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Abstract—Previous studies mention that students have a
hard time learning introductory programming courses. Several
studies have already been conducted to understand the problems
concerning programming learning. Some investigations managed
to classify the problems, they are: some students are unable
to obtain a concrete understanding computer programming
concepts; some students are not able to apply programming
concepts in the construction of programs; some students have no
motivation to learn the subject; some students cannot understand
the programs already implemented, and some have difficulties in
factoring and refactoring programs. To support the learning of
these courses, researchers in the field have established teaching
support mechanisms, which can be used by teachers when
teaching content or by students to train and get prepare for
assessments. In particular, some studies are proposing open
educational resources. However, even if there is a strong interest
in establishing these open resources, the existing educational
resources do not consider the difficulties that the students may
have in these courses (i.e., resources that increase students’
motivation but do not support students who have difficulties
learning programming concepts). Still, it is necessary to consider
the previous knowledge that each student may have when starting
a course. Some students may have some programming knowledge,
while others may not. It is also necessary to consider that students
have their preferences for learning materials when they are
studying (i.e., some prefer video lessons, while others prefer
slides). In this sense, this paper addresses the establishment and
feasibility study of an open educational resource dedicated to
teaching programming, which is specialized for students who
have difficulties in learning and applying concepts, understanding
programs, factoring and refactoring their programs and/or do
not have the motivation to program. This open educational
resource was planned considering some definitions related to
the students’ particularities (i.e., previous knowledge, preferences
for teaching materials and programming difficulties), with the
function of identifying them and adapting to these particularities.
We describe how we have developed the educational resource,
how we plan and conduct preliminary evaluations and, in the
end, we raise directions for next steps.
Index Terms—Computing education, Enginnering education,
Cognitive styles.

I. I NTRODUCTION
Programming is one of the first subjects in which students
will have contact when entering computing undergraduate
programs. This subject is mentioned in some studies as
being a course in which students have difficulty in the

learning process. Therefore, several studies have already
been conducted to understand the problems concerning
programming learning. Some of them managed to classify
the problems, they are: some students are unable to obtain
a concrete understanding of computer programming concepts;
some students are not able to apply programming concepts
in the construction of programs; some students have no
motivation to learn the subject; some students cannot
understand the programs already implemented; some students
have difficulties in factoring and refactoring programs [1]. Due
to these problems, some students may fail or even drop out
of the program. Even if they pass the exams, they may be in
deficit.
There are many approaches and digital tools presented in the
educational scenario that can facilitate and improve student’s
competence. Open Educational Resources (OER) are teaching
and learning materials that are available for the public to
be accessed, used, and adaptative with no restrictions [2].
However, just offering a great number of open materials is
not enough [3]. As mentioned by Dichev and Dicheva [3],
OER should support different teaching activities, and, among
other characteristics, it should be adaptable.
Adaptation is one of the characteristics mentioned by Wiley
[4] (revise) that can bring improvements to the interface and
content of OER, which can benefit and motivate students’
learning. The study by Triantafillou [5], for example, addresses
the use of cognitive styles and learning styles to accommodate
students’ differences. Cognitive styles are understood by
the habits that people have of solving problems, thinking,
perceiving, and remembering [6]. Cognitive styles can also be
used to represent user preferences in an educational system,
for example. In the study by Geller [7], cognitive styles are
used to characterize students’ preferences for the formats of
materials that will be made available.
Each student has a profile, constituted by their own goals,
needs, expectations, experiences, and expertise level related
to the subject they are going to learn. So it’s important to
make use of mechanisms to support teaching that consider
information about the student at the moment the content is
presented, in order to contemplate every particular preference
of each student. With this perspective, this paper aims to

present an open educational resource for teaching introductory
programming concepts that adapts itself to the user profile,
taking into account their cognitive style and expertise level.
Cognitive styles are used in this study to represent students’
preferences for the format of teaching materials that will be
exposed in the OER [7]–[9]. While the student’s expertise
level is considered to identify their main difficulties related to
introductory programming subjects [10], [11]. Based on these
indicators, it was possible to implement the OER. We aim
that the open educational resource can adapt to the student’s
profile and be composed of different didactic programming
resources, such as tutorials, articles, videos, and textbooks so
that the student can learn from teaching materials in formats
of their choice.
In this paper we present the open educational resource to
support the teaching of programming, the flexibility of the
study, and the results obtained. A group of students who
had already studied the subject volunteered to evaluate the
educational resource. The aspects related to the presentation
of the resource content and the extent to which open materials
were able to motivate the student to study were evaluated.
II. R ELATED W ORKS
Several early studies describe the development of
mechanisms to support teaching programming. As a result,
many literature reviews and surveys have been conducted
to synthesize studies already produced and help researchers
to recognize subjects that have already received their proper
attention. This type of research also allows researchers to find
open research opportunities and gaps. Throughout this section,
we will present a discussion of some educational resources that
have been mapped by secondary studies in the area. It is worth
mentioning that secondary studies helped us to recognize the
state of the art on educational resources produced to support
teaching programming.
The work of Mitamura et al. [12] presents a discussion
on the development of serious games to support this content.
This kind of resource can be quite effective in the learning
process as it encourages the student to learn concepts and
programming logic while having fun. Mitamura et al. [12]
also cover HIT Typing, Serious Cube, a 3D action game,
and a game defined by the authors. While Mitamura et al.
[12] discuss some games for teaching programming that they
defined, Silva et al. [13] carried out a systematic identification
of these teaching support mechanisms. They identified 29
educational games, noting that there are games for different
programming languages - namely: Java, C#, Visual Basic,
Python, C, F#. Although the authors [13] promote discussions
about the benefits that this type of educational resource
can offer to students’ learning, the analyzes did not raise
a discussion associated with the possibility of making them
available in an open way, as an open educational resource.
In Gonçalves et al. [14], during the description of a learning
object to teaching repetition structures (i.e., one of the most
important programming concepts), a survey of previous studies
that address the establishment of learning objects to support

teaching is done about the content. The study mentions the
works of Sampaio and Souza [15], Cechinel et al. [16], Saraiva
and Netto [17]. Each study addresses learning objects for the
area, with different characteristics. Although the survey of
these learning objects occurs, there is no mention of making
them available as open content.
The systematic literature review planned and conducted
in the study by Henrique and Rebouças [18] was intended
to map learning objects dedicated to teaching the concepts
of object-oriented programming that are considered difficult
to understand. In this study, learning objects were found
for software development environments (i.e., IDE), learning
objects for teaching in the context of intelligent tutoring
systems, learning objects defined based on animation software,
and learning objects in the format of card games. Aspects of
reusing these educational resources are not addressed.
A systematic literature review was also used by Marcolino
and Barbosa [19], in a study whose intention was to
identify the software systems and educational applications
that support the teaching of programming. The authors
identified more than 81 applications, which were classified
according to their characteristics, in the following categories:
visualization tools, automatic program evaluation environment,
programming support system, microworlds. Still, the authors
describe that they had difficulty in observing significant efforts
to facilitate the reuse process. Therefore, it must be understood
that educational resources are not characterized as an open
educational resource.
Recently, Luxton-Reilly et al. [20] observed that secondary
studies produced within the framework of mechanisms and
approaches to support programming teaching were being
focused on specific aspects of introduction to programming.
In this sense, seeking to offer the community that has
invested efforts in this theme, a systematic mapping was
defined without focusing on a specific aspect. The authors
identified 1666 studies and, during the analysis, grouped them
according to their contributions. They identified programming
environments, programming language extensions to facilitate
learning, tools to support the practice of programming, tools
to support problem-solving practices, tools that help students
to collaborate, among others. The authors note some open
educational resources in the study, paying special attention
to the MOOC platform courses.
The work of Grandl et al. [21] fits into open educational
resources. In the study, the authors address the MOOC
definition to teach programming to children. Each learning
content has been established as an open educational resource,
with a Creative Commons license. The course covers program
creation in a language similar to Scratch, repetition lessons,
conditional structures, sensors, variables, and resources that
enable the construction of a game. At the end of the course,
participants are expected to learn to implement a game.
Based on the analysis of the works described, we were able
to observe that many tools have already been established to
support teaching programming, but the movement is still small
when it comes to the production of open educational resources

in this theme. Besides, the secondary studies analyzed did
not identify support mechanisms adaptable to the student’s
profile. Whereas there is a growing movement in some
areas for the production of educational environments sensitive
to the student context, and the emergence of educational
resources attached for some domains (e.g., a virtual world
for teaching computer networks containing materials that take
into account the student’s expertise level and cognitive style;
a conversational agent who solves the doubts of software
engineering students according to preliminary knowledge),
we believe that contributions that include open educational
resources sensitive to students’ context are welcome to the
area.
III. O PEN P ROGRAMMING R ESOURCE
A. Previous
Intending to contribute to the teaching programming theme,
we decided to define an open educational resource that
considers student preferences. Therefore, we observed studies
on the theme of computer education that has used concepts
of sensitivity to the context of students to define educational
environments and resources. In particular, those researched by
Herpich et al. [8], Krassmann et al. [9] and Paschoal et al.
[10] Each study will be described below.
In the study by Herpich et al. [8], the authors address
the establishment of an immersive environment and a
conversational agent, both dedicated to teaching computer
networks. To promote an environment that addresses student
characteristics, the authors considered the identification of
cognitive styles and expertise levels. The students’ cognitive
styles represent how the student prefers to receive some type
of information (e.g., some students prefer videos, others prefer
to read texts, among others). The expertise levels, on the
other hand, illustrate how much of the preliminary knowledge
the student has when using the educational resource. This
information and its treatment are important given that a class
of students is composed of people with different backgrounds,
and some of them already have some previous knowledge
about the content addressed in the resource, while others
do not have much knowledge about the subject. These
definitions were incorporated into the environment and the
agent, as follows: (i) the immersive environment that has
teaching materials to support learning, presents itself to the
student considering his cognitive style; (2) a conversational
agent offers support answering students’ questions, and
indicating ways for learning considering the student’s previous
knowledge.
In the research by Krassmann et al. [9], an educational
game called JASPION is presented, which is defined in an
immersive environment with the training of computer network
students. The educational game has a narrative that mixes
the styles adventure, quest, and quiz, in a plot inspired by
the television series “Kyojuu Tokusou Juspion”, considering
gameplay profiles. Each gameplay profile is defined based on
the student’s expertise level and cognitive style. This profile
influences the quests and quizzes of the game since they would

be presented based on the student’s previous knowledge. At
each stage of the game, the student will have at his disposal
a set of teaching materials that consider his preferences for
teaching material formats. These materials can be used by
students to successfully overcome the challenges that are
presented throughout the game.
Finally, the study by Paschoal et al. [10] addresses
a conversational agent for software engineering courses
registered on the Moodle. The conversational agent entitled
Ubibot can help the student in exercises of software
requirements and case tools, considering the expertise level
of the students and it identifies their performance throughout
the course. As Ubibot is integrated with Moodle, it tracks the
grades that the student receives when performing activities
of the course (i.e., the student’s performance). Thereby, it
will help the student by offering tips that are personalized
to the knowledge in the period/moment when the student is
in the course. When the student starts the course, his previous
knowledge is identified, but if he already has activities and
grades scored on the Moodle, the agent will adapt to the
student’s current performance to help him.
These previous studies helped us to define how we could
include aspects of sensitivity to the student’s context in our
educational resource. In the next subsection, we present some
characteristic definitions of the open educational resource for
teaching programming, which considers student preferences.
B. Features
Considering that the problems associated with programming
learning are mostly related to the understanding of
programming concepts, whether they are related to theoretical
issues (understanding a concept) and practices (using a
concept), when planning the educational resource, we
define that the educational resource would be designed
considering the realization of practical activities for knowledge
consolidation. Our intention is for the student to use the
open educational resource to learn through activities. Thus,
the educational resource presents activities in the form of
challenges and the student has to solve them.
Context sensitivity is used in the educational resource to
adapt the challenges that will be presented to students. In
this sense, the educational resource considers the student’s
expertise level when presenting the activity, whether it
is associated with programming concepts or the use of
programming concepts. Also, to support the student, the
educational resource offers support in each challenge,
providing educational materials that can be useful for the
student to solve the challenge. These materials are suited to
students’ cognitive styles.
Considering this planning, we model the educational
resource to describe how it should work. When designing
its operation, we recognize the need for functionality for
user registration, so that the open educational resource has
an understanding of who is the student who is using it.
In addition, we have defined mechanisms for recognizing
and treating information about the student (expertise level

and cognitive style). At the same time, it was necessary to
prepare the challenges for each expertise level supported by
the educational resource and to retrieve teaching materials in
different formats in order to contemplate the different cognitive
styles.
C. Sensitivity to Cognitive Style
To address sensitivity to cognitive style, we used an
instrument that has already undergone a validation process,
which was defined by Geller [7] research. This instrument
consists of 16 statements, which are related to six cognitive
styles: holistic, serialistic, divergent, convergent, reflective and
impulsive. A brief description of each style is described below
based on discussions in the literature on each of the dimensions
[22], [23].
• Holistic: holistic students are more prominent in the
global context, since the beginning of an activity, they
prefer to analyze a vast amount of information looking
for patterns and relationships between them. They can
solve complex problems with ease and are almost always
good synthesizers.
• Serialistic: serialist students place more emphasis on
separate topics and in logical sequences, looking for
patterns and relationships in the process to confirm or
not their assumptions. Their assumptions are simpler
and have a logical-linear approach (from one assumption
to another step by step). They are competent to solve
problems and are often good analysts.
• Convergent: convergent students use both abstraction
and common sense in the practical application of ideas
and theories, always looking for the best solution to a
practical problem and like to solve practical problems.
They are better with technical tasks and problem-solving
than with social and interpersonal events.
• Divergent: divergent students are more creative, with
imaginative, original and clear responses. They have
a preference for informal problems, which request the
spread of several equally conceivable responses, in
which they are highlighted in the quantity, diversity, and
uniqueness of the responses. They are more willing to
solve less structured problems. Socially, they are more
impulsive and threatening.
• Reflective: reflective students think before doing
anything, like a course, for example. They have the most
organized, sequenced thoughts and they make a reflective
assessment before responding to an answer.
• Impulsive: Impulsive students do not organize previous
responses, they usually accept the first hypothesis and
offer quick solutions to problems.
As the cognitive styles are related to the students’
perceptions, there are recommendations on which formats of
didactic materials can be more suitable for each dimension.
According to Geller [7], students with holistic styles prefer
books, while serial students prefer materials organized into
topics. Students with convergent dimensions prefer didactic
materials structured in article format, while students with

divergent styles prefer tutorials. Students with reflective styles
tend to prefer book chapters and students classified in the
impulsive category like videos. This relationship between
cognitive styles and teaching materials was adopted in
previous studies (e.g., Herpich et al. [8] and Krassmann et
al. [9]). In this sense, cognitive styles are identified and the
resource modifies the information presented to the student
based on what was detected.
To identify these cognitive styles, the student needs to
respond to a set of statements (18 in total). Thus, after the
student has signed up for the educational resource, he will
need to complete an instrument containing the instructions
(see Table III-C). The statements are related to cognitive
styles, for example, statements 1, 3, and 7 correspond to
the convergent style. Table III-C also shows the distribution
of statements regarding the dimensions of cognitive styles
(see the dimensions of cognitive styles on the left side in
the vertical of Table III-C). We emphasize that the response
options for each statement have weight (see column 3 of Table
III-C).
D. Sensitivity to Expertise Level
To support the identification of the student’s expertise level,
we define an instrument capable of recognizing the expertise
level. We were inspired by the work of Paschoal et al. [10], to
define the content that would be included in the educational
resource (more details will be presented in Section III-E),
and we developed 12 exercises/questions about the content.
We intended to use these questions to gain insights about
student’s previous knowledge. We emphasize that this strategy
was originally described in Possobom et al. [11] work, in
which a set of questions and rules are defined to classify
students based on the number of correct answers and errors.
The questions that we developed to identify the student’s
expertise level are a mix of multiple-choice, multiple-select,
shuffling (cloze), filling in fields with keywords, and true or
false questions. Each question has a value of 100 points. In this
sense, the maximum score that a student can achieve is 1200
points. Based on this value, we defined some partitions of the
scores to establish the bounding factor (classifications based on
rules defined in Possombom et al. [11]). This limiting factor is
a range of values that represents the student’s expertise level.
Table III-D presents the classifications.
E. Definition of content, challenges and teaching materials
When defining the mechanism to identify the student’s
expertise level, we faced the need to determine which
topics/content would be addressed by the educational
resource. To designate the subjects, we take into account
the syllabus of the introductory programming course of
the university where we operate. In this sense, we
stipulate the following subjects: forms of representation
of algorithms, type of variables, writing, and reading of
variables, simple conditional structure, composite conditional
structure, repetition structures, one-dimensional array, and
multidimensional array.

TABLE II
I DENTIFICATION OF THE STUDENT ’ S PRIOR KNOWLEDGE
TABLE I
I NSTRUMENT ASSERTIONS TO DETECT COGNITIVE STYLE

Divergent Serialist

Reflexive Divergent

Holistic

Reflexive Divergent Impulsive

Holistic

Holistic

Serialist Convergent Serialist Impulsive Reflexive Convergent Impulsive Convergent

Assertions

Response options
Strongly Agree
1) I find it difficult to create something
Agree
original.
Disagree
Strongly Disagree
Strongly Agree
2) In many situations, I am not an
Agree
attentive person because I am hurried.
Disagree
Strongly Disagree
Strongly Agree
3) Usually, I follow the guidelines
Agree
given without questioning.
Disagree
Strongly Disagree
Strongly Agree
4) I am a very attentive and organized
Agree
person.
Disagree
Strongly Disagree
Strongly Agree
5) In general, I don’t usually think
Agree
Disagree
much to allocate my time.
Strongly Disagree
Strongly Agree
6) When performing a task, I prefer to
Agree
use a step-by-step process, working
Disagree
with small amounts of data at a time.
Strongly Disagree
Strongly Agree
7) In general, I accept the rules
Agree
Disagree
established.
Strongly Disagree
Strongly Agree
8) I pay more attention to the small
Agree
informational elements of a study or
Disagree
work material.
Strongly Disagree
Strongly Agree
9) I usually emphasize the global
Agree
context and not the specific aspects of
Disagree
the tasks I perform.
Strongly Disagree
Strongly Agree
10) The overall context of a situation is
Agree
the most relevant element for decision
Disagree
making.
Strongly Disagree
Strongly Agree
11) In many situations, I give answers
Agree
without giving much thought to them.
Disagree
Strongly Disagree
Strongly Agree
12) I enjoy experiencing new
Agree
situations.
Disagree
Strongly Disagree
Strongly Agree
13) I usually think a lot before making
Agree
decisions.
Disagree
Strongly Disagree
Strongly Agree
14) When reading a text, I pay more
Agree
attention to the general idea than to the
Disagree
informative details of it.
Strongly Disagree
Strongly Agree
15) I am able to formulate original and
Agree
creative responses frequently.
Disagree
Strongly Disagree
Strongly Agree
16) I usually think well before giving
Agree
an answer.
Disagree
Strongly Disagree
17) Faced with written material, I
Strongly Agree
emphasize each topic separately and
Agree
only then do I seek relationships
Disagree
between the parties.
Strongly Disagree
Strongly Agree
18) I enjoy daring and trying to create
Agree
something different.
Disagree
Strongly Disagree
Source: Based on Geller [7]

Weights
4.4211
3.3121
2.2541
0.51
4.421947
3.312937
2.254927
0.5917
4.4212
3.3122
2.2542
0.52
4.421945
3.312935
2.254925
0.5915
4.421948
3.312938
2.254928
0.598
4.4219
3.3129
2.2549
0.59
4.4213
3.3123
2.2543
0.53
4.42194
3.31293
2.25492
0.591
4.4216
3.3126
2.2546
0.56
4.4217
3.3127
2.2547
0.57
4.421949
3.312939
2.254929
0.599
4.4214
3.3124
2.2544
0.54
4.421947
3.312937
2.254927
0.5917
4.4218
3.3128
2.2548
0.58
4.4215
3.3125
2.2545
0.55
4.421948
3.312938
2.254928
0.5918
4.421946
3.312936
2.254926
0.5995
4.4215
3.3125
2.2545
0.55

Expertise level
Basic expertise
Intermediate expertise
Advanced expertise

Limiting factor
0 <= scores <= 500
500 <scores <= 800
800 <scores

Given the definition of the issues that would be addressed,
we prepared challenges considering the content and expertise
levels supported by the educational resource. We defined ten
challenges, each with three different variations. Each variation
has an increase in difficulty to contemplate the students’
expertise levels. The challenges involve exercises in which the
user must select a correct definition for some programming
concept, relate programming concepts, inspect a flowchart,
pseudocode or code, and indicate functionality or outputs,
implement functionalities in pre-established algorithms.
When developing the challenges for each content and
expertise level, we used our experiences when teaching the
course of introduction to programming. One of the developers
has been a professor of this course more than 15 times.
Therefore, we believe that we have managed to produce
challenges that can provoke students to carry them out. To
exemplify the challenges, three exercises of the educational
resource are described. Figure 1, for example, presents an
exercise in which the student needs to indicate forms that can
be used to represent an algorithm. In Figure 2, an exercise
is presented in which the student needs to select the correct
option that describes the definition of the command “printf”
in C programming language. Finally, in the exercise shown
in Figure 3, the student needs to inspect an algorithm and
complement it, based on a description of the algorithm and
some code snippets.
In addition to developing challenges for each content, we
also defined didactic materials for student support for each one
of the contents. We had to find teaching materials in different
formats (webpage articles, tutorials, videos and books) and that
were available in an open content format, to ensure that they
would be able to reuse it and not injure our open educational
resource characteristics.

Fig. 1. Example of an exercise of the basic level of knowledge

resource. If the student does not complete it, the challenges
will not be made available.

Fig. 2. Example of an exercise of the intermediate level of knowledge

Fig. 4. Instrument to detect the student’s cognitive style

Fig. 3. Example of an exercise of the advanced level of knowledge

After the user responds to the cognitive style instrument, he
will come across a set of exercises (See an example in Figure
5). These exercises are used by the educational resource to
gain an understanding of the experience that this user may have
regarding the programming domain. There is a brief instruction
on what the user will need to do. At that time, he will not
have supporting teaching materials at his disposal and will
be notified by the educational resource that he should avoid
using any consultation with third-party materials because the
educational resource intends to have a real understanding of
the student’s prior knowledge so that it manages to organize
the challenges before presenting it to the student.

F. Educational resource implementation
The previous sections seek to guide decisions that were
made in the establishment of the educational resource. This
section, on the other hand, aims to clarify aspects of the
development of the resource, in the sense of implementation
(coding).
The open educational resource was designed as a software
system intended for students who may be interested in
developing or improving their programming skills. The
resource has the four basic operations CRUD (Create,
Read, Update and Delete) to handle user data processing.
In this sense, the user will only be able to access the
main functionalities (challenges and teaching materials) after
signing up. Once the user is enrolled, he will be able to
access the resource, which must be done through a login and
password (both are defined by the user himself).
Once the student logs in to the educational resource, he will
be faced with an interface containing the instrument that aims
to identify his cognitive style (See Figure 4). Some instructions
are provided indicating that the user is required to complete the
instrument, as his responses will help the educational resource
to better understand the student’s profile, and this information
will be used to improve the student’s experience in using the

Fig. 5. Question to assess the expertise level

After the resource receives responses from users, it will
have ‘awareness’ about students’ contextual information.
Based on this, he will present the challenges to the student.
These challenges can be solved at any time the user wants.
Some examples of exercises have been described in Section
III–E. The teaching materials that we make available in the
educational resource can also be accessed from the moment
the student begins to perform the exercises.
To describe the flow of execution described throughout this
section, we used a UML (Unified Modeling Language) model.
Figure 6 graphically represents the behavior of the educational
resource considering its functionalities.

To implement the features discussed throughout this
section, we used the programming language PHP (Hypertext
Preprocessor), JavaScript and HTML (Hypertext Markup
Language). Besides, the data collected on user information
(profile and data that characterize contextual information) are
stored in a database. This database is managed, manipulated
and organized by the MySQL database management system.
Finally, it is worth noting that the challenges were
implemented using the Hot Potatoes1 . This software enabled
the creation of interactive challenges in different formats, such
Export Diagram
as multiple-choice, short response, confusing sentences, filling
in the blanks, among others. Because the software allows
Right click and copy image or Save as...
export in HTML and JavaScript format, we used the codes
and incorporate them into the educational resource.

intended to present the resource and encourage students to use
it. Thus, students would have to try the resource, perform the
challenges and consult the teaching materials available in the
educational resource. After interacting with the resource, we
planned an evaluation, so that students made their perceptions
of the educational resource explicit.
For the evaluation, we planned a form composed of six
statements and closed response options. We use different
response options, as shown in Table IV-A. We did this to draw
the student’s attention, aiming to make sure that he was careful
✕
when answering
the form.
TABLE III
E DUCATIONAL RESOURCE EVALUATION QUESTIONS
Assertions
1) When I first looked at the OER, I had the
impression that it would be easy for me.

2) The learning process of OER commands is
time-consuming.
3) It’s easy to forget how to carry out the actions
in this OER.
4) The presentation of the contents favored my
learning.
5) It is clear to me how the content of the
educational resource is related to things I already
know.

6) I learned some things that were surprising or
unexpected.

Response options
Not true
Slightly true
Moderately true
Mostly true
Very true
Disagree
Undecided
Agree
Disagree
Undecided
Agree
Disagree
Undecided
Agree
Not true
Slightly true
Moderately true
Mostly true
Very true
Not true
Slightly true
Moderately true
Mostly true
Very true

Fig. 6. Sequence diagram

IV. F EASIBILITY S TUDY
After the establishment of the open educational resource,
we conducted a feasibility study [24]. This study was intended
to determine whether the educational resource is feasible for
use in the context of students who are beginning to learn to
program. We carried out a plan to address this study, which
had the voluntary participation of some students. Finally, we
did some analysis to understand if the resource is viable for
its purpose.
A. Planning
Considering the objective of the feasibility study, we
planned an extension course with a 4-hour workload to be
offered to students at our university, who were starting to take
the programming course in the Computer Science bachelor’s
degree. The extension course was specific to students who
were interested in learning to program and who had already
started to study programming subjects.
We planned the course so that participants would use
the open educational resource during a 4-hour session. We
1 More

information available in: <http://hotpot.uvic.ca/>.

B. Execution
After carrying out the feasibility study planning, we
invited undergraduate students to participate in our extension
course. Despite widespread dissemination over a period of a
few weeks, we found 16 students interested in voluntarily
participating in our study. But even with a limited number
of students, we carried out the feasibility study. We hosted the
educational resource on a network server at our university and
conducted the study in a computer lab. Thus, the students did
not have to use their equipment.
As we had planned, we continued driving. During execution,
we notified students about taking the time to use the
educational resource to have fun, ask questions and learn.
Above the objective of the feasibility study was our interest
in making them learn through the educational resource.
After interacting with the educational resource, we asked
students to be careful when answering the form that was
intended to collect student feedback on some perceptions they
had when using the resource. We warned students that they
were supposed to select the response options that most closely
related to their feelings. We warned that we would like sincere
answers, because we intended to use the data to promote
improvements in the resource.

C. Results
After performing the study, we tabulated the results and
performed the analyzes. Table IV-C presents a summary with
the percentages of responses from the participants.
TABLE IV
P ERCENTAGES OF RESPONSES FROM THE PARTICIPANTS

6th

5th

4th

3rd

2nd

1st

?

Response option
Percentage (%)
Not true
12.5
Slightly true
12.5
Moderately true
50
Mostly true
6.4
Very true
18.8
Disagree
56.3
Undecided
15.5
Agree
31.3
Disagree
62.5
Undecided
18.8
Agree
18.8
Disagree
18.8
Undecided
6.2
Agree
75
Not true
0
Slightly true
18.8
Moderately true
31.3
Mostly true
31.3
Very true
18.8
Not true
18.8
Slightly true
18.8
Moderately true
43.8
Mostly true
12.5
Very true
6.3
Legend: ? – Assertive

Regarding the first assertive, we intended to understand
what was the initial perception that the OER provoked in
the students. We observed that most students believed that it
would be easy to use the educational resource. This result is
important, as it provides the feeling of self-confidence, and it
is the feeling that we would like the educational resource to
prove to students.
In the second statement, the purpose was to observe whether
the initial perception has changed. We hope to have raised a
question associated with the difficulty of learning how to use
the OER. Through the results, we found that most students had
no difficulties in learning how to use the resource. A similar
result was found in the third statement that questioned whether
students forgot the actions that needed to be taken to handle
the resources available in the OER.
As OER is sensitive to cognitive style and expertise level,
statements 4 and 5 were related to contextual information. In
the fourth statement, we try to understand if the students were
satisfied with the format of the teaching materials (i.e., how
the content was presented). In general, we observed that the
majority of the students were quite satisfied with the formats
of the supporting resources that are available in OER. The
fifth statement, on the other hand, seeks to understand whether
students were able to perceive that the challenges presented
by the OER were in accordance with the knowledge they had
when starting to use the resource. In our understanding, even
if the answers to this question did not focus on one of the
answer options, we believe that they managed to realize that
there was a treatment of the information that was provided.
Finally, in the last statement, our goal was to find out if
the students were able to learn by interacting with the OER.

Through the results, we observed that the students pointed out
different alternatives and the one that served a larger number
of students was ‘Moderately true’. This may indicate that
the students’ perception was not entirely true concerning the
effective learning of the content through the OER. On the other
hand, it also indicates that few students had a reverse feeling.
We believe that we need more focused results to assume that
the students can learn effectively through OER.
V. C ONCLUSIONS
Previous studies have reported on the problems associated
with learning to program [1], [25], [26]. In the work of
Souza et al., the authors raise problems that are being
discussed in the literature. Faced with these problems, the
computer education community, in particular programming
education, has established some mechanisms to support the
teaching of the content covered in courses on the subject.
Despite the innumerable initiatives promoted and the diverse
educational resources developed, they have not been made
available as an open educational resource. Also, there was
no concern so far about establishing educational resources
sensitive to the student’s programming context. On the other
hand, some discussions started to emerge in other contexts,
such as teaching computer networks and teaching software
engineering.
Given the problems encountered, we intended to present
some actions that we carried out towards the establishment
of an open context-sensitive educational resource. We take
inspiration from previous work by computer colleagues to
define what student information to use and how to handle
that information in the open educational resource. After the
establishment, we proposed and conducted a feasibility study
to understand the students’ perceptions of use. Although the
results are not statistically relevant, because the sample was
less than 30 participants, through the feedback expressed by
the students, we were able to have a view on some issues.
The study can be considered an initial work because we do
not yet have an empirical evaluation to show the community
that we are in the right direction. In this sense, as future work,
we hope to evolve our work, conduct an evaluation in a class
of students and collect again the perceptions of these subjects.
Although we do not have concrete results, we do provide the
open educational resource on Heroku2 as an app, which is
hosted on GitHub3 , hoping that the community will contribute
to its evolution.
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