e é predominantemente estática ao longo do tempo.
A identidade do sujeito sociológico não reside apenas na sua in-
terioridade, mas na interação do self com a sociedade, em toda a
sua complexidade. Dessa forma, a identidade do sujeito sociológico,
embora estável, é mais dinâmica, tecendo relações entre o sujeito
e a estrutura que o circunda. Por fim, a identidade do sujeito pós-
moderno rompe com a estabilidade descrita nas outras concepções.
A construção da identidade pós-moderna tem como marca uma
estrutura fragmentada, composta de várias sub-identidades que são,
por vezes, até contraditórias. Afirma Hall [18, p. 13] que “o sujeito
[pós-moderno] assume identidades diferentes em diferentes momentos,
identidades que não são unificadas ao redor de um ‘eu’ coerente”.

Por que é importante compreender a condição pós-moderna em
que vivemos hoje para refletir sobre a identidade docente no en-
sino superior de computação? Conforme mencionado de passagem
na Seção 3.1, a admissão de que estamos vivendo imersos em um
contexto que favorece a descredibilidade de metanarrativas sólidas,
promove um ambiente mais propício para “identidades líquidas”
ou para um mosaico fragmentado da identidade (ou identidades)
presente em um mesmo indivíduo. É possível que o professor uni-
versitário de computação, na perspectiva de Hall, não tenha apenas
uma identidade docente, mas várias identidades coexistindo dentro
dele, de forma que cada uma delas são disparadas dependendo do
contexto e do espaço em que ele vivencie.

Logo é possível, a partir dessa leitura, que a identidade do Prof.
Quincas dentro de uma reunião do conselho universitário seja não
apenas diferente, mas oposta, e até contraditória, em relação à sua
identidade como docente dentro da sala de aula ministrando a dis-
ciplina de estrutura de dados. Ele também pode ter uma identidade
fragmentada em relação à avaliação, por exemplo, de forma que ele
consiga ter uma postura mais formativa com os seus alunos em sala
de aula e, todavia, adotar uma postura mais seletiva, a partir de uma
lógica de hierarquia de excelência, para admitir alunos para orien-
tação em trabalho de conclusão de curso. Esse mosaico identitário
é um desafio na busca do professor universitário de computação de
uma coerência integrada das motivações interiores em relação às
suas intencionalidades político-pedagógicas.

Outro aspecto importante a considerar é como essa(s) identi-
dade(s) dialoga(m) e se apropria(m) das grandes narrativas imagi-
nadas da cultura nacional brasileira como, por exemplo, o mito da
fundação do Brasil apresentado por Marilena Chaui [10]. É impor-
tante fazer essa caracterização para o professor universitário de
computação, pois nem sempre ações de inclusão refletem automati-
camente uma promoção de equidade e justiça social [40, p. 31].

Diante de uma diversidade tão grande de identidades no ambiente
universitário, tanto docentes quanto discentes, surge a pergunta:
“como é possível que essas identidades habitem harmonicamente
dentro desse espaço?”. Uma possibilidade é explorar o conceito de
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um pluralismo moderado de ideias. Desenvolvemos um pouco mais
sobre esse conceito na seção a seguir.

4.2 Pluralismo (Moderado) de Ideias
Foi apresentado na seção anterior que o conceito de democracia está
sob disputa continuamente em nossa sociedade. Diante desse cená-
rio, seria necessário promover um ambiente adequado e propício
para que essa disputa ocorra. Um ambiente que permita divergên-
cias de opinião e, simultaneamente, o respeito mútuo entre todos os
participantes nesse espaço. Esse seria um ambiente que o professor
universitário de computação não apenas desejasse estar, mas que
pudesse promover, sempre que possível.

Dessa forma, é necessário fazer coro junto ao MESP e reafir-
mar que não podemos comungar com a ideia de que esse ambiente
permita constrangimentos públicos motivados por qualquer diver-
gência de orientação política, por exemplo. Devemos estimular a
liberdade de docentes e discentes se manifestarem respeitosamente
dentro do ambiente universitário sobre suas percepções político-
pedagógicas. Ninguém, dentro ou fora do ambiente acadêmico,
deveria ser constrangido publicamente pelo simples fato de adotar
uma determinada posição política. Liberais e progressistas devem
e podem habitar harmonicamente dentro do ambiente acadêmico,
desde que preservem o desejo comum por um espaço democrático
de divergência de ideias. Como afirmou Evelyn Hall, sob o pseudô-
nimo de Stephen Tallentyre [36, p. 199], sintetizando o pensamento
sobre liberdade de expressão do filósofo francês Voltaire: “Eu não
concordo com o que você diz, mas defenderei até à morte o direito
de você dizê-lo”20.

E ao afirmar isso, é necessário que não confundamos exercício
político com partidarismo. Toda ação em si tem uma componente
política associada a ela. Retomando Skovsmose (citado na Seção
2.2), ações não são neutras, são carregadas de valor. Entretanto,
não é desejável que essas ações estejam estritamente vinculadas a
agendas de um dado partido político, por exemplo. O Prof. Quincas
poderia não ter permitido que aquela chapa viesse em sua sala para
fazer propaganda por ter a compreensão de que o lugar adequado
para se fazer isso é em um debate, de forma que todas as outras
chapas estejam presentes e em condições iguais para um confronto
rico de ideias e propostas. Podemos não concordar necessariamente
com essa visão, mas é uma possibilidade interessante em um jogo
democrático e pode até promover um ambiente eleitoral mais justo.

É importante notar o que já está disposto na Lei nº 9.394/1996 de
Diretrizes e Bases (LDB)21. Em seu Art. 3º, a defesa do pluralismo
de ideias e de concepções pedagógicas é um dos princípios que
regem a LDB. O pluralismo de ideias é condição imprescindível
para a promoção de um ambiente democrático. Onde não há a
possibilidade de um pluralismo de ideias, não é possível permitir a
co-existência de ideias divergentes e, naturalmente, não há diálogos
e espaços de disputas de ideias, apenas monólogos proferidos por
algum ditador em exercício.

O princípio do pluralismo de ideias está listado em conjunto
com outros princípios igualmente importantes como a (i) igualdade
de condições para o acesso e permanência na escola (inciso I), (ii)

20Tradução nossa do original em inglês “I disapprove of what you say, but I will defend
to the death your right to say it”.
21Disponível em http://www2.senado.leg.br/bdsf/handle/id/559748.

o respeito à liberdade e o apreço à tolerância (inciso IV), e a (iii)
consideração com a diversidade étnico-racial (inciso XII). Por esse
motivo, o pluralismo de ideias buscado e promovido pelo professor
universitário de computação no contexto brasileiro deve ser um
pluralismo moderado [27]. Um pluralismo de ideias, desprovido de
nenhuma ressalva, pode conduzir fatalmente a uma perspectiva de
relativismo total, conduzindo à comunidade acadêmica inadverti-
damente para cenários em que as agendas da equidade e da justiça
social não consigam ser devidamente promovidas. Existem ideias
que devem ser não somente preservadas, mas intencionalmente
ponderadas com uma importância maior, mesmo em um ambiente
pluralista (e.g. declaração universal dos direitos humanos).

O Prof. Quincas Borba refletiu demoradamente sobre a
sua realidade na disciplina de estrutura de dados, pen-
sando cuidadosamente sobre o contexto de Lindoia e
de Brás. Ele ponderou sobre as questões envolvendo
a igualdade (e equidade) nas condições de acesso e
permanência no curso superior de computação. Ele
também ponderou sobre a importância da diversidade
étnico-racial em sua sala de aula. Ele tomou alguns
cafezinhos com outros professores da universidade,
seus colegas tanto da computação quanto de outros
cursos, ouvindo as suas considerações e percepções
sobre esse desafio. Ele chegou à conclusão de que é
necessário adaptar as suas metodologias ativas para
que Lindoia e Brás sejam devidamente incluídos nas
sequências didáticas originalmente pensadas por ele
na disciplina de estrutura de dados. Talvez ele precise
criar uma nova metodologia ativa para isso ou até
mesmo pesquisar por uma nova. Mas ele compreende
que, nessa nova etapa da sua jornada docente, esse é
um esforço totalmente válido e legítimo.

5 CONSIDERAÇÕES FINAIS
O propósito desse ensaio foi lançar luzes (e algumas provocações)
à discussão sobre a suposta neutralidade político-pedagógica do
professor e seus impactos na educação superior de computação.
Foi dado um enfoque especial aos possíveis contornos da(s) identi-
dade(s) que esses docentes possam estar construindo a partir desse
conceito e nas consequências potenciais na formação dos estudan-
tes nesse contexto. Os autores criaram uma personagem-professor,
chamado Quincas Borba, para ilustrar alguns dos potenciais ce-
nários existentes passíveis de serem enfrentados pelo professor
universitário de computação no Brasil.

Uma das proposições afirmadas constantemente durante todo o
ensaio é que o conhecimento tem sempre um caráter interessado.
Não há pureza no conhecimento, no sentido ideológico do termo. O
conhecimento é dotado de várias dimensões, incluindo a dimensão
gnosiológica (objetiva) e a dimensão ideológica (interessada).

É importante ressaltar aqui nesta seção que o rótulo de neu-
tralidade pode ser utilizado como um qualificador depreciativo. É
comum em algumas discussões em que, havendo duas posições
fortes em conflito, haja um desejo de que você tome um dos dois
lados em questão. Se você não se posiciona favoravelmente para
nenhum dos dois lados da discussão, mas assume uma terceira po-
sição, você pode ser rotulado como “neutro” ou como “isentão”.
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Essa é uma variação híbrida de duas falácias bastante conhecidas
na lógica: o falso dilema e o ad hominem22. Alguém te apresenta
apenas duas possibilidades, impedindo você de admitir qualquer
outra possibilidade. Se você admite uma terceira posição, você é
depreciado com o título de “isentão”.

Não é esse tipo de neutralidade a que nos referimos nesse ensaio.
Um terceiro caminho pode ser alcançado fruto de uma reflexão e
ponderação sensata das variáveis em questão. É bem complicado
quando alguém simplesmente desmerece o teu posicionamento
porque ele não se encaixa claramente em um dos dois lados de um
ringue criado por ele. Ao invés de rotular alguém como “isentão”, o
caminho mais honesto e mais natural seria que a pessoa pudesse
elencar os supostos aspectos frágeis do posicionamento adotado
por você.

A crítica da neutralidade aqui nesse ensaio não teve o objetivo
de apontar uma neutralidade externa para alguém de fora. Mas de
identificar essa neutralidade a partir da realidade concreta do po-
tencial leitor, professor universitário de computação. Esse exercício
pedagógico cumpre mais significativamente a sua função quando é
fruto de um esforço de reflexão interior. Podemos ler a realidade
externa e identificar quais são os nossos colegas professores que
seriam os “mais neutros” em seu dia a dia na universidade. Mas a
relevância dessa discussão encontra-se na importância do próprio
docente se permitir fazer esse exercício contínuo de reflexão de sua
prática docente.

O ambiente universitário de um estudante de computação não
deve ser instrumentalizado para fins partidários e nem eleitoreiros.
Esse ambiente necessita ser propício e adequado para formar o pro-
fissional de computação com qualidade e competência, para desem-
penhar um papel estratégico e transformador em nossa sociedade.
Para isso, é necessário haver intencionalidade político-pedagógica
para que o professor universitário de computação participe ati-
vamente no esforço de promover uma educação com equidade e
justiça social. O gosto pela vida, a esperança de um mundo melhor,
a igualdade (e equidade) nas condições de acesso e permanência
dos estudantes, o respeito à liberdade e o apreço à tolerância são
princípios e valores que devem embasar a educação em computação
no Brasil.
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Abstract. One of the emerging challenges in Education refers to di-
versity. Existing differences in a classroom can be a source of wealth
and beauty. But they can also be a source of tensions that can gener-
ate conflicts. These conflicts are directly associated with the existence of
privilege deriving from these differences. One source of these privileges
can be provoked by the emerging new media. They can increase what
is called the digital divide, challenging the educational stakeholders to
promote an equitable and fairer learning environment. We will discuss
in this essay some dimensions of the digital divide that can emerge from
the called large language models (LLM, e.g., ChatGPT) in computing
education. Issues concern not only plagiarism problems but also another
level of digital literacy, referred to as lifelong learning competencies. Part
of the domain of these competencies will require a level of mediatiza-
tion through LLMs, leading us to understand another kind of literacy:
the prompt literacy (concerning the ability to interact appropriately via
prompt with LLM).

Keywords: Equity · Large Language Models · Computing Education.

1 Introduction

The differences can be a source of wealth and tension. These tensions can origi-
nate conflicts that, in turn, can directly be related to privilege [38]. One source
of this privilege can arise due to the so-called new media [8]. ChatGPT, Bard,
and Midjourney are examples of emergent new media classified as large language
models (LLM) [30,22] according to how their algorithms are built.

The digital divide [13,52] existing due to the emergence of new media affects
the educational environment, specifically when we consider the LLM impacts.
Thus, this work discusses large language models (LLM) as a new media and their
equity impacts. We will defend that there is a LLM divide. This affects education
in a general way but brings a specific agenda for Computing Education at all
teaching levels.
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Computing Education became a global agenda due to the pervasiveness of
Computing Literacy [18]. This literacy is part of the leading digital competencies
necessary to form a democratic citizen in the 21st century [25], bringing many
challenges to its implementation [15]. Several national curricula have been pro-
posed to provide a solid foundation for computing literacy since the early years
of school [47,41,14], encompassing all levels of education.

The remainder of this paper is as follows. Section 2 presents the concept of
the digital divide. Section 3 defines what LLM is and offers some practical uses
and challenges from an educational perspective. Section 4 delineates the arising
of prompt literacy from web access to the current uses of search engines. Section
5 structures what we define as LLM divide from the theoretical basis of the
capabilities approach. And, at last, Section 7 points out the final remarks and
future perspectives.

2 Digital Divide

Digital divide is the existing abyss between the people with ready access to
information and communication technology (ICT) tools (and, as a consequence,
the knowledge provided by them), and those without such access or skills [13].
We present as follows the more common barriers to ICT use (Section 2.1), the
potential mitigation actions for the digital divide problem (Section 2.2), and
elements to signalize the subjacent structural problem as its roots (Section 2.3).

2.1 Barriers to ICT use

There is a list of barriers that can limit or even prevent ICT use. Physical access
can be a barrier when the necessary infrastructure is not guaranteed for ICT use.
Let us see a Latin American context. The IBGE4 conducted a national survey in
2018 relating to the ICT theme. This survey revealed that one in four Brazilian
people does not have internet access. Suppose we admit that a fraction of these
Brazilians who do not have internet access were composed of students. What
would be the impact of this reality on their formation quality? What would be
the difference in the formation of these students concerning computing literacy
relating to other ones? Physical access can provoke a social abyss in educational
contexts.

Although physical access is essential, it is not the only one. The lack of ICT
skills also matters because those who access ICT and cannot use it are limited
and unable to enjoy it fully. Computing literacy is another essential step in
tackling the digital divide. One student that can appropriately explore a web
search engine has better conditions to enrich your learning than others cannot.

Another barrier refers to the attitudinal dimension. Misconceptions about
who can have intellectual conditions to use ICT are related to this barrier. Erro-
neous assumptions like “Computers are for ‘brainy’ people”, “Computers are for

4 IBGE stands for Brazilian Institute of Geography and Statistics.
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males”, or even “Computers are for young people” can restrict the disposition
to ICT use. Self-efficacy is the general umbrella for this attitudinal barrier and
refers to the person’s belief in their ability to achieve a goal. Studies explore the
self-efficacy impact on digital literacy in both students and teachers [39,19,1].

And the last barrier we point out here concerns content. A fear might exist
related to the content of what is accessed and consumed in ICT. People are afraid
to expose themselves to the content (e.g., threat feeling) or do not think this con-
tent is essential (e.g., irrelevance). The emergence of misinformation can provoke
a reverse movement concerning the quality of content, affecting the appropriate
use of ICT. The preference for misinformation instead of reasonable content is
dangerous to a curriculum that promotes citizens’ formation. A desirable cur-
riculum for computing literacy should focus on the ability to discriminate and
judge the quality of information sources. It is necessary to realize the potential
that misinformation can have to destroy the democratic basis of society.

2.2 Potential Mitigation Actions

As an attempt to alleviate the digital divide, we can present potential mitigation
actions. Each action refers to a previously discussed barrier that diverse social
actors can address.

Concerning physical access, it is possible to promote incentives for organi-
zations to pass on ICT devices to school institutions or non-government or-
ganizations (NGO), for instance. Sometimes, a tool can not be a cutting-edge
technology for a large organization but can make a difference at lesser institu-
tions. Private organizations could receive tax incentives, and public organizations
could earn vouchers to use in future acquisitions of ICT devices. In this case,
public policy is strategic.

Related to the skill barrier, it is possible to promote initiatives to form new
teachers about ICT use. Actions related to teacher formation are not only nec-
essary for the new ones (usually conducted by colleges and universities). Due
to constant ICT evolution, it urges to guarantee a continued pedagogical prepa-
ration for these changes to all educational staff. For example, the New Media
Pedagogy Conference plays a significant role in providing directions about how
stakeholders in K-12 and university education can effectively use the so-called
new media. NGOs can also gather the interests of civil society in this direction.

By dealing with the attitudinal barrier, we can promote technology com-
munities of practice. In these spaces, tackling the bounding beliefs in a safer
environment is possible, forging a sense of belonging among their members. In
Brazil, the Escola de Games [28] promotes a partnership between universities
and schools aiming to teach computing through digital game building. Data
extracted from the pre-tests of this project indicated that various high school
students did not believe in your capacity to build a computing game. Under-
graduate tutors and high schoolers formed a solid belonging network, paving a
new way to learn computing and weakening bounding beliefs.

And, at last, by tackling the content barrier, we can foster innovative ICT use
and creation for and with minoritized communities. The strangeness concerning
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ICT use can be higher in native and traditional communities (e.g., indigenous,
quilombolas [36]). Allowing them not only to use an ICT tool but also to create
it is a good strategy. The building of electronic textiles from US indigenous [29]
and the participatory design of computing artifacts with rural students [37] are
examples of reducing the digital divide by counting on the active action of these
communities.

2.3 A Structural Problem

We previously discussed potential mitigation actions (and not “solutions” as
Cullen asserts [13]). The reason for this expression choice concerns the struc-
tural nature of the problem. The structure of capitalism provides the possibility
for a digital divide. This economic system defends the concept of a free market,
encouraging all “players” to compete among themselves in pursuing profit max-
imization. Thus, in a competitiveness scenario, each player will look for what
is called a competitive edge, aiming to be more attractive to their potential
consumers.

Precisely at this moment, ICT plays a crucial role for players, serving as a
competitive edge. ICT research and development investments increase the chance
of some players providing the same service or product faster or more efficiently
(or even disrupting a new service/product through an ICT innovation [9,16]).
In this perspective, new technologies will always exist and will be dominated by
some players, becoming ICT as a strategic factor and also a business secret, for
instance.

Thus, the democratization of technology is associated with the obsolescence
of the strategic ICT of these players (e.g., large corporations, public and private
organizations). In this perspective, it is not a primary concern to establish a set
of educational technologies as a common good. This concern is important but
secondary in our economic system. There is also a reflex of this player compe-
tition in a micro dimension among people in our society, bearing in mind that
each ‘individual” needs to improve their curriculum to increase their attractive-
ness for the so-called labor market. Unterhalter [49] describes the theoretical and
historical roots of this discussion, presenting the human capital theory.

3 Large Language Models

LLM stands for large language models. They are “trained on massive amounts
of text data and are able to generate human-like text, answer questions, and
complete other language-related tasks with high accuracy” [30]. LLMs allow
people to interact with computers in a more natural and conversational way
compared with search engines (e.g., Google). Beyond this capacity, most LLMs
use a large volume of data from the internet as raw material to generate their
answers. This answer generation results from using sophisticated algorithms of
artificial intelligence (AI), providing outputs to final users with a considerable
degree of originality.
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There is a huge quantity of LLM tools today, but we can highlight ChatGPT,
BERT, and Bard5. For materializing this technology use, we asked to ChatGPT

the following prompt: “Critique my short story: ⟨Ugly-Duckling⟩” . ⟨Ugly-

Duckling⟩ stands for a summary composed of a single paragraph of the classical
history “The Ugly Duckling” by Hans Andersen. The ChatGPT answered us by
praising the story theme as “timeless” and “heartwarming narrative” , but in-
dicating the need to deepen in the emotional description of characters. We finally
asked to it “On a scale from 0 to 10, what is the similarity between this story

and ‘The Ugly Duckling’ by Hans Andersen?” , receiving as answer “The simi-

larity [...] would rate quite high, around an 8 or 9” 6.

The LLM reach increases if we expand our understanding of what text is and
include images, videos, and other ways to express and establish communication
in this comprehension. There is a vast number of LLM tools that provide as
answers from your prompt: images (e.g., Midjourney, DALL-E), videos (e.g.,
Synthesia, VideoGAN), or even presentations (e.g., Beautiful.AI7). We present
as follows opportunities for LLM use in education (Section 3.1) and existing
challenges to be considered (Section 3.2).

3.1 Opportunities in Education

There are a range of opportunities for LLM use in education [35,30,17,50]. For
teachers, a LLM can help in the lesson planning creation process. We asked to
ChatGPT the following prompt: “Create a structured plan for a class about di-

gital safety with a duration of 50 minutes, encompassing definitions, examples,

and good practices. Suggest other exciting possibilities if possible” . The Chat-
GPT answered us by proposing a detailed plan composed of six topics, includ-
ing the expected duration for each. It recommended possibilities for interactive
activities beyond good methodological suggestions about how to conduct the
class8.

Another opportunity is for students. An LLM can collaborate during their
self-directed learning. We asked to ChatGPT the following prompt: “Create a

study plan about digital safety. I am available to study on Tuesdays (30 min)

and Fridays (1h). This plan needs to last from February 2 to 13, 2024. Suggest

5 These tools are available as web services or open-source for further installations:
ChatGPT (chat.openai.com), BERT (github.com/google-research/bert), and
Bard (bard.google.com).

6 All this example conversation is available here:
chat.openai.com/share/90e2c314-5e6e-40df-b9ff-31915e139ff2.

7 These tools are available as web services or open-source for further installations:
Midjourney ( www.midjourney.com), DALL-E (openai.com/dall-e-2), Synthesia
(www.synthesia.io), VideoGAN (github.com/GV1028/videogan), and Beautiful.AI
(www.beautiful.ai).

8 All this example conversation is available here:
chat.openai.com/share/d4a4fc39-9ef3-4849-a4a1-dcc00e2eaba5.
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exciting options if possible.” .The ChatGPT answered us by proposing a de-
tailed study plan for each day of the informed period, including the topic title and
all learning objectives for that day. It recommended interesting possibilities as
weekend and throughout activities (e.g., “Engage in online forums or commu-

nities related to digital safety” )9.
The last opportunity refers to assisting in identifying short essays’ poten-

tial strengths and weaknesses. We asked to ChatGPT the following prompt:

“Feedback on the following argument: ‘Large language models (LLM) always

prejudice digital safety”’ . The first phrase that ChatGPT answered us was:

“That statement seems a bit too absolute” . Next, it presents three potential

risks (e.g., “Potential for Misinformation” ) accompanied by a short paragraph

for each one. Finally, it describes three substantial benefits (e.g., “Education”

and Accessibility” ) also accompanied by a short description for each one, con-

cluding with a final paragraph10.

3.2 Challenges in Education

Although there are opportunities to use LLM in education, its adoption also has
challenges. Among several existing challenges [30], we list three ones concerning
ethics, bias, and wrong expectations.

Regarding copyright and data privacy issues, the main highlight refers to the
raw data used to train these models. An LLM usually uses the vast amount of
data available on the internet to extract information and, consequently, generate
its answers. The problem is related to the authorization of use. For example, The
New York Times [23] sued OpenAI and Microsoft under suspicion of misuse of
millions of its articles to train ChatGPT. The newspaper argues that this unau-
thorized use may cause a loss of billions of dollars of profit from advertisement
that could usually be earned during a typical access to its website, for instance.
From an educational perspective, it is possible that a generated LLM answer can
be miscited because the model is unable to trace precisely from which source this
data was collected. When an LLM answer generates a computing code, for ex-
ample, we cannot assure if it is using (or not) some excerpt licensed exclusively
for non-commercial use [54].

Concerning bias and fairness, the central aspect refers to how the raw data
used to train these models was produced. Data are the result of human actions,
and “actions are not neutral; they are carriers of value” [46, p. 40]. Thus, several
implicit biases can exist and reflect values that a given data producer community
accepts. These values can become biased or harmful concepts affecting society
and, consequently, educational spaces [5]. LLM can generate racist or stereotyped

9 All this example conversation is available here:
chat.openai.com/share/7689884b-1d52-4fd9-a09c-71395379ff59.

10 All this example conversation is available here:
chat.openai.com/share/0494d575-c659-4bf0-a913-8e06932f6a52.
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answers, for instance, because its data is “contaminated” for this perspective [10].
Various equity issues can emerge when we use AI in education [8].

And lastly, it is related to the wrong expectations of learners and teachers.
Learners may rely too heavily on the model, assuming LLM is a knowledge
authority (similar to a human expert). Otherside, teachers may become too
reliant on the models, denying themselves the use of LLM probably due to a lack
of appropriate knowledge of its benefits for education. A trade-off of benefits and
risks should be performed to comprehend better the use (or not) of an LLM in
your educational context.

4 Arising of Prompt Literacy

The World Wide Web can be the first ICT resource that provoked the advent
of digital divide expression. However, there is an evident evolution in terms of
the complexity and impact of ICT, like web access (Section 4.1), search engines
and LLMs (Section 4.2). Each one of these brings opportunities and challenges
concerning ICT democratization. The competency to use them appropriately is
crucial in an information society.

4.1 Web Access Literacy

Web access literacy guarantees access and, consequently, the knowledge provided
on the internet, specifically on the first generation of user-friendly pages after
the rise of the World Wide Web [4]. This literacy involves a set of primary digital
competencies [24], three of them detailed as follows.

Although this can seem trivial for experienced users, differing between email
and site addresses is evidence of a basic understanding of the subjacent tech-
nologies of the internet. This competency may not be accessible for the illiterate
population in our society [12]. Some people in this group can even use smart-
phones and instant messaging apps (e.g., WhatsApp) but can not comprehend
the differences between email and hosting services, for instance.

Another digital competency is sending and receiving emails. Nowadays, there
are several ways to exchange information using the internet. However, emailing
has still been a crucial means because it occupies a central role in formal commu-
nications, guaranteeing more capability to access public and private services. The
domain of this competency also allows more possibilities for effective democratic
participation of citizens, paving other ways for advocacy actions, for instance.

Lastly, recognizing and avoiding malicious pages enables users to be safe
when browsing the internet. Guaranteeing the development of this competency
(i) avoids the arising of attitudinal barriers involving fear of exploring web pages
at their full potential and (ii) protects users from exposing themselves to harmful
situations. Users can also stand not only as a digital consumer but report to the
page responsible or even public authorities about these web pitfalls, performing
actively as a digital citizen.
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4.2 Search and Prompt Literacies

These competencies signalize basic web access competencies. But they do not
allow us to explore all potential on the web in depth. Search and prompt literacies
take a step further toward more complex requirements to dominate other avenues
of the internet.

Search literacy, in turn, guarantees not only access but higher navigability
on the web and, consequently, better access to knowledge available there. This
literacy involves a set of essential digital competencies such as (i) knowing how
to use keywords in a search, (ii) realizing when to give up and re-search, and
(iii) considering the quality of the retrieved resource. It performs these searches
in specific web pages called search engines (e.g., Google, Bing, DuckDuckGo11).
These competencies signalize a basic web navigability, but explores superficially
other web resources like LLMs.

Lastly, prompt literacy guarantees a new level of knowledge access from the
internet. This literacy involves a distinct competency concerning the ability to
interact with a web page conversationally, making this interaction similar to a
dialogue between humans. An LLM can extract implicit information from the
web (which is impossible to do using only search engines). It involves a set of
competencies like (i) building a prompt appropriately, (ii) realizing when to give
up and re-search a prompt, and (iii) obtaining insights from initial prompts for
advanced ones.

A prompt is a kind of requisition similar to that presented in Section 3.1.
Formally, a prompt is a set of instructions provided to an LLM that sets it by
(i) customizing and/or enhancing it, or (ii) refining its capabilities [34]. Part of
what we call prompt literacy is denominated prompt engineering [27,20]. Prompt
engineering (PE) is the necessary skill set to dialogue with LLMs effectively [32].
One of PE’s concerns is about prompt patterns, identifying successful approaches
for systematically obtaining specific kinds of goals when working with LLMs [53].

However, it is necessary to highlight that prompt literacy has a broader
commitment beyond prompt engineering, preparing students as citizens for a
democratic society (and not only under a technicist lens). Although these com-
petencies signalize a primary LLM information extraction, sociotechnical aspects
should be considered to guarantee a more holistic education.

5 LLM Divide

Thus, by extension (see Section 2), we can define LLM divide as the gap between
those with ready access to LLM tools, and the knowledge that they provide access
to, and those without such access or skills. We will develop this topic in two
parts. First, we will define what would be LLM capability under the Capabilities
Approach lens (Section 5.1). And second, it will be listed the primary sources of
LLM equity issues from this perspective (Section 5.2).

11 These tools are available as web services: Google (www.google.com), Bing (www.
bing.com), and DuckDuckGo (www.duckduckgo.com).
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5.1 LLM Capability

Some concepts are essential when we refer to inequality of opportunities in ed-
ucation. Lewis and colleagues [33, p. 482] assert that:

“Equality refers to the state where everyone has or is allocated the same
things in the same degree, whereas equity typically refers to having access
to what is needed. [...] In general, [...] equity, and not equality, defines
fair and just learning opportunities” (our emphasis).

Although the authors signalize to equity and equality concepts, they does not
define equity in a strict way. Aiming to theorizing equity appropriately, we will
present the capability theory.

The Capabilities Approach (CA) framework addresses and nominates the
essential concepts in an equity analysis. CA was proposed originally by Amartya
Sen [44] and improved by Melanie Walker [51] for education purposes. This
approach allows identifying not only the resources that are supposed to be absent
in inequity settings but also mapping the capabilities that a student cannot
develop (in educational scenarios).

The main question raised by Sen [44, p. 12] is “equality of what?”. Sen’s
concerns concentrated on the higher risk of reducing the efforts to deal with
inequalities to a single-dimensional analysis. The inequality problem is complex
and multidimensional by nature. Thus, when we analyze the problem only with
the incoming inequality lens, for instance, probably other sources of inequalities
can be neglected and, in some cases, even aggravated. Although the race lens, for
example, can contribute to informing essential aspects that can not be overlooked
by all stakeholders responsible for analyzing a given scenario, this one is not
enough to inform a decision maker with quality and robustness if isolated from
others.

Using more rigorous concepts, CA is a theoretical framework based upon
two normative claims: (i) the freedom to achieve well-being is of primary moral
importance, and (ii) the understanding of well-being is directly related to peo-
ple’s capabilities and functionings. Functionings are beings and doings that are
“various states of human beings and activities that a person has achieved”; and
capabilities are “the real, or substantive, opportunity that they [human beings]
have to achieve these doings and beings” [43]. The freedom of being educated
is one of the aims in this perspective, understanding it as a part of the broad
problem of liberating people for a fulfilling life. In this direction, we can define
equity as the equality of capabilities.

Contextualizing for our discussion, an LLM capability is the real opportunity
that people have to use and effectively explore an LLM in all its potential. A
student who has access to ChatGPT but cannot use it, for example, does not
have some LLM capability related to prompt literacy. A teacher who does not
have access to ChatGPT for use as educational technology in a computing class
[6], for instance, may not have some LLM capability related to infrastructure or
even social aspects in which this educational environment is situated.



10 E. Bispo Jr. et al.

5.2 LLM Equity Issues

From LLM capability, we will unfold potential LLM equity issues that can
emerge. Three important sources of equity will be explored as follows: (i) ac-
cess, (ii) prompt literacy, and (iii) personal, social, and environmental factors.

Access to an LLM arises naturally as the first equity source. Once crossing
the infrastructure barrier (a classical digital divide), we can face access barri-
ers concerning the business model adopted by most private organizations. The
“freemium”12 business model allows users to freely have the first contact with
an application through its basic features, needing to pay only when they want to
use more advanced functionalities. This equity dilemma is two sides of the same
coin. It is good because users do not pay (with money) for the access and use of
an LLM, which is a means to pave the way for future and democratic access. In
contrast, the simple fact of existing restricted access for a selected group of users
promotes a divide between those with freemium access and everybody else. As
noted previously (Section 2.3), it is a structural problem of our society, and it is
necessary to understand how to build a pedagogical environment that considers
these aspects.

In terms of LLM educational capability, this mismatch can reveal potential
disparities in the assessment process. Imagine if we identify that a group of
students can not access a necessary resource to achieve their learning goals. Now
imagine that our assessment instrument does not consider this difference and
collects indicators to assess the learning of all students indistinctly. Students
can be retained in an educational structure due to factors that extrapolate their
desire or free disposition to pursue their education. When it occurs, there is no
freedom of being educated (the real opportunity of being educated if a person
so wishes). If there is no this freedom, thus there is no capability for it, and an
equity issue is identified.

Prompt literacy is a second equity issue that can emerge from LLM use.
Students can underuse LLM even if they have access to it. Teachers cannot ex-
plore its potential because does not have the appropriate competency developed
for this. The question about equity will always be if people have the real op-
portunity to do or to be (in CA, doings and beings). An equity issue emerges
if any educational stakeholder is limited by a lack of access or, in this case,
skills or competencies. Let us see the examples presented in Section 3.1. How
do we explore the LLM power if a student (or a teacher) does not realize the
universe of existing prompt possibilities? Is it possible to explore this technology
appropriately without a practical knowledge of prompt engineering or prompt
patterns (as presented in Section 4.2)? These questions refer not only the access
to information, but the fact that LLM can help students and teachers to build
a road of metacognitive strategies [2]. The equality of opportunities to develop
these skills matters to promote a more fair and equitable classroom.

Finally, the personal, social, and environmental factors are the third im-
portant source of equity issue. During the Covid-1913 pandemic, for instance,

12 Freemium combines “free of charge” and “premium”. See more in [3].
13 Covid-19 stands for Corona Virus Disease (2019).
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Brazilian students that lived in disadvantaged regions had available for all mem-
bers of their families only a single computational device (normally a cellphone
with restricted access to internet) [7]. This is not only an access difficulty, but
an structural problem, strongly pervading the social reality of a surrounding
educational area. Although the Covid-19 pandemic had unstructured the soci-
ety as a whole, the underlying social problems usually emerges in middle of the
circumstances provoked by a crisis.

6 Related Work

The first group of related work concentrates on those that approach large lan-
guage models and education but do not explore equity specificities or equality of
opportunities. We can cite three works in this group. Cain [11] explores the trans-
formative potential of Large Language Models of Artificial Intelligence (LLM AI)
in educational contexts. Kasneci and colleagues [30] present challenges such as
the potential bias in the output, the need for continuous human oversight, and
the potential for LLM misuse in education. Finally, Head and colleagues [26]
explore the ethical implications of LLM training concerning data sources like
the perpetuation of biases (racism, sexism, ethnocentrism, and more) and the
exclusion of non-majority languages.

The second group of related work focus on those that approach large language
models and equity but do not research inside an educational context. We can
cite three works in this group. Singh and colleagues [45] explore health equity
issues that emerge in large language model deployment. Korateng and colleagues
[31] evaluate the ethics of LLMs in medicine along two key axes: empathy and
equity. At last, Rillig and colleagues [42] present the risks and benefits of Large
Language Models for the Environment, listing issues concerning enhancing the
digital divide in environmental research.

Lastly, the third group of related work concentrates on those that approach
education and equity but do not explore the specificity of LLMs arising. We
can cite three works in this group. Gorski [21] deepens the discussion of the
digital divide in terms of educational equity. Unterhalter [48] discusses gender
equality in education from the lens of the capability approach. Finally, Resta
and colleagues [40] address two main concerns: digital equity for social inclusion
and digital equity in education.

7 Final Remarks

This essay aimed to discuss dimensions of the digital divide focusing on LLM in
a perspective of computing education. We presented the concept of the digital
divide, defined what LLM is, and delineated the arising of prompt literacy. At
last, we defined LLM divide from the capabilities approach lens and discussed
LLM equity issues. The educational issues derived from LLM use extrapolates
the access problem or even plagiarism detection. Our purpose was to underline
the digital divide provoked by LLM focusing on lifelong learning competencies.
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The LLM divide causes at least an inequality of opportunities concerning the
potential use of LLM to assist the learner in building their metacognitive strate-
gies.

We conclude this paper with three essential attitudes that can forge a new
21st-century teacher. The first attitude is increasing awareness about this dis-
cussion inside your educational space, observing all dimensions approached here,
including the structural root of the problem. The second one is identifying the
main challenges in their educational contexts, putting on the table critical equity
variables that need to be considered in a detailed equity analysis. Finally, the
third one is giving a more advanced step, being a changing vector, proposing an
equity-minded curriculum for your educational program. All these attitudes can
generate future works, extending the contributions brought forth by this paper.
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Abstract Beyond the technical aspects, it is crucial to observe human factors that
affect the adoption of online laboratories in Engineering Education (OLEE). This
chapter presents propositional pathways for considering equity aspects concerning
OLEE adoption. Practical examples and theoretical foundations are provided from
the Digital Divide and the Capability Approach.

1 Introduction

Professor Jirafales1 is in the middle of an important meeting of his engineering course. The
professors are convinced to explore new pathways to teach engineering to their students. Prof.
Jirafales is excited because his program will begin to adopt online laboratories (OL), starting
with using a web digital logic simulator that emulates a physical project for digital systems
called WebLogisim2. He is responsible for the Digital Systems course, and he knows that
his teaching experience will serve as a reference for choosing future OLs to be adopted by
his colleagues. However, Jirafales is concerned because of Chavo3, an undergraduate in his
program who lives in a disadvantaged region near his university and has difficulty accessing
a stable internet connection. He doesn’t know if adopting WebLogisim could negatively
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1 Teacher Jirafales is one of the characters of Chespirito, a Mexican sitcom written by Roberto
Bolaños.
2 Logisim (http://www.cburch.com/logisim/) is a classical graphical tool for designing and
simulating logic circuits. WebLogisim is a fictitious name, but there already are tools like that (e.g.,
CircuitVerse: https://circuitverse.org/).
3 Chavo is the main character of Chespirito, a homeless person who sleeps inside a barrel.
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affect Chavo’s learning. His question is how to appropriately consider the Chavo’s situation
pedagogically. Prof. Jirafales wants to promote this curricular change, but considering the
potential implications that laboratory virtualization can provoke in his students. What should
he do?

Adopting online laboratories can be a potential pedagogical resource in En-
gineering Education (EE) [15]. Their ubiquitousness and scalability are singular
features that allow teachers to explore new learning situations when designing their
educational interventions. Concerning equality of learning opportunities, online lab-
oratories (OL) can promote better access conditions to students, providing a virtual
use without common restrictions like staff availability to guarantee access to physical
spaces, limited functioning opening times, or even reduced lab size [14, 12].

This situation presented at the beginning of this chapter is a fictitious story, but it
illustrates important pedagogical aspects to consider during the implementation of
OLs in EE (OLEE). Prof. Jirafales’ question indicates that there are equity aspects
that can emerge from the adoption of OLEEs. At first sight, it does not seem to be
an essential concern in the middle of several potential benefits of its use. But some
aspects, like the problem of educational infrastructure shift from university to student
home [2] and the access assurance to all students independent of their ableness
(universal design [6]), put in perspective structural and contextual dimensions that
must be considered.

This chapter presents propositional pathways of how to consider equity aspects of
the adoption of OLEEs. We will present this discussion from three dimensions: (i)
access (Section 2), (ii) literacy (Section 3), and (iii) social (Section 4), deepening set
of crucial equity concepts to consider during the adoption process. The digital divide
[7] and the capability approach [18, 20] will be theoretical references to introduce
and discuss these equity concepts.

2 Access

The suspicion of Professor Jirafales was right. The internet stability of Tagamandapio4 is
not so good. In addition, he found out that WebLogisim didn’t adequately run on the laptop
of Chilindrina5 (another undergraduate in his engineering program). This OLEE requires
a minimum quantity of memory to visualize on the screen appropriately. Her internet
connection is excellent, but her laptop is old, so it doesn’t have a good configuration to run
applications that demand a certain level of graphical processing (even as a client). Should
Prof. Jirafales ignore this specific reality and concentrate his efforts in the classroom in a
general way, or should he invest part of his energy to come up with a solution for these two
students?

4 Santiago Tangamadapio is a little city in Mexico southwest (https://en.wikipedia.org/
wiki/Tangamandapio). It is referred to in Chespirito as the city of the postman Jaimito.
5 La Chilindrina is the daughter of Don Ramón, an unemployed widower known in the Chespirito
sitcom for delaying payment of his house rent.
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Prof. Jirafales is facing a kind of question that does not strictly belong to Engi-
neering or Pedagogy. This kind of question resides in the meeting of several areas
and is addressed by many authors in different ways. Some authors will refer to this
problem domain as the digital divide. Digital divide is the existing abyss between
the people with ready access to information and communication technology (ICT)
tools (and, as a consequence, the knowledge provided by them) and those without
such access or skills [7]. We will present, as follows, the relations between equity
and access (Section 2.1) and an equity theory from the Capability Approach (Section
2.2).

2.1 Equity and Access

One of the existing barriers is physical access to ICT. To introduce this discussion,
let’s observe this classical illustration6 (Fig. 1). The natural tendency in our day-to-
day life is to associate equal treatment as a default solution for justice problems. But
equal treatment is not what we are looking for. We use equal treatment aiming for
equality of opportunities. In this way, it will be necessary to discern when to make
use of equal treatment or not.

Fig. 1 Illustration about the differences between equality and equity.

6 Angus Maguire created this illustration and made it available in his portfolio: http://
madewithangus.com/portfolio/equality-vs-equity.



4 Bispo Jr., Santos, and Matos

In Fig. 1, the equality of conditions does not guarantee the real equality of
opportunities. So that everybody can have a real chance to watch the match, there
must be a differentiated and intentional treatment. Think now that instead of a match,
we can refer to authentic learning in EE [19, 22]. Instead of a fence, we can refer to
the minimum requirements that an OLEE needs to be accessed by undergraduates.
Instead of boxes, we can refer to the actual infrastructure your students have to access
a given OLEE outside their university. If you and your program are concerned about
equality of learning opportunities for all students [3], it will be necessary to consider
and contextualize these scenarios.

In this way, physical access can be a barrier when the necessary infrastructure
is not guaranteed for OLEE use. All potential OLEE users should be considered in
terms of required infrastructure during the feasibility stage of the adoption process
of OLEEs. Not only undergraduates can be regarded as here, but also professors,
monitoring students, and other educational stakeholders.

•? Access Question 1

Does my student (or other essential user) have real conditions to access the OLEE
outside of university?

It is essential to highlight that the main aim of OLEE is to serve as an educational
mediator [4] for authentic learning in EE. Bearing this in mind, we can amplify
our understanding and shift our focus on OLEE access to EE authentic learning
as a common good in our equity analysis (see Fig. 2). If the OLEE is down, what
would be the alternative to guarantee undergraduate learning? In project management
terminology, what would be the contingency plan for ensuring the learning in case
of an OLEE unavailability?

•? Access Question 2

Are there alternatives to learning in case it is impossible to access the OLEE (e.g.,
a physical lab version)?

2.2 Theorizing about Equity: Capability Approach

One of the emerging challenges in Engineering Education (EE) refers to diversity [6,
p. 19:2]. Existing differences in a classroom can be a source of wealth and beauty. But
they can also be a source of tensions that can generate conflicts. These conflicts are
directly associated with the existence of privilege deriving from these differences.

According to Parker and Guzdial [13, p. 1], privilege is “an unearned, unasked-for
advantage gained because of the way society views an aspect of a student’s identity,
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Fig. 2 Key terminologies in an equity analysis. Common good is what is aimed to be shared with all
members of a community. Resources are the individual means used to overcome potential barriers
imposed by the common infrastructure (or structure, from a macro perspective).

such as race, ethnicity, gender, socioeconomic status, and language”. The Brazilian
Institute of Geography and Statistics (IBGE7) conducted the Continuous National
Survey by Domicile Sample (PNAD Contı́nua8) in 2018, relating the theme of
Information and Communication Technology. This survey revealed that one in four
Brazilian people does not have internet access. Suppose we admit that a fraction
of these Brazilians who do not have internet access were composed of students in
an undergraduate computing program. What would be the impact of this reality on
their formation quality? What would be the difference in the formation quality of
these students relating to other ones? Scenarios like this show that the differences
can convert in privilege to a specific social stratum of the scholar community.

The understanding that there is inequality in the conditions in student context
is fundamental for promoting social justice in Engineering Education [11]. This
perception allows the professor to reorganize their priorities and build a more honest
frame of emerging problems deriving from the diversity of their scholar community.

Some concepts are essential when we refer to inequality of opportunities in
education. Lewis and colleagues [10, p. 482] assert that:

“Equality refers to the state where everyone has or is allocated the same things in the same
degree, whereas equity typically refers to having access to what is needed. [...] In general,
[...] equity, and not equality, defines fair and just learning opportunities” (our emphasis).

7 IBGE stands for Instituto Brasileiro de Geografia e Estatı́stica in Brazilian Portuguese.
8 PNAD Contı́nua stands for Pesquisa Nacional por Amostra de Domicı́lios Contı́nua in Brazilian
Portuguese.
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Although the authors signalize to equity and equality concepts, they does not define
equity in a strict way. Aiming to theorizing equity appropriately, we will present the
capability theory.

The capability approach was proposed by Amartya Sen and puts the focus on other
aspects when analyzing equity issues. Sen is an Indian economist and philosopher
in the liberal tradition (like John Rawls). He is known for his contributions to the
creation of the HDI [5] and for winning the Nobel Prize9.

The main question raised by Sen [18, p. 12] is “equality of what?”. Sen’s con-
cerns concentrated on the higher risk of reducing the efforts to deal with inequalities
to a single-dimensional analysis. The inequality problem is complex and multidi-
mensional by nature. Thus, when we analyze the problem only with the incoming
inequality lens, for instance, probably other sources of inequalities can be neglected
and, in some cases, even aggravated. Although the race lens, for example, can con-
tribute to informing essential aspects that can not be overlooked by all stakeholders
responsible for analyzing a given scenario, this one is not enough to inform a decision
maker with quality and robustness if isolated from others.

The unifier key point for Sen is the freedom to achieve well-being. Well-being
is an issue of primary moral importance in Sen’s perspective. The well-being prism
is the umbrella that can allow the more diverse analysis from different sources of
inequities to dialog for achieving a single (but complex) commitment. In summary,
the first normative claim of the theoretical framework of the capabilities approach
(CA) is that the freedom to achieve well-being is of primary moral importance. Drèze
and Sen [9, p. 2] assert in this direction that:

“It should be clear that we have tended to judge development by the expansion of substantive
freedoms - not just by the economic growth (for example, of the gross national product), or
technical progress, or social modernization. This is not to deny, in any way, that advances in
the latter fields can be very important, depending on circumstances, as ‘instruments’ for the
enhancement of human freedom. But they have to be appraised precisely in that light - in
terms of their actual effectiveness in enriching the lives and liberties of people - rather than
taking them to be valuable in themselves”.

The second CA claim is that the understanding of well-being is directly related to
people’s capabilities and functionings. When Sen attaches the proper comprehension
of well-being to the concepts of functioning and capability (see Section 3.2), he shifts
the concern to defining what is well-being exactly, exploring these two crucial CA
concepts in more detail. To be honest, Sen’s contribution resides primarily in this
shifting, indicating the primacy of well-being, but does not exhaust it. Sen allows
a certain plasticity level of his approach not to define well-being categorically. But
he establishes three concepts10 for guiding in discernment of how to deal with an
analysis from a multidimensional inequity perspective.

9 Available at Nobel Prize site: https://www.nobelprize.org/prizes/

economic-sciences/1998/sen/facts/.
10 Beyond functioning and capabilities, Sen also defines conversion factors (see Section 4.2).
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3 Literacy

Today is the first term class. Professor Jirafales has already prepared his plans for all Digital
Systems’ activities, considering the use of WebLogisim. He received the first feedback from
some students, praising the initiative and the OLEE adopted. However, there is another
particularity in this classroom. Don Ramón, the Chilindrina’s father5, received a social
benefit that allowed him to continue his academic studies. He has always dreamed of
studying Electrical Engineering, and he is amazed by this opportunity to do this in the same
classroom as his daughter. Don Ramón and Chilindrina have already scheduled the times
when he or she will use the single laptop of their family. The problem is not their laptop.
The problem is that Don Ramón is not familiar with digital devices. Chilindrina is usually
the family person who pays online bills or helps him with any technological demand. Don
Ramón needs to develop some digital skills to help Prof. Jirafales for establishing a good
learning pace for the whole class. How can Prof. Jirafales conduct this demand?

Prof. Jirafales is dealing with a new barrier to effective OLEE use: literacy. The
lack of ICT11 skills also matters because Don Ramón has physical access to a laptop
but cannot use it for learning. A minimum of ICT literacy is required to enjoy
WebLogisim fully. We will present, as follows, the relations between equity and
literacy (Section 3.1) and the definitions of functionings and capabilities (Section
3.2).

3.1 Equity and Literacy

There is a false presupposition that all STEM12 undergraduates have basic ICT
knowledge. Mainly in Global South countries, starting a higher school program does
not guarantee digital literacy. A range of public policies aim to reduce the inequality
of opportunities in several countries around the world. Thus, it is unavoidable that
some of your undergraduates can not meet the desired requirements previously
established in your curriculum program13 or, more specifically, can not deal with an
OLEE appropriately.

•? Literacy Question 1

What are the desired skills and competencies that an undergraduate should have to
use my OLEE fully?

This perspective does not consider the lack of classical digital literacies as realized
in the example with Don Ramón. Adopting OLEE can trigger existing challenges

11 ICT stands for Information and Communications Technology.
12 STEM stands for Science, Technology, Engineering, and Mathematics.
13 There is an effort towards reforming old curricula to equity-based curricula (see part of this
discussion in [8]).
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in online education, like ubiquitous learning [21]. The use of online platforms re-
quires the activation of specific competencies concerning concentration, for instance.
Personal computers usually provide the possibility to open and/or use several applica-
tions, exploring their multitasking feature. The risk of distraction in online platforms
can be higher than in in-person activities, requiring the development of this com-
petency set simultaneously with other technical competencies usually present in an
engineering curriculum.

3.2 Theorizing about Equity: Functionings and Capability

As mentioned previously, Sen does not define well-being but characterizes it in terms
of functionings and capabilities. About functionings, he asserts that:

“The well-being of a person can be seen in terms of the quality of the person’s being.
Living may be seen as consisting of a set of interrelated ‘functionings’, consisting of beings
and doings. A person’s achievement in this respect can be seen as the vector of his or
her functionings. The relevant functionings can vary from such elementary things as being
adequately nourished, being in good health, avoiding escapable morbidity and premature
mortality, etc., to more complex achievements such as being happy, having self-respect,
taking part in the life of the community, and so on” [18, p. 39].

Thus, functionings are beings and doings that are “various states of human beings
and activities that a person has achieved” [17].

In an educational perspective, we can exemplify this concept from a political
pedagogical project of a computing program. When a professor’s group delineates
an egress profile, it idealizes all the expected functionings that a student should
achieve after the completion of course. In this way, beings like “to be proactive”
or “able to work in groups”, and doings like “sorting a vector” and “modeling a
database” are functioning descriptions. All these would be relevant functionings
that an egress should have. Thus, there is a vector of interrelated functionings that
describes an egress profile appropriately.

A concrete example can be extracted from the Computing Curricula 2020
(CC2020) proposed by a task force conducted by ACM14 and IEEE-CS15. The
CC2020 embraced competency lens for all its computing curricula, giving examples
of competency statement like this:

“Identify and document system requirements by applying a known requirements elicitation
technique in work sessions with stakeholders, using facilitative skills, as a contributing
member of a requirements team” [1, p. 52].

A competency is a vector of interrelated functionings. When it is present in a political
pedagogical project, it is an expected set of functionings. When we have any egress
with this competency, it is an achieved set of functionings (or just achievement).

14 ACM stands for Association for Computing Machinery.
15 IEEE-CS stands for Institute of Electrical and Electronics Engineers (Computer Science).
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We know, for instance, that students only develop a complex software if they
understood loops and conditionals previously. Thus, bearing in mind an achieved
functioning (understood loops and conditionals) can be an expected functioning
(develop a complex software) in another context, it is interesting to differentiate them.
Sen amplifies this difference for a freedom perspective and defines the capability
concept.

Concerning capabilities, Sen [18, p. 39,40] continues developing his definition as
follows:

“Closely related to the notion of functionings is that of the capability to function. It represents
the various combinations of functionings (beings and doings) that the person can achieve.
Capability is, thus, a set of vectors of functionings, reflecting the person’s freedom to lead one
type of life or another. Just as the so-called ‘budget set’ in the commodity space represents
a person’s freedom to buy commodity bundles, the ‘capability set’ in the functioning space
reflects the person’s freedom to choose from possible livings”.

Thus, capabilities are “the real, or substantive, opportunity that they [human beings]
have to achieve these doings and beings” [17].

We can return to the same educational example in the previous section. Professors
should conduct their students to potentially achieve the expected functionings of the
political pedagogical project. Bearing in mind that these students have a potential
different set of achievements (e.g. achieved functionings), it is possible some students
may (or not) have a vector of functionings necessary to achieve what is required by
the program. If this vector of necessary functionings exists for students, we say they
have capabilities for it.

Let us materialize with a concrete example. Anne, Bill, and Carla are three
students that know how to develop programs satisfactorily. Anne and Bill know the
Theorem of Pythagoras, but Carla does not know. The professor asks them to create
a program that returns the distance between two points in a Cartesian plane after
receiving the four coordinates as parameters. In a naive analysis, Anne and Bill have
the capability for it, but Carla has not. Even if Bill does not want to develop what the
professor asks him, Bill continues to have this capability. He has the freedom to do
it if he would want. It does not matter if he did or not when we conduct a capability
analysis.

We will complicate this situation more. Imagine that Anne wants to develop the
program, but she does not have a computer in her home. She is in the middle of
a critical wave of cases during a pandemic scenario like the COVID-1916 one. In
this aggravated situation, she does not have the capability to do it. Anne has two
limitations: she does not have a computer (resource), and can not go to the lab
in her university (mobility). A complete capability analysis needs to consider the
complexity and multidimensionality of the equity issues can achieve.

To encompass this complexity that a capability analysis should have, Sen also
establishes the concept of conversion factors (see Section 4.2).

16 COVID-19 stands for Corona Virus Disease (2019).
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4 Social Factors

Professor Jirafales is so happy with the use of WebLogisim in his classroom. He realizes that
there is tremendous enthusiasm among his students in general. Many students like to attend
his classes and often correlate the subject to the possibilities to be explored in the OLEE.
The students complained about overloading activities, but they approved the adoption of
OLEE.
However, Prof. Jirafales is concerned about a difficult challenge. One of his students, Quico,
grumbled about the graphical interface of WebLogisim. The color contrast is not so good,
and this fact interferes with correctly identifying some logic gates, leading him to confuse
OR and XOR gates. Quico17 is color-blind and loves to use WebLogisim. But this causes
frustration, forcing him to take more time to do OLEE homework than his classmates. What
should Prof. Jirafales do?

Although our teaching plan can be designed carefully, it is possible that some new
(and challenger) demands can arise. Prof. Jirafales did not know about the existence
of color-blind students in his classroom. Groups in disadvantaged conditions must be
considered previously in an equity analysis. We will present, as follows, the relations
between equity and social factors (Section 4.1) and the definitions of conversion
factors (Section 4.2).

4.1 Equity and Social Factors

As mentioned in Section 2.2, a difference can become a privilege depending on how
it is interpreted in a given group. Color blindness becomes a disadvantage when
all things are designed primarily from the perspective of non-color blindness. An
OLEE that does not follow the WCAG18 guidelines has a higher risk of leading
color-blinded students to unequal learning opportunities.

•? Social Factors Question 1

Is any student group disadvantaged compared to others due to OLEE use?

The differences among students concerning their income can also become a
privilege. If a student can not afford the OLEE use license, there is a masked digital
divide of access here. This scenario divides the classroom into two groups: the first
can pay for the OLEE use, and the second can not. This difference provokes an
inequality of learning opportunities in an engineering class.

17 Quico is the son of Doña Florinda and a late naval captain. The Chespirito sitcom presents him
as a spoiled and overprotected 9-year-old boy.
18 WCAG stands for Web Content Accessibility Guidelines (see www.w3.org/WAI/GL/WCAG20/).
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4.2 Theorizing about Equity: Conversion Factors

An illustrative example helps us to understand a deeper discussion about resource
provision. Fig. 3 presents a man facing difficulties to see over the wall19. Although
he has a bunch of stairs at his disposal, he does not make use of them appropriately.
There is an expression in the figure asserting that: “It doesn’t matter how many
resources you have. . . if you don’t know how to use them, it will never be enough”.
The resource possession can not be enough to convert it into the expected benefit.

Fig. 3 Illustration showing that the resource possession can not be enough to convert into the
expected benefit.

Sen [18, p. 37,38] asserts that there are conversion factors to be considered during
a capability analysis:

“The resources a person has, or the primary goods that someone holds, may be very imperfect
indicators of the freedom that the person really enjoys to do this or be that. [...] The
personal and social characteristics of different persons, which can differ greatly, can lead
to substantial interpersonal variations in the conversion of resources and primary goods

19 Unknown authorship. The illustration is available in www.reddit.com/r/brasil/comments/
8l4qyp/dont_matter_how_much_resources_you_have_if_you/
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into achievements. For exactly the same reason, interpersonal differences in these personal
and social characteristics can make the conversion of resources and primary goods into the
freedom to achieve similarly variable”.

Robeyns and Byskov [17] categorizes the conversion factors into three groups:
personal, social, and environmental.

Personal conversion factors “influence how a person can convert the character-
istics of the commodity into a functioning” [16, p. 99]. I can list as examples of
these factors as metabolism (Do you have thyroid problems? Are you old or young?),
physical condition (Are you tired? Are you disabled?), sex (Are you a woman? Are
you a transgender?), reading skills (Do you know how to read? Do you know how
to read English?), and intelligence (Are you competent at this? Do you have all the
pre-requirements for it?). Requesting engineering students to do a reading task, for
instance, can face the problem if they are well-nourished. If they are not, we should
ask ourselves what (and how) may we require of them even knowing their food
vulnerability to respond to our requirements adequately?

Social conversion factors are directly related to the society in which people live.
I can list as examples public policies (affirmative actions, minimum income), social
norms (“boys dress blue, girls dress pink”, handshaking), discriminating practices
(racism, homophobia), gender roles (“ladies first”), societal hierarchies (monarchy,
patriarchalism), and power relations (professor-student, boss-employee). Requesting
engineering students to do an OLEE task on Saturdays, for instance, can face religious
barriers. If you have one that is a member of the Seventh-day Adventist Church, for
instance, this student can allegate impossibility to do this therefore Saturday is a holy
day for them.

Lastly, environment conversion factors “emerge from the physical or built envi-
ronment in which a person lives” [17]. I can list as examples climate (arid, rainy),
geographical location (rural, urban), proneness to natural disasters (earthquake, hur-
ricane, flooding), and availability of natural resources (river, wood). Requesting
engineering students to do an OLEE activity immediately after a hurricane hit, for
instance, can be unfeasible and, by consequence, they would not have the capability
for it.

I conclude this section with another Sen [18, p. 38] assertion about conversion
factors:

“If we are interested in the freedom of choice, then we have to look at the choices that the
person does in fact have, and we must not assume that the same results would be obtained
by looking at the resources that he or she commands. The moves towards resource-based
interpersonal comparisons in contemporary political philosophy (such as those of Rawls and
Dworkin) can certainly be seen as taking us in the direction of paying attention to freedom,
but the moves are substantially inadequate. In general, comparisons of resources and primary
goods cannot serve as the basis for comparing freedoms”.

Equality of opportunities involves resources, but not only. The CA approach
provides us with a possible common vocabulary to analyze equity issues from
different theoretical standpoints. After this discussion, we can define equity as the
equality of capabilities. The challenge is identifying the crucial capabilities in an
engineering education program and proposing policies to guarantee them.
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5 Final Remarks

This chapter discussed the equity aspects of adopting online laboratories in engineer-
ing education. We used the digital divide and the capability approach as a theoretical
reference, providing practical examples of potential scenarios for engineering edu-
cation practitioners and researchers. We summarize, as follows, a small list of four
questions discussed here to guide you in an initial equity analysis considering the
adoption of OLEE.

Guiding Questions to consider Equity in OLEE adoption

1. Access Dimension
• Are there alternatives to learning in case it is impossible to access the

OLEE (e.g., a physical lab version)?
• Does my student (or other essential user) have real conditions to access

the OLEE outside of university?
2. Literacy Dimension

• What are the desired skills and competencies that an undergraduate
should have to use my OLEE fully?

3. Social Dimension
• Is any student group disadvantaged compared to others due to OLEE

use?

Each educational context is unique and needs to be considered in its singularity.
We hope that the whole discussion presented here, including the theoretical founda-
tions, can be helpful to you when conducting the equity analysis at your university.
Involving all educational stakeholders in this process is fundamental to promoting
equal opportunities in your engineering program.
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1
IDEA nos Currículos de Computação:
dos documentos às práticas educacionais

Esdras L. Bispo Jr.1, Amanda Meincke Melo2, Claudia Pinto Pereira3,
Giseli Duardo Maciano4, Juliana Maria Oliveira dos Santos5, e
Marco Aurélio Graciotto Silva6

1.1. Introdução

A sociedade, em essência, é composta por um coletivo de indivíduos que compartilham
espaços, experiências e situações, nos quais se estabelecem relações sociais, culturais,
econômicas, políticas, educacionais, entre outras. Essas relações se alteram ao longo dos
tempos, também em função dos avanços tecnológicos, impondo a necessidade de
estabelecimento de normas de convivência, em um processo contínuo de reflexão,
amadurecimento e consciência coletiva [Galvão Filho 2022].

Essa consciência coletiva perpassa também pelo entendimento da garantia da
liberdade e da igualdade em dignidade e direitos, de todo e qualquer cidadão,
independentemente de classificação, condição ou rótulo. Nesse sentido, é imprescindível
que todas as pessoas sejam incluídas nesses espaços sociais e em suas relações, com o
devido reconhecimento de suas diferenças e singularidades (diversidade), tendo o
direito assegurado de acesso, de convivência e de participação em igualdade de
oportunidades (equidade) [Melo et al. 2024, Pereira et al. 2024a].

No Brasil, algumas políticas públicas, tais como a Lei de Diretrizes e Bases
(LDB) [Brasil 1996], o Plano Nacional de Educação (PNE) [Brasil 2001], a Política
Nacional da Educação Especial na Perspectiva da Educação Inclusiva [Brasil 2008], a
Lei 10.639, que versa sobre a obrigatoriedade de ensino da História e Cultura
Afro-Brasileira nos estabelecimentos de ensino que ofertam ensino fundamental e
médio [Brasil 2003], e a Lei 12.711, que instituiu a reserva de vagas (cotas) para

6 Universidade Tecnológica Federal do Paraná (UTFPR), CV Lattes:
https://lattes.cnpq.br/9383290036853173.

5 Universidade Federal da Bahia, CV Lattes: http://lattes.cnpq.br/1942862457809155.

4 Universidade Federal de Mato Grosso (UFMT) / Secretaria de Estado de Educação de Mato Grosso
(SEDUC), CV Lattes: http://lattes.cnpq.br/9005197124309329.

3 Universidade Estadual de Feira de Santana (UEFS), CV Lattes: http://lattes.cnpq.br/1798434167940865.

2 Universidade Federal do Pampa (Unipampa), CV Lattes: http://lattes.cnpq.br/3659434826954635.

1 Universidade Federal de Jataí (UFJ), CV Lattes: http://lattes.cnpq.br/1022072289836952.



instituições federais de ensino [Brasil 2012], trazem, dentre outros, princípios
importantes nesse contexto, como igualdade, condições para o acesso e a permanência
na escola, assim como a valorização da diversidade étnico-racial [Bispo Jr. et al. 2022].
Além dessas, a Lei Brasileira de Inclusão da Pessoa com Deficiência [Brasil 2015]
amplia essa discussão, considerando, dentre outros, aspectos como a garantia da
acessibilidade – em contraponto às diferentes barreiras impostas pelas pessoas e/ou
ambientes –, a não discriminação e o direito a recursos de Tecnologia Assistiva [Pereira
et al. 2024b].

Os conceitos de IDEA – Inclusão, Diversidade, Equidade e Acessibilidade –
pervadem a Computação no Brasil. Desde a criação do Grupo de Trabalho (GT) IDEA,
vinculado à Comissão Especial de Educação em Computação (CEduComp), estamos
atentos às ações da Sociedade Brasileira de Computação (SBC) e aos avanços pontuais
de nossa comunidade nesses quatro eixos.

Já no primeiro Seminário da SBC “Grandes Desafios da Pesquisa em
Computação no Brasil – 2006 – 2016” [Carvalho et al. 2006], o “Acesso Participativo e
Universal do Cidadão Brasileiro ao Conhecimento” foi pautado como grande desafio de
pesquisa, impulsionando uma série de iniciativas em torno do tema, em diferentes
comissões especiais no âmbito da instituição. O Programa Meninas Digitais [SBC
2024a] e, mais recentemente, a Comissão para Inclusão, Diversidade e Equidade
(CIDE), junto à sua diretoria da SBC, sinalizam a importância da inclusão desses
conceitos na agenda de atuação da instituição [SBC 2024b].

Quanto às agendas das comissões especiais da SBC, destacamos, a título de
exemplificação: (i) da Interação Humano-Computador, que sinalizou como um grande
desafio de pesquisa para a década de 2012-2022 a “Acessibilidade e Inclusão Digital”
[Baranauskas, Souza e Pereira 2012]; (ii) da Educação em Computação com o GT
IDEA [Melo et al. 2024, Pereira et al. 2024a]; e (iii) da Informática na Educação, que
pautou em seu último congresso o papel das tecnologias digitais na educação inclusiva7.
Além dessas iniciativas, observamos a publicação crescente de trabalhos diretamente
relacionados à IDEA por pesquisadores nos eventos organizados pelas comissões
especiais e pela diretoria da SBC. Assim, temos ações e resultados quanto à IDEA nos
diversos níveis de nossa comunidade acadêmica.

Embora a discussão sobre os conceitos IDEA esteja presente nas comunidades
de Computação no Brasil, sua incorporação nos currículos nacionais ainda é incipiente,
sendo necessário envidar esforços para estruturar e promover IDEA nas práticas
educacionais na Computação em todos os níveis. Os Referenciais de Formação para os
Cursos de Graduação em Computação da SBC [Zorzo et al. 2017], conforme discutido
na próxima seção, não aprofundam devidamente esses conceitos, ocorrendo algumas
menções a conceitos mais genéricos, entretanto sem o comprometimento necessário que
a agenda exige. Além disso, tendo em vista os grandes (e bons) desafios existentes,
oriundos da inclusão da Computação na educação básica a partir do complemento
criado à atual Base Nacional Comum Curricular (BNCC) [Brasil 2022], incorporar os
conceitos IDEA nos currículos de Computação em todos os níveis é um esforço legítimo
na solidificação da democracia por meio da inserção da Computação na sociedade.

7 Site do Congresso Brasileiro de Informática na Educação (CBIE) 2024: https://cbie.sbc.org.br/2024/.



Dessa forma, um grande desafio para a educação em Computação no Brasil é
anunciado a seguir:

As demais seções são apresentadas a seguir. A Seção 1.2 enuncia o problema,
delineando a jornada da relação dos conceitos IDEA nos referenciais curriculares de
Computação. A Seção 1.3 aponta propostas para abordar o desafio, vislumbrando os
cenários desejados para as próximas décadas. Por fim, a Seção 1.4 traz as considerações
finais do trabalho.

1.2. IDEA nos Currículos de Referência

Apresentamos a seguir como a IDEA se apresenta nos currículos de referência tanto em
uma perspectiva nacional quanto em uma perspectiva internacional.

1.2.1. IDEA na Perspectiva Nacional

Buscando delimitar melhor o problema evidenciado, observamos que o texto dos
Referenciais de Formação para os Cursos de Graduação em Computação [Zorzo et al.
2017], baseado nas Diretrizes Curriculares Nacionais (DCN) homologadas em 2016
[Brasil 2016], não aborda IDEA de modo sistematizado ou com o aprofundamento
necessário. Em uma busca simplificada, identificaram-se 2 ocorrências para a palavra
inclusão, 5 para diversidade, nenhuma para equidade e 2 ocorrências para
acessibilidade. A seguir, apresentamos algumas evidências de que IDEA não é abordada
nesse documento.

Nesses referenciais, a palavra inclusão é adotada (i) para se referir à inserção de
estágio, trabalho de conclusão de curso e atividades complementares; e (ii) para
mencionar inclusão digital como conteúdo relacionado à competência “C.1.3. Elaborar
soluções eficazes, eficientes, efetivas e sustentáveis de sistemas de informação,
considerando aspectos tecnológicos, econômicos, sociais e ambientais.”, derivada da
competência geral esperada para o eixo de formação Visão Sistêmica, do Bacharelado
em Sistemas de Informação. Portanto, verificamos que o conceito de inclusão não é
abordado com o devido aprofundamento nesses referenciais.

As ocorrências da palavra ‘diversidade’, embora em maior número, dizem
respeito (i) ao atributo pessoal “valorizar a diversidade”, que deve ser manifestado por
um bacharel em Ciência da Computação; (ii) ao que é esperado da formação
complementar ao longo da graduação; (iii) à formação do licenciado em Computação,
que deve abordar entre seus conteúdos diversidades étnico-racial, de gênero, sexual,
religiosa e de faixa geracional; e (iv) à variedade de cursos de Computação. Portanto,
aos cursos de licenciatura, conforme estabelecido em resolução específica para a
formação inicial em nível superior e continuada de professores [Brasil 2012], é atribuído
o estudo da diversidade humana. Desse modo, verificamos que o conceito de diversidade

Inserir nos currículos de Computação no Brasil, e incorporar nas práticas
educacionais, princípios oriundos de IDEA – Inclusão, Diversidade, Equidade e
Acessibilidade.



embora mencionado no currículo da licenciatura, também não é tratado com o devido
aprofundamento nesses referenciais quando se trata dos bacharelados.

Não houve ocorrência para a palavra equidade nem para igualdade. Logo, salta
mais aos olhos que o conceito de equidade aqui nem chega a ser mencionado, sendo
sequer abordado com o devido aprofundamento nesses referenciais.

Finalmente, a palavra acessibilidade é adotada (i) para indicar a acessibilidade
digital como conteúdo relacionado à competência “C.2.2 Utilizar e explorar recursos
tecnológicos de hardware e software”, derivada da competência geral esperada para o
eixo de formação, Fundamentos da Computação, da Licenciatura em Computação; e (ii)
para relacionar as competências e habilidades dos egressos dos Cursos de Licenciatura
em Computação, conforme as DCN [Brasil 2016], às competências dos referenciais de
formação [Zorzo et al. 2017]. Como nos demais casos, verificamos que o conceito de
acessibilidade não é abordado com o devido aprofundamento nesses referenciais.

A baixa assertividade quanto a conceitos IDEA, descrita nesses referenciais para
cursos de graduação publicado em 2017, é igualmente observada em publicações mais
recentes, como os Referenciais de Formação para o Curso de Bacharelado em
CiberSegurança [SBC 2023a], Ciência de Dados [SBC 2023b] e Inteligência Artificial
(IA) [SBC 2024c]. Um referencial à parte sobre competências atitudinais [Araujo et al.
2019], disponibilizado pela SBC na série de Referenciais de Formação, também omite
IDEA, embora discuta “as competências atitudinais considerando os aspectos éticos, o
desenvolvimento interpessoal, a necessidade de comunicação, a importância dos
relacionamentos interpessoal e organizacional, e a preocupação com os impactos sociais
e ambientais”.

Cabe destacar que diversos aspectos humanos são abordados nos referenciais da
SBC sob a perspectiva de ética. Por exemplo, nos Referenciais de Formação em
Inteligência Artificial, abordam-se as implicações éticas de IA na sociedade [SBC
2024c]. No entanto, embora isso seja pertinente à IDEA, não é o suficiente, pois não é
abordado com o devido aprofundamento nesses referenciais.

1.2.2. IDEA na Perspectiva Internacional

Ainda no que diz respeito aos referenciais de formação de profissionais da
Computação, cabe destacar que outras sociedades, em particular a Association for
Computing Machinery (ACM) e o Institute of Electrical and Electronic Engineers -
Computer Society (IEEE-CS), tratam de IDEA em seus referenciais curriculares em
Ciência da Computação desde 2001, com gradativa ênfase. Em particular, destacamos o
Computer Science Curricula 2023 (CS2023) [Kumar et al. 2024], publicado neste ano,
por parte das sociedades de Computação ACM, IEEE e Association for the
Advancement of Artificial Intelligence (AAAI). Para este último referencial curricular, a
diversidade foi considerada em diversas dimensões e profundidades.

A primeira dimensão do CS2023 foi da própria força-tarefa (ACM, IEEE-CS e
AAAI) que trabalhou no documento, buscando uma participação diversa e diversificada,
envolvendo inclusive todos os grupos de interesse da ACM. O desenvolvimento do
currículo foi transparente e aberto, com ampla discussão em eventos promovidos pelo
grupo especial de educação em Computação da ACM (Special Interest Group on



Computer Science Education – SIGCSE), além de outros eventos associados às
entidades relacionadas à força tarefa, mantendo o processo bem-sucedido adotado na
versão anterior do referencial curricular (Computing Science Curricula 2013 –
CS2013).

A segunda dimensão foi o desenvolvimento harmônico de um referencial
curricular entre (i) um modelo de conhecimento e (ii) um arcabouço para um modelo de
competências. O primeiro modelo é organizado em dezessete áreas de conhecimento,
sendo que cada área agrega unidades de conhecimento. O segundo modelo é
estabelecido a partir de unidades de conhecimento, habilidades e disposições
profissionais. Isso é uma consequência direta de esforços para criação do Computing
Curricula 2020 [ACM; IEEE-CS, 2020], que consolidou diretrizes para currículos de
diversos cursos da área de Computação e estabeleceu um modelo baseado em
competências.

A terceira dimensão, e a mais contundente quanto ao desafio aqui proposto, é a
abordagem de IDEA. Diferente dos referenciais curriculares anteriores, no CS2023,
IDEA não foi abordada de forma genérica, desvinculada das áreas de conhecimento ou
competência. Definiu-se uma área de conhecimento específica, denominada Society,
Ethics, and the Profession (SEP), estruturada em unidades de conhecimento; e, nesta,
foi definida uma unidade específica para IDEA: a SEP-DEIA8. Além disso,
reconhecendo a pervasividade de IDEA na Computação, foram explicitamente incluídas
(i) unidades de conhecimento de SEP para todas as áreas de conhecimento, com
requisitos diretamente relacionados à IDEA; e (ii) tópicos da área de conhecimento
SEP-DEIA nas áreas de conhecimento sobre inteligência artificial, computação gráfica e
interação humano-computador.

Esse destaque à inclusão, diversidade, equidade e acessibilidade, observado no
CS2023, traz uma clara diretriz quanto ao rigor de abordar IDEA nos currículos. No
desafio que estabelecemos, a inserção de IDEA deve ser tratada de forma intensa e
entremeada em todo o currículo, com clara identificação de seu tratamento, conforme
direção apontada no CS2023. Embora tenhamos um contexto nacional diferente do
apresentado no CS2023, é possível considerar as lições aprendidas nesta perspectiva
internacional para a definição de uma diretriz curricular alinhada ao desafio proposto,
sem perder de vista as diferenças de nossa comunidade e os desafios para respeitá-las e
abraçá-las.

1.3. Propostas para Abordar o Desafio

Diante de todos os apontamentos descritos anteriormente, que consideram a diversidade
de experiências, habilidades, contextos e capacidades de estudantes e equipe
pedagógica, o futuro desejável da Educação em Computação é aquele no qual as
pessoas se sintam acolhidas, pertencentes e preparadas para atuarem nesse ou em outros
campos. Assim, na vertente de promover mudanças no contexto IDEA, são necessárias

8 É bastante comum, no cenário internacional na língua inglesa, o uso do acrônimo DEI para se referir aos
conceitos de Diversidade, Equidade e Inclusão. Em alguns casos, o conceito de Acessibilidade é inserido
ao final, gerando o acrônimo DEIA.



ações em diferentes níveis e setores. Nesse sentido, a seguir estão elencadas algumas
propostas que podem ser desenvolvidas no contexto da Educação em Computação.

1.3.1. Propostas quanto à construção de referenciais curriculares

Elencamos aqui três propostas em relação à construção de referenciais curriculares em
nível nacional para a nossa realidade brasileira. A primeira proposta refere-se à
composição da força-tarefa para a construção desses referenciais. A composição desse
grupo deve refletir naturalmente a heterogeneidade existente dentro da nossa
comunidade, congregando representativamente os mais diversos grupos. Essas
participações devem considerar não apenas os próprios critérios epistemológicos que
subdividem a SBC em comissões especiais (que abrange significativamente a nossa
comunidade), mas também garantindo a presença de representantes da massa crítica da
comunidade de computação que pesquisam sobre os conceitos IDEA.

A segunda proposta diz respeito ao processo de como a participação ocorre
dentro desses espaços de construção dos referenciais curriculares. Embora exista uma
força-tarefa composta com o propósito de encaminhar as atividades na construção
desses referenciais, espera-se que essa força-tarefa proporcione ao máximo a
participação e o engajamento de toda comunidade de computação do Brasil. Para isso,
compreendemos que é essencial que um processo mais participativo e colaborativo seja
desenhado, admitindo com mais naturalidade, desde a sua gênese, que intervenções e
contribuições tenham o devido espaço para poderem serem apreciadas e incorporadas ao
longo de todo o fluxo.

A terceira e última proposta refere-se também ao processo de construção desses
referenciais, mas no que diz respeito à sua natureza cíclica. Tendo em vista a própria
atualização natural dos referenciais curriculares internacionais, seria estratégico
estabelecermos um período para a renovação desse ciclo (e.g., quadrienal). Esse ciclo
permitiria que toda a comunidade de computação organizasse em suas instituições de
ensino (em todos os níveis de ensino) uma periodicidade sadia para a revisão de seus
currículos. Essa revisão é necessária não apenas porque a comunidade sinaliza
mudanças cruciais nas compreensões sobre os saberes, conteúdos e/ou competências,
mas também devido à complexidade em que se dão a materialização do currículo na
realidade concreta de cada contexto escolar (e.g., escolas, centros técnicos,
universidades).

1.3.2. Propostas quanto à implementação de referenciais curriculares

A implementação dos referenciais curriculares dá-se pela realização de práticas
educacionais. Nesta proposta de desafio referente à IDEA, vamos focar em três
perspectivas: curso, instituição e comunidade de Computação. Enquanto as duas
primeiras perspectivas estabelecem um relação estruturada em níveis, a terceira
perspectiva é transversal, atuando com as pessoas e instituições: a comunidade de
Computação, organizada na forma de sociedade, como nossa SBC.

A perspectiva de curso é a mais diretamente associada ao referencial curricular.
Temos diversos elementos que podem ser considerados: (i) Inserir no PPC dos cursos
ações concernentes a conceitos IDEA; (ii) Garantir que as ações desenvolvidas na



efetivação do currículo englobem IDEA; (iii) Garantir que o ambiente educacional seja
acolhedor; (iv) Promover ações formativas com as equipes pedagógica e administrativa
da instituição de ensino; (v) Estabelecer parcerias (universidades, escolas de educação
básica, governo, empresas, terceiro setor, entre outros) para fortalecer o alcance e a
efetivação de ações IDEA. Os itens (i) e (ii) refletem o que temos especificado sobre
IDEA em currículos de referência, conforme abordamos na Seção 1.2. Similarmente,
também propomos que IDEA seja tratado de forma clara e transversal, evitando-se o
viés de que uma disciplina seja o suficiente, mas que tenhamos também sua realização
em outras unidades curriculares e, inclusive, no perfil do egresso.

As ações que englobam IDEA nos currículos ocorrem em um espaço que deve
ser acolhedor: inclusivo, acessível, que respeite as diferenças, Esse acolhimento não se
restringe a questões físicas, mas também de formação de pessoal. Assim, os itens (iii) e
(iv) sugerem que nossos referenciais devem considerar e incentivar isso e,
principalmente, permitam que as coordenações de curso estejam amparadas no PPC
durante sua implementação em relação às ações de IDEA. Deve-se considerar a
curricularização da extensão como meios para estreitar a relação do estudante com a
comunidade para a apropriada implementação dos conceitos de IDEA. Isso requer o
estabelecimento de parcerias (v), algo que o curso pode estabelecer com competência
quanto ao coletivo que ele representa.

As instituições de ensino apoiam os seus cursos em uma perspectiva
complementar, com atuação mais administrativa, e mais ampla. Em especial, temos a
implantação de políticas públicas para institucionalizar ações IDEA (desde estrutura
física a suporte pedagógico-emocional). Atualmente temos diversas políticas de
assistência e permanência estudantil implementadas nas instituições. Ao avaliar os
efeitos delas no curso e em seus projetos curriculares, é possível registrar as lições
aprendidas e verificar itens pertinentes a considerar nas práticas educacionais referentes
à implementação desses referenciais e cursos relacionados.

Finalmente, temos a implementação na perspectiva da comunidade de
Computação. Os diversos aspectos, aprendizados e boas práticas envolvendo IDEA nas
perspectivas acima podem ser compartilhados e discutidos em eventos (seminários,
workshops, oficinas, palestras, etc). Além disso, devemos promover a formação
continuada na comunidade de Computação no Brasil sobre a impossibilidade de uma
neutralidade do fazer docente, buscando uma educação com equidade e justiça social.

1.4. Considerações Finais

Por fim, cabe ressaltar que ao promover alteração dos referenciais curriculares
de Computação, de modo a incorporar de forma efetiva e significativa IDEA, serão
induzidas mudanças propositivas para a sociedade. Integrar conceitos IDEA, tanto da
educação superior quanto na educação básica, configura-se uma ação essencial
vinculada à democracia que pode ser concretizada por meio de práticas educacionais
pela Computação.

Somos SBC. Cada autor desse desafio não se compreende como um “agente
externo” à sociedade, tecendo uma crítica sobre o que ela atualmente é ou faz. O lugar



de leitura para esse desafio encontra-se na construção coletiva de membros de uma
mesma comunidade que compreendem o tamanho da dificuldade em decantar todas as
implicações das agendas aqui colocadas. Acreditamos no poder da SBC de se tornar
uma instituição de referência na promoção e materialização dos conceitos IDEA. Esse é
o nosso sonho.
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