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Abstract

The design and administration of methodological interventions is a possible way to address dropout and failure rates
in undergraduate introductory programming courses (CSI). However, to implement such strategies, it is required
to identify how CSI courses are organized and offered to students. In this work, we analyzed 225 syllabi from CS1
courses distributed in 95 Brazilian public universities. We collected these syllabi from Brazilian undergraduate pro-
grams with focus on Computer Science aspects. We report context information regarding the most covered topics,
most common CS1 course names, when undergraduates take the course, total class hours, and the programming
paradigms and languages taught. The results indicate that the Brazilian scenario has its own characteristics that dif-
fers from those presented in related work conducted in other countries or world regions. In Brazil, we identified 90%
of the analyzed CSI courses teaches the procedural paradigm, with C as the most common programming language
(53% of the total). These results differ from those conducted in other countries where Java and object-oriented are
the most common languages and paradigm taught in CSI courses. We believe that our results can be used to: (1)
provide an update to those interested in the Brazilian scenario of CSI courses; (2) support future interventions in
teaching and learning of CS1; and (3) support the Brazilian community in the development of future CSI syllabi.
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1 Introduction

The utilization of computers, as a tool, continues to expand in most diverse areas. In 2005, it
was estimated there would be over 90 million of end users in American workplaces, varying from
spreadsheet users to actual programmers (Scaffidi, Shaw, & Myers, 2005). As consequence of
this, more undergraduate programs are offering Computer Science (CS) classes to their students.
These classes are often referred as CS+X in the literature (Sloan et al., 2020). Although CS+X
classes are often in the Science, Technology, Engineering and Mathematics (STEM) field, such
as Cognitive Psychology (Brodley et al., 2022) and Biology (Dodds, Libeskind-Hadas, & Bush,
2010), they can also be found in other areas, such as Law (Sloan, Taylor, & Warner, 2017).

A typical course within the teachings of CS regards the concepts of computer program-
ming. In 1978, the Association for Computing Machinery (ACM) defined the terms CS1 and CS2
to describe the first two programming courses a student takes in an CS undergraduate program
(Austing, Barnes, Bonnette, Engel, & Stokes, 1979). These terms have been used over 40 years,
typically assigning CS1 to basic concepts of programming, and CS2 to data structures. However,
there is no consensus of what exactly should be taught in these courses (Hertz, 2010). Litera-
ture reviews also beckon this statement by mentioning that publications regarding CS1 course
contents are still stable over the last few decades (Becker & Quille, 2019; Luxton-Reilly et al.,
2018). In Brazil, CS1 courses have many different names, even within a same higher education
institution (Nascimento, 2018). Examples of the names include “Introduction to Programming”,
“Introduction to Algorithms”, “Algorithms and Data Structures”, “Algorithms and Computer Pro-
gramming”’, among others.

Usually, undergraduate students start developing their logical and systematical thinking in
CS1 courses. These courses also present a first programming language to the students. In other
words, CS1 courses are an important background not only for the remainder of the CS under-
graduate program, but also for the professional formation of the undergraduates (Campos, 2010;
Sobral, 2019). However, along with this importance, CS1 teaching faces recurrent challenges
regarding high rates of failure and dropout (Bosse & Gerosa, 2015; Kinnunen & Malmi, 2006;
F. Pereira et al., 2020; Petersen, Craig, Campbell, & Tafliovich, 2016; Walker, 2017). To help
solving these problems, several research with interventions in teaching and learning of CS1 have
been made (L. Araujo, Bittencourt, & Chavez, 2021; Caceffo, Gama, & Azevedo, 2018; Cac-
effo, Wolfman, Booth, & Azevedo, 2016; Lima, Carvalho, Oliveira, Oliveira, & Pereira, 2021;
Vahldick, Marcelino, & Mendes, 2021).

Given the importance and the challenges that CS1 courses have, how do we construct so-
lutions that will work in the multiple scenarios in which teaching and learning of these courses
happen? In terms of programming being hard to learn, Luxton-Reilly (2016) said that we make
introductory courses difficult by establishing unrealistic expectations upon novices. The same
author also stated that revisiting what is expected from students at the end of introductory pro-
gramming courses might be the key to improve students’ learning, address negative impacts of
disciplinary measures, and create a more equitable environment in these classes. A possible first
step to revisit what is expected from students would be to understand which concepts are being
taught in CS1 courses. This step proves to be another challenge because some educators might
say that all introductory programming courses teach the same thing: the basics of computer sci-
ence and computer programming (Luxton-Reilly et al., 2018). However, if we are to follow this
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rationale, there would be no need for research about CS1 curricula - and that does not happen in
practice.

This work was motivated by the potential that an assessment of the characteristics CS1
courses could have. Among these characteristics were the most covered topics. With this list
of the frequency of the topics, researchers would be able to understand which topics are most
or least covered so they could construct teaching and learning interventions. However, to ensure
that this assessment would be holistic, the search ought to be done not only in terms of quantity,
but also covering a broad geographic context. We decided to focus on Brazil because: (i) as
far as we know, similar research in the literature do not state that Brazil was covered in their
results (Avouris, 2018; Becker, 2019; Becker & Fitzpatrick, 2019; Hertz & Ford, 2013; Schulte
& Bennedsen, 2006); and (ii) we did not find any other work that conducted a holistic search in
Brazil to assess the characteristics of CS1 courses with focus on the most covered topics. Finally,
we decided to limit our research to Brazilian public universities, which are composed by federal,
state, and municipal institutions. Public universities were selected because they are present in
all geographical regions of the country, and they are the ones that most appear in international
rankings, such as the World University Rankings of the Times Higher Education!.

An interesting approach to help with the research of the most covered topics would be to
consult entities that are directly involved with the design of undergraduate programs. In Brazil, the
organization and research of CS teaching have always been conducted by the Ministry of Educa-
tion together with the Brazilian Computer Society (SBC). Among the contributions by both groups
are discussions that elaborate and assess CS undergraduate programs. The Formation Guidelines
for Computer Science Undergraduate Programs (Zorzo et al., 2017) are a result of several research
that culminated in orientation to develop pedagogical projects. The document is organized by the
types of CS undergraduate program in Brazil. In a global scenario, the Computing Curricula 2020
(CC2020 Task Force, 2020) provides recommendations in the same way. ACM and the Institute of
Electrical and Electronic Engineers (IEEE-CS) elaborated this document, and it is also endorsed
by SBC.

The Formation Guidelines and the Computing Curricula 2020 are well suited documents for
the creation of pedagogical projects. However, they focus on competencies that each student must
develop by the end of the undergraduate program, not necessarily being achieved in each of the
courses. Considering this, they would not be the ideal source to obtain information specifically
for CS1 courses. In this work, we chose to search and analyze documents that had already been
created by the public universities: their pedagogical project and the syllabi for CS1 courses. By
analyzing these documents, we would be able not only to identify the covered topics, but also
other characteristics of the CS1 courses.

We created five research questions to contextualize the Brazilian CS1 courses from public
universities:

RQ1: What are the most common topics covered in CSI courses from Brazilian public universi-
ties?

RQ2: What are the most common CSI courses’ names from Brazilian public universities?

RQ3: When do Brazilian public universities’ curricula suggest students take the CSI course?

Thttps://www.timeshighereducation.com/world-university-rankings

409


https://www.timeshighereducation.com/world-university-rankings

Silva et al. RBIE v.31 — 2023

RQ4: What is the average of the total class hours of the CSI courses from Brazilian public
universities?

RQS: What are the programming paradigms and programming languages taught in CS1 courses
from Brazilian public universities?

We manually searched the websites for 157 Brazilian public universities and curated 225
CS1 syllabi present in a total of 95 institutions. We used the pedagogical projects together with
the CS1 syllabi to answer each of the aforementioned research questions. Our results indicate that
the Brazilian scenario has characteristics that differs from those in other countries, such as the
programming paradigm and languages that are taught.

We believe that our results can contribute to researchers interested in an update about the
context of CS1 teaching in Brazil, especially in worldwide research where the spoken language can
be a barrier (almost all Brazilian syllabi we found were only in Brazilian Portuguese, for example).
The results can also be used to help in the construction of teaching and learning interventions of
CS1 courses. Lastly, we believe that the list of most covered topics can also be used in the creation
of new syllabi by Brazilian higher education institutes.

The remainder of this paper is organized as follows. In Section 2 we present the background
and related work. In Section 3 we detail the methodology used, followed by the obtained results
in Section 4. We discuss the obtained results in Section 5. In Section 6 we present the limitations
and threats to validity of this research. Lastly, the conclusions are presented in Section 7.

2 Background and Related Work

The syllabus is a valuable tool in higher education because it is often the first formal way in which
students receive information about a course. Syllabi analysis is important because the syllabus
is an educational tool with functionalities that are commonly unknown to administration, faculty,
and students (Eberly, Newton, & Wiggins, 2001). While designing a syllabus or course outline,
the instructor needs to take careful consideration of topics covered, assignments’ due, and learning
objectives (McKeachie, 1978). McKeachie (1978) also says that, for undergraduates, the syllabus
establishes expectations and directions for a particular course, thus providing a way of security.
Even though the definitions of what a quality syllabus has not been clearly defined (Eberly et
al., 2001), some suggested models go way beyond the aforementioned characteristics. A course
calendar, grading information with the rubrics that are used, additional resources, and a guide to
use the syllabus are examples of suggested items to be included in a syllabus (Grunert, 1997).

Becker and Fitzpatrick (2019) analyzed syllabi from CS1 courses of 916 institutions present
in the QS World University Rankings from 2016-20172. The authors were motivated to answer
what exactly CS1 teachers expect from their students at the end of the introductory course. While
they were searching for learning outcomes, a total of 15 topics were among the most covered:
testing and debugging, writing programs, and selection statements were the top three. Becker and
Fitzpatrick also reported information about the most used programming languages, in which Java,
Python, and C++ were the most used. Finally, they also created an online tool for the community

Zhttps://www.topuniversities.com/university-rankings/world-university-rankings/2016
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in which it is possible to sort and analyze their gathered date about the syllabi. However, as
mentioned in their work, they could only process English-created material. We believe this could
possibly be the reason Brazil was not present in their analysis.

Porfirio, Pereira, and Maschio (2021) also did an analysis of syllabi from CS1 courses. They
consulted 10 Brazilian federal universities (two for each geographic region) listed in the RUF 2018
Ranking?® for Computing Programs. The authors were interested in discovering basic concepts that
every student should master independently of the adopted approach in CS1 courses. In their work,
they reported 10 most covered topics, with conditional structures, repetition structures, and data
types being the top three. The authors’ main goal was to create an automated assessment of
computer programming skills by analyzing source code, called the A-Learn Evld method.

Syllabi analysis is also present in other CS related areas. Fréchet, Savoine and Dufresne
(2020) analyzed syllabi of text-analysis courses from 45 graduate political science programs. The
authors presented a systematic method for analyzing syllabi and retrieving information to help
early-career professors and political science departments to build syllabi for text-analysis courses.
The authors reported a method for evidencing most cited academic papers and books used in the
syllabi, and about the choice of software between R or Python. Using the same systematic method,
Abad, Ortiz-Holguin, and Boza (2021) analyzed syllabi of 51 Distributed Systems courses to
answer if what is being taught in these courses matches important curricula initiatives. The authors
reported the most covered topics, books, and papers listed in the analyzed syllabi of Distributed
Systems courses.

The aforementioned studies used syllabi analysis approaches to find common topics in CS1
and CS related areas, sometimes extending it to other information also presented in these doc-
uments. However, analyzing syllabi has been deemed a challenging task to do in a large scale
(Becker & Fitzpatrick, 2019; Tew & Guzdial, 2010). As a result of this, other ways of listing top-
ics in CS1 were used in the literature, such as surveying academics (Hertz & Ford, 2013; Schulte
& Bennedsen, 2006) and textbook analysis (Berges & Hubwieser, 2013; Tew & Guzdial, 2010). In
general, these studies did not have the most covered topics as a main objective, but instead focused
on aspects such as importance or difficulty perceived of said topics. Hertz and Ford (2013) culled
a list with 17 topics from the literature and surveyed CS1 professors to investigate correlations
between the importance of these topics and students’ developed skills. Schulte and Bennedsen
(2006) did a similar approach in surveying professors to find what they teach, what they believe
that should be taught, and the CS1 topics students tend to have difficulty with. Their survey used
a list of 28 topics to compose the analysis.

Berges and Hubwieser (2013) developed a semiautomated mechanism for textual analy-
sis. The authors used this mechanism with five CS1 books, which addressed the object-oriented
paradigm, to elaborate Concept Specification Maps. Their provided list of topics varied for each
book, with their most populated listings ranging between 17 and 18 topics. Tew and Guzdial
(2010) used a bottom-up approach with 12 textbooks to identify concepts taught by multiple CS1
courses. Their initial analysis culminated in a wide list with more than 400 topics. However, after
further refinements that used other established curricula, and sorting concepts by programming
paradigm, they ended with a list of 29 topics. In the end, the authors used their result to create a
validated assessment of CS1 topics known as Foundational CS1 (FCS1) (Tew & Guzdial, 2011).

3https://ruf folha.uol.com.br/2018/ranking-de-cursos/computacao/
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We present a summary of the presented related work in Table 1. We briefly compare the
methodology, total of respondents, syllabi or textbooks analyzed, and if each work covered Brazil
in their analysis. We omitted research from Abad et al. (2021) and Fréchet et al. (2020) from the
table because they did not evaluate CS1 courses.

Table 1: Summary of the related work presented in this section. Table is sorted alphabetically by the methodology.

Research Methodology N  Covered Brazil?
(Hertz & Ford, 2013) Online survey with instructors 99  Not mentioned*
(Schulte & Bennedsen, 2006)  Online survey with instructors 349  Not mentioned*
(Becker & Fitzpatrick, 2019)  Syllabi analysis 234 No
(Porfirio et al., 2021) Syllabi analysis 10 Yes
(Berges & Hubwieser, 2013)  Textbook analysis 5 N/A**
(Tew & Guzdial, 2010) Textbook analysis 12 N/A**

This work Syllabi analysis 225 Yes

*Authors did not mention Brazil among the respondents’ location.
**Verification not applicable since the methodology used textbooks.

Our work differs from the studies done by Becker and Fitzpatrick (2019) and Porfirio et al.
(2021) because we analyzed 225 CS1 syllabi from Brazilian public universities, covering all geo-
graphical regions. We also report more information such as most common names of CS1 courses,
research question also presented in Abad et al. (2021) albeit their focus was on Distributed Sys-
tems courses. Our ranking of the most covered topics was done without filters of importance nor
perceived difficulty of these topics, differing from other studies in the field that identify difficult
topics and develop methods to mitigate these difficulties (A. Araujo et al., 2021; L. Araujo et
al., 2021; Caceffo et al., 2016; R. Pereira, Peres, & Silva, 2021). These kind of research shows
where they succeeded or failed, thus enriching the community (Valentine, 2004). However, the
field could benefit more from empirical applications involving the results obtained for the already
developed methods instead of creating new ones (Luxton-Reilly et al., 2018).

3 Methods

In this work, we gathered data directly from publicly available sources provided from Brazilian
universities to answer each proposed research question. As previously stated, we decided to focus
on public universities because they are the most present in rankings, and they cover all Brazilian
geographical regions, thus providing a broad criterion for analysis.

In Brazil, public universities are higher education institutions financially maintained by the
government. As consequence of this, one of their main characteristics is to serve the public and
collective interest (FIA, 2019). Public universities are also known for their rigorous undergradu-
ate admission process based on entrance exams, and the absence of tuition costs for the students.
There are three types of public universities in Brazil: federal, state, and municipal. To guide our
research in an ordered manner, we used three listings that described the universities from each
desired group. According to the lists, there are 69 federal (Wikipedia, 2021), 47 state (Wikipedia,
2022a), and 41 municipal (Wikipedia, 2022b). Since many undergraduate programs can offer CS1
courses, we decided to limit our scope to Computer Science related undergraduate programs. As

412



Silva et al. RBIE v.31 — 2023

the Formation Guidelines (Zorzo et al., 2017) were organized by CS undergraduate programs, it
seemed appropriate to use them in our work. We analyzed the following programs: Bachelor in
Computer Science, Bachelor in Computer Science and Engineering, Bachelor in Software Engi-
neering, and Bachelor in Information Systems. Another analyzed program can be described as
a degree in Computer Science that prepares CS teachers to act in Brazilian’s first and secondary
educational levels. We did include undergraduate programs with minor difference in their names
from the ones we sought, as well as programs which were in person or in distance learning format.
It is important to state that even though undergraduate programs that offers a Technology degree
are present in the Formation Guidelines, we did not include them in our research.

3.1 Data Collection

The entire process of data collection was done manually since data had to be collected directly
from publicly available sources from the institutions. The following steps describe how this pro-
cess occurred for all types of public universities (federal, state, and municipal):

1. Selection of a public university from the corresponding base listing (Wikipedia, 2021,
2022a, 2022b). This base listing was composed of two types of institutions: universities
and colleges. However, as our focus was Brazilian public universities, we discarded the
latter type of institution from our analysis.

2. Navigation to the university’s official website.

3. Search for the desired undergraduate programs offered by the university. We decided to
verify all possible campi that had each targeted program so that we could identify distinct
versions that CS1 programs may have. This step repeated itself until all desired undergrad-
uate programs were analyzed. If the university did not have any of the targeted programs, it
was discarded from our analysis.

4. We used two criteria for determining if a course was considered as CS1: whether it had
focus on teaching computer programming concepts (including or not the teaching of a pro-
gramming language); and whether it was the first course with this former criterion listed in
the university’s suggested curriculum order. Our approach was similar to Guo’s (2014) as
we did not consider courses that only teach basic computer literacy. If more than one course
had both criteria, we compared their syllabi and chose the one which had more topics cov-
ered. However, if a public university had two courses that taught different programming
paradigms in the same curricular period, both courses were included. Also, if a CS1 course
was divided into two, one taught in class and the other in the laboratory, we merged both.

5. Once a CS1 course had been identified, two documents were searched to answer the pro-
posed research questions: the pedagogical project of the undergraduate courses, and the syl-
labus of the CS1 courses. We expected both documents to complement themselves regarding
the information we needed, but our focus was the syllabi. However, these documents were
not always sufficient to identify what we wanted. In some cases, the syllabi were already
present in the pedagogical project, in others, though, they were not, leading us to search the
institution’s website for more documents. One example of other type of document was the
program contents for a specific semester. If we could not find any other document within
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their website, we Google searched “<institution name> + <CS1 course name> + <syllabi>"
(in Brazilian Portuguese) to find instructors’ personal websites or repositories that contained
information about the syllabi. If we could not find or did not have access to any syllabi in-
formation using the aforementioned methods (sometimes the official websites were offline
or they required login information to have access), the CS1 course was discarded from our
analysis even if we had found other desired information about it.

6. Saving of the retrieved data by collecting and pasting directly from the sources.

At the end of the data collection process, we had one main document for each type of public
university (federal, state, and municipal). The documents were organized by geographical region,
institution, undergraduate program and CS1 course name. The data was collected in two cycles:
the first happened during July and September of 2021, in which we focused on federal universities;
and the second happened during April and July of 2022, in which we covered state and municipal
universities.

3.2 Data Analysis

Since we used different approaches to answer the proposed research questions, we decided to
describe the analysis methods for each one. We had identified two issues before our analysis
began: the possibility of having multiple equivalent CS1 courses from the same institution in the
assembled documents, and whether we would use or not the public universities’ names in our
results.

As we believe that having multiple equivalent CS1 courses would not add any impact in
the results, we decided to maintain only one version of the equivalent courses, discarding the
rest. This process only happened when the retrieved documents clearly stated that those courses
were equivalent to each other. This also means that there was one syllabus per CS1 course. In
the remainder of this article, we use these terms (CS/ course and syllabi) as synonyms when
representing results. As for the other issue, we chose to present only the public university names
in Appendix 1. The reason for this was because we did not have any intention of highlighting nor
comparing these institutions in respect to how they structure their CS1 courses.

One final information we used in our general analysis was the specified year in which the
data began to be officially recognized by the public university. We collected this information from
each analyzed document e.g., the year in which the pedagogical project for the undergraduate
program began. We decided to present this information to illustrate how old the collected data
was. The emphasis in officially recognized means that if the university did have a more recent
pedagogical project but it was still in the process of approval, we used the official one at that time.
If we used more than one document to collect data about a CS1 course, we considered the year of
the most recent one.

RQ1: What are the most common topics covered in CS1 courses from Brazilian public universi-
ties?

A CS education researcher analyzed the syllabi to identify the topics. For each found syl-
labus, he listed each of the covered topics in a worksheet. The list expanded with new topics as
more syllabi were analyzed. During this analysis, the researcher used his experience to identify
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and group together topics with different names but meant the same concept. At the same time, the
covered topics present in distinct syllabi were signaled and counted when the analysis ended.

Once the researcher had finished assembling the list with the topics and their frequencies,
we sorted them decreasingly by the frequency. Since the goal was to identify the most common
topics, we decided to report a subset of the initial list because the first assembled listing had many
items. This subset was composed by applying two minimum thresholds regarding the frequen-
cies. Finally, we decided to compare our listing with those assembled from related work. This
comparison checked whether the topics were present or not in the other listings.

RQ2: What are the most common CS1 courses’ names from Brazilian public universities?

We created a worksheet containing all the retrieved CS1 courses’ names to answer this ques-
tion. Even though courses that were divided into theoretical and practical classes were merged, we
decided to keep only one name in the analysis (generally being the course regarding the theoretical
class). The reason for that was because in most cases in which this situation occurred, the names
were, for example, “Algorithms” and “Laboratory of Algorithms”. If a course had numbered and
not numbered names, we chose to consider both e.g., “Algorithms” and “Algorithms 1”. This
decision was made because this occurrence means that some universities have subsequent courses
with the same name.

RQ3: When do Brazilian public universities’ curricula suggest students take the CSI course?

To answer this question, we analyzed how the public universities divide their curricula, as
some institutions organize them by semester (semiannual), and others, by years (annual). Then
we grouped together when their CS1 courses were suggested for the students to take e.g., first
semester or first year. There were some cases in which even though the institution divided their
curricula in years, the CS1 course only happens in one of its semesters. When this happened, the
course was considered as semiannual.

RQ4: What is the average of the total class hours of the CSI courses from Brazilian public
universities?

Since not all CS1 courses explicitly stated how their class hours are divided (e.g., theory and
practice), we chose to consider the absolute total. In other words, even if a specific CS1 course
stated how its class hours are divided, the hours were summed. The same rule applied in cases
when one CS1 course was divided into theoretical and practical classes. Before computing the
average, we grouped courses with similar length. The reason for that was because it would not
be reasonable to aggregate the total class hours for semiannual and annual courses. CS1 courses
that happened in one semester of a scholarly year were considered as semiannual for this analysis.
Finally, it is important to say that this data was not available for all found CS1 courses.

RQS: What are the programming paradigms and programming languages taught in CS1 courses
from Brazilian public universities?

The syllabi from the CS1 courses were used to answer this question. However, the retrieved
syllabi did not always explicitly state the paradigm or the language. When this happened, the
researcher responsible for the analysis decided to infer it from both the syllabus description and the
suggested bibliography. While the paradigm could also be inferred by the programming language
(e.g., Haskell would imply the functional paradigm), most object-oriented languages can be used
to teach the procedural paradigm or the object-oriented paradigm (know together as the imperative
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paradigm) (Luxton-Reilly et al., 2018). Based on this, the researcher classified the paradigm based
on his experience regarding the topics covered in the CS1 course. It was reported, inferred or not,
a programming paradigm for every syllabus analyzed.

As for the programming language, the researcher consulted the suggested books in the bib-
liography (both basic and recommended) in the order they were listed. Then, he used the first
one in which it was possible to infer a programming language. It is important to say that not all
retrieved syllabi included a bibliography, and some books did not specify or used more than one
programming language. In these cases, the language was classified as not possible to infer. We
report the percentage of each inferred paradigm and language in our results in Section 4.

4 Results

In this section, we describe the results obtained with the execution of the data collection and
analysis detailed in Section 3. We begin by presenting the general information about the public
universities and the retrieved documents. Then we report the results for each research question,
focusing on details about the application of the proposed methods. We present the discussion
about the results and the answers for each research question in Section 5.

4.1 General Information

Table 2 presents the total amount of public universities and CS1 syllabi analyzed in this research.
The associated type of public institution (federal, state, and municipal) is also described. For
the public universities, we report the total that was present in the base listings (Wikipedia, 2021,
2022a, 2022b), the total universities that offered a targeted CS related undergraduate program
for this research (detailed in Section 3), and the total universities that we used to compose our
main results. For the CS1 syllabi, we report the total syllabi that we retrieved from the analyzed
documents, and the distinct syllabi that we used to compose our main results. In total, we used 95
public universities and 225 CS1 syllabi in our main results.

Table 2: General distribution of the public universities and CS1 syllabi analyzed.

Universities | CS1 Syllabi

Type of Present in Had Targeted

institution  Base Listings  CS Programs Used | Retrieved  Used

Federal 69 63 61 195 150

State 47 35 32 88 72

Municipal 41 15 2 8 3
Total 157 113 95 ‘ 291 225

Table 3 presents the geographic distribution of public universities and CS1 syllabi. We
decided to report this distribution only for the universities and syllabi that composed our main
results. In other words, Table 3 expands the numbers reported on both Used columns from Table
2. Our results managed to provide a broad analysis in terms of covering all Brazilian geographic
regions in this research. This was only possible because of the federal universities since, after the
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discarding process mentioned in Section 3, state and municipal institutions were not present in all
regions.

Table 3: Brazilian geographical distribution of the public universities and CS1 syllabi that composed the main results of this research.

Universities | CS1 Syllabi

Region Federal State Municipal ‘ Federal State Municipal

Center-west 8 3 0 17 10 0
North 9 0 0 22 0 0
Northeast 17 12 0 48 20 0
South 9 8 1 28 17 1
Southeast 18 9 1 35 25 2

Total 61 32 2 ‘ 150 72 3

The distribution of the years of the documents in which we retrieved the syllabi information
from is represented in Figure 1. As explained in Section 3, we only used the most recent docu-
ments that were officially recognized by the university. We assessed this factor even when we had
to use other sources (such as class slides retrieved from instructors’ websites) by checking if their
publication year was within the official pedagogical project from the undergraduate program of
the institution at that time. We present the distribution for each type of public university (federal,
state, and municipal). The asterisk in 2022 indicates that the process of data collection and analy-
sis happened between 2021 and 2022, meaning that the retrieved documents in 2022 could not be
valid for the whole year. The numbers do not add up to 225 because we could not identify a year
for 8 syllabi. While there were documents dating from as far as 2006, more than half (116) were
from 2018 to 2022.

4.2 RQ1: CS1 Topics

As described in Section 3, we identified different CS1 topics by manually reading all the 225 syl-
labi from CS1 courses that were not considered equivalent to each other. We organized the initial
listing by counting how many syllabi each topic covered, then we sorted the list decreasingly. In
total, 72 different topics were identified. Although we decided to omit this initial list from our
reports, we illustrate the frequency distribution of the 72 identified CS1 topics in Figure 2. The
analysis of this distribution indicated that 51 different topics were present in less than 25 common
syllabi. In other words, this means that approximately 71% of the identified topics were common
to less than 11% of the total syllabi used in this research. On the other hand, there was no topic
common to all 225 syllabi. We discuss the possible causes of both factors in Section 5.

Table 4 presents the ranking of the most covered topics. Since we were interested in the
most common (RQ1), we decided to consider a subset of the initial listing with 72 topics. To do
that, two thresholds were applied based upon the total of 225 syllabi used: the first was 10%, and
the second was 33%. In total, 21 topics remained after applying the first threshold, and after the
second, 12 topics remained. For each topic we report: the descriptive name, in which we tried to
describe the different ways each syllabus referred to a same topic; the total number of the syllabi
that each topic had in common; and, as a complement of the latter, the fraction of its frequency in
terms of the 225 syllabi used. Table 4 is already represented with the initial threshold i.e., all the
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Figure 1: Distribution of the publication year of the retrieved documents that contained syllabi information. N = 217. It was not possible to retrieve
the year in 8 syllabi. The asterisk in 2022 indicates that the corresponding retrieved syllabi might not be valid for the whole year since the data
collection happened between 2021 and 2022.

21 topics appeared in at least 33% of total syllabi. A horizontal line defines the second threshold:
the first 12 topics appeared in at least 10% of total syllabi.

The comparison of our listing with related work is also present in Table 4. We used the
listings retrieved from Becker and Fitzpatrick (2019) and Porfirio et al. (2021) because they also
analyzed CS1 syllabi. We also included the listings from Hertz and Ford (2013), and Schulte and
Bennedsen (2006) to the comparison. It is important to notice that we only considered the 15
most covered topics from Becker and Fitzpatrick (2019) since the authors explicitly highlighted
them. As explained in Section 3, we compared if a topic in our listing was present or not in the
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Figure 2: Frequency distribution of the presence of the initial 72 identified CS1 topics.

others, marking the presence with the v'symbol. An example reading of Table 4 is that the topic
Conditional commands appeared in 204 syllabi, and was common to 91% of all 225 syllabi. The
same topic is also present in Becker and Fitzpatrick (2019), Porfirio et al. (2021), Hertz and Ford
(2013), and Schulte and Bennedsen (2006).

4.3 RQ2: CS1 Courses’ Names

We collected the CS1 course name directly from the used syllabi to calculate the results. The
methodology was analogous to the one used in finding the most covered topics: we counted the
frequency of each course name and ranked their total decreasingly. Table 5 presents the listing
with the most common names. The total does not add up to 225 because we decided to omit names
that appeared less than 5 times. It is important to notice that the translation of the course names
was conducted by ourselves. This means that the names might not be exactly how each public
university would translate them officially.
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Table 4: Ranking of the most covered CS1 topics from Brazilian public universities. The horizontal line highlights the second threshold applied.
Becker, Porfirio, Hertz, Schulte represent listings retrieved from (Becker & Fitzpatrick, 2019; Porfirio et al., 2021; Hertz & Ford, 2013; Schulte &
Bennedsen, 2006), respectively.

Topic Total % Becker Porfirio Hertz Schulte
Conditional commands 204 91 v v v v
Variables, constants, and assignments 201 89 v v v v
Repetition commands 200 89 v v v v
One-dimensional homogeneous composite variables 184 82 v v v v
Arithmetical, logical, and relational expressions 181 80 v v Ve
Functions, modularization, subprograms 180 80 v v v v
Multidimensional homogeneous composite variables 173 77 v v v
Data input/output 141 63 v v v
Algorithm representation forms 127 56 v v
Heterogeneous composite variables 118 52 v v
Recursion 85 38 v v v
Scope of variables and parameter usage 82 36 v v
File handling 69 31 v v
Basic computer organization 64 28
Pointers and dynamic memory allocation 61 27 v
Debugging 40 18 v v v
Documentation 37 16 v
Testing 33 15 v v
Sorting algorithms 30 13 v
Search algorithms 30 13
Programming environments 22 10 v

Table 5: Most common CS1 courses’ names from Brazilian public universities.

Name (original) Name (our translation) Total
Programacio 1 Programming 1 23
Introducdo a Programacao Introduction to Programming 20
Algoritmos e Programacdo 1 Algorithms and Programming 1 16
Algoritmos e Estruturas de Dados 1 Algorithms and Data Structures 1 16
Algoritmos Algorithms 15
Algoritmos e Programacio Algorithms and Programming 14
Algoritmos 1 Algorithms 1 11
Fundamentos de Programacao Programming Fundamentals 10
Introducio a Computacio Introduction to Computing 6
Técnicas de Programacéo 1 Programming Techniques 1 5
Programacgdo de Computadores 1 Computer Programming 1 5
Algoritmos e Programacéo de Computadores ~ Algorithms and Computer Programming 5

4.4 RQ3: When Students Take the CS1 Course

We mostly used the pedagogical projects from each undergraduate program to identify when the
public universities suggests that the students take the CS1 course. As explained in Section 3,
each course was separated in terms of their duration and how each public university divided their
curricula. Table 6 presents the results obtained in this analysis, sorted by the total number of CS1
courses for each suggested period. The guarter suggested period is composed of a four-month
cycle, meaning that the institution divided its scholarly year in three quarters.
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Table 6: Periods in which Brazilian public universities suggests that students should take the CS1 course.

Suggested Period CS1 Courses

1st Semester 194
2nd Semester 17
1st Year 10
2nd Year 2
1st Quarter 1
4th Semester 1
Total 225

4.5 RQ4: Class Hours Duration

Since most of the CS1 courses happened in an annual or semiannual format, we decided to group
them by this category independently of when the CS1 course is suggested in the curriculum. This
means that we considered courses in the 1st or 2nd Year as annual, and courses in the 1st, 2nd,
and 4th Semester as semiannual (these items are from Table 6).

108
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O 40
20
14
’ 10
PR LL%&a_ﬁj
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Figure 3: Total class hours distribution. N = 220. It was not possible to retrieve the class hours in 5 syllabi.

Figure 3 illustrates the distribution of total class hours (combining theory and practice) for
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both semiannual and annual CS1 courses. An example analysis of the figure reveals that 108
semiannual CS1 courses had a total class duration between 60 and 75 hours, while only 1 annual
course fell within the same interval. On average, semiannual courses had a total class duration of
79 hours, with a standard deviation of 21. In contrast, annual courses had an average total class
duration of 146 hours, with a standard deviation of 54. It should be noted that class hours for five
courses, including the one classified in the 1st Quarter (Table 6), could not be found.

4.6 RQS5: Programming Paradigms and Languages

As mentioned in Section 3, the syllabi were used to identify the programming paradigms and
languages taught in the CS1 courses. However, this information was not often explicitly stated.
Because of that, we decided to infer it from the covered topics and the bibliography listed in the
syllabi. Table 7 presents the programming paradigms taught in CS1 courses, sorted decreasingly
by the total number of courses. Table 8 lists the programming languages, also sorted decreasingly
by the total number of courses. For both tables, we also inform the approximate percentage of
courses in which we had to infer the information. This means that, for example, in Table 7, from
the total of 202 courses identified to teach the procedural paradigm, 92 (46%) were inferred from
the syllabi (using the covered topics). Another example, in Table 8, from the total of 120 courses
that taught the C programming language, 86 (72%) were inferred from the syllabi (using the first
listed item in the bibliography in which it was possible to infer a programming language). On a
final note, the CS1 courses from Table 7 do not add up to 225 because we omitted one CS1 course
that taught computational thinking concepts. The CS1 courses from Table 8 also do not add up to
225 because we could not infer the programming language of 57 syllabi.

Table 7: Programming paradigms taught in CS1 courses from Brazilian public universities.

Paradigm CS1 Courses Total (%)* Inferred (%)**

Procedural 202 90 46
Object-oriented 16 7 0
Functional 6 3 33

* 9% of all 225 CS1 courses.
*% 9% of the corresponding number of CS1 Courses.

Table 8: Programming languages taught in CS1 courses from Brazilian public universities.

Language CS1 Courses Total (%)* Inferred (%)**

C 120 53 72
Python 19 8 68
Java 10 4 80
Pascal 7 3 71
C++ 6 3 83
Haskell 5 2 60
Scratch 1 <1 100

* 9% of all 225 CS1 courses.
** 9% of the corresponding number of CS1 Courses.
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5 Discussion

We present the discussion of the obtained results in this section. We begin by discussing the assets
used in this work (public universities and the syllabi), then we follow by the contextualization of
the CS1 courses from public Brazilian universities (RQ2-RQ5), and finally we address implica-
tions regarding the most covered topics in these courses (RQ1).

5.1 Brazilian Public Universities

The distribution of public universities presented on Table 2 indicates that there are more federal
institutions than state and municipal, although these last two have similar numbers. However, it
becomes clear that not all institutions offer the CS undergraduate programs that we were inter-
ested in. Specifically in terms of the municipal institutions, approximately only one third of the
total offers these CS undergraduate programs. This could be explained by the fact that there are
municipals dedicated to specific areas such as Medicine, Humanities or Law: these institutions
did not offer any CS undergraduate program. The same fact could also be applied to state and
federal universities, albeit in a lower rate of occurrence. There is also the fact of the presence of
programs that offers a Technology degree: they were sometimes present in institutions, but we did
not analyze them. We also discarded CS1 courses that we were not able to retrieve the syllabi,
thus, if this occurred for all CS1 courses from an institution, the whole institution was discarded.
While the number of federal and state universities did not vary much between the ones that had a
CS undergraduate program of interest and the ones used, these totals varied for municipal institu-
tions. In fact, we had difficulties in finding the syllabi for the CS1 courses present in the municipal
universities.

As mentioned in Section 4, the geographic distribution of the public universities used in this
research (Table 3) covered all Brazilian geographic regions albeit it was only possible because of
the federal institutions. Northeast, southeast, and south are the regions with most universities and
syllabus for CS1 courses used in this research. We believe that the reason for this was the presence
of different CS1 courses in different campi from the same institution that were not equivalent to
each other. These regions are the most populated in Brazil. Porfirio et al. (2021) mentioned to
have retrieved ten syllabi from ten federal public universities: two for each Brazilian geographic
region. Since we managed to analyze 225 syllabi, our results can be seen as an update to theirs.

The year distribution of the retrieved documents (Figure 1) concentrates more than half
in more recent years, with 2018 being most frequent year. This result could indicate that these
documents might be close to what is being currently taught in the CS1 classes from Brazilian
public universities. However, as explained before, we did not consider pedagogical projects still
under approval at that time. This means that an updated version of the CS1 could be in effect by
the time of the publication of this research if the new pedagogical project was approved in the
meantime. The documents retrieved in the years 2020 and 2021 are also important to consider. As
consequence of the Sars-Cov-2 pandemic, many Brazilian institutions created Emergency School
Periods to be able to teach. The adaptation necessary for the implementation of these periods
could have impacts on the concepts taught in CS1 classes, especially for those universities in
which the in person learning format was predominant. While Becker and Fitzpatrick (2019) and
Porfirio et al. (2021) do not directly inform about the years of their retrieved syllabi, all authors
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used universities from rankings created between 2016 and 2018. Since our results go from 2006
to 2022, they can be seen as a complement of the research of these authors.

5.2 CS1 Syllabi

The syllabi used in this search were not homogeneous, containing distinct levels of detail. We
found syllabi that were defined in few lines and others that detailed the topics taught per week. We
also identified that syllabi used different ways to express the same topic e.g., loops were sometimes
called “repetition commands”, “iterative commands” or even represented as “control structures”
(combined with conditional commands). As explained in Sections 3 and 4, this was the reason
a CS education researcher had to use his experience to identify equivalent topics represented
with different names. We illustrate the heterogeneity of the syllabi by presenting examples from
different public universities below, classified as S1 and S2. It is important to remember that these

syllabi were originally elaborated in Brazilian Portuguese and were translated by the authors.

S1: Algorithms, fundamental programming concepts, expressions, control flow, functions
and procedures, pointers, vectors and matrices, strings, dynamic allocation, structured types, files.

S2: Basics of programming logic: algorithms characteristics, algorithm representations,
programs, instruction, sequences, successive refinement. Concepts of a procedural language: the
C programming language, compiler, basic data types, constants and variables, comments, reserved
words, logic and arithmetic expressions, assignment commands, data input and output. Control
structures: conditional structures, iterative structures. Structured data types: vectors, matrices,
dynamic memory allocation, pointers, user defined types. Modularization: functions, scope, pa-
rameters, recursion, file handling.

Porfirio et al. (2021) mentioned that syllabi may use different ways to express the same
topic. In S1, we considered that control flow is related to both conditional and iterative commands,
topic explicitly stated as control structures in S2. Becker and Fitzpatrick (2019) also reported this
factor in a similar way since the authors presented a concept frequency in terms of being explicit
or not explicit in the analyzed syllabi. In our analysis, we found topics with vague meanings e.g.,
Jfundamental programming concepts (present in S2) could have different meanings depending on
the programming paradigm.

We did not find any CS1 syllabi that was described with the detail levels that Grunert (1997)
specified. At best, we encountered the total class hours dedicated to each covered topic. In fact,
most descriptions of the syllabi could be classified as course outlines. However, as McKeachie
(1978) stated that the instructor needs to take careful considerations regarding the covered topics,
assignments’ due, and learning objectives while constructing both syllabus and course outline, we
did not discard any documents regarding its level of details. The data collection process used in
this research was challenging, since we had to search the universities websites. If there was a
national repository of syllabi, future research like our work would be simpler because researchers
would be able to retrieve data by applying searching techniques like those used in systematic re-
views, thus dedicating their focus on the assessment of topics. There are initiatives of repositories
with these characteristics (Hislop et al., 2009; Tungare et al., 2007).

We do not believe that the absence of a topic in a syllabus implies that the related CS1
course does not cover it. S1, for example, does not explicitly state variables and constants, but
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they state vectors, matrices, and strings. This means that the presence of advanced topics that
require basic ones implies that the latter topics are covered in the course but were omitted in the
syllabus. This could explain why no topic appeared in all 225 syllabi (Figure 2 and Table 4). On
the other hand, the presence of many different topics in few syllabi (Figure 2) could be explained
by topics covered by other programming paradigms (such as the functional, which only appeared
in 6 out of the 225 syllabi (Table 7)). The autonomy Brazilian public universities have could
also have influenced the topic distribution, because institutions could be teaching specific topics
to prepare professionals with a particular set of skills required for that geographic region, or to
balance students with different background.

5.3 Contextualization of Brazilian CS1 Courses

Based on the results obtained from RQ3 (Table 6), almost 99% of the analyzed CS1 courses are
offered within the first scholarly year of the undergraduate programs. This was expected since
most Brazilian universities divide their curricula in semiannual periods. This result also means
that students are exposed to CS1 concepts early in their academic life. The only exception for
this is one course that is offered in the fourth semester. We identified that this CS1 course is from
a Bachelor in Computer Science and Engineering. While we could not find any reasons for this
occurrence, the CS1 course is present at the end of the basic cycle. The basic cycle is a biannual
period that aggregates common courses between Brazilian Bachelor in Engineering undergraduate
programs. RQ4 expresses that annual CS1 courses have an average total class hours doubled than
semiannual ones. This factor indicates consistency among these averages even though annual CS1
courses are not common when compared to semiannual courses identified in this research.

As explained in Section 3, we considered numbered entries as individual names to answer
RQ2 (Table 5). The presence of these numbered entries in our results could indicate that there are
other programming courses in sequence. In fact, we identified courses like that while searching
for the introductory programming courses: in these cases, the CS1 course was a prerequisite to
the subsequent one. This indicates that some Brazilian public universities organize their curricula
by providing CS1 and CS2 courses although we only focused on the first one. We exemplify this
factor by the presence of 16 CS1 courses named Algorithms and Data Structures 1. While data
structures can be seen as a CS2 topic, some universities might divide its topics between CS1 and
CS2, thus corroborating that there is no consensus among these courses (Hertz, 2010). Examples
of course names that were omitted in Table 5 (because they were present in less than five courses)
were: variations from the listed courses (e.g., Programming and Data Structures 1, Programming
Principles); names containing the taught programming paradigm (e.g., Functional Programming,
Introduction to Structured Programming, Object-oriented Programming Language); and other spe-
cific names (e.g., Applied Informatics, Information Processing).

Table 7 shows the programming paradigm of all used syllabi. There is a major gap between
procedural (202 syllabi) and the object-oriented paradigm (16 syllabi), and this gap is increased
when compared to the functional paradigm (6 syllabi). Using our criteria to identify CS1 courses
(Section 3), we identified one course that taught computational thinking (Wing, 2006) concepts.
Since it might not be fit to classify it as a programming paradigm, we decided to omit it from the
table, thus the total does not add up to 225. Our inferring methodology was the same for all syllabi,
used only when there was no explicit word or topic containing the paradigm. It is important to
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notice that we did not need to infer any course that teaches the object-oriented paradigm because
it was explicitly stated in all 16 corresponding syllabi.

The other result that complements the answer to RQS is the programming language distri-
bution (Table 8). Although C, Python, and Java are the most common languages, there is a major
gap between C and the rest. C is more than 6 times higher than Python (119 compared to 19,
respectively). This result differs from others found in the literature, which has reports indicat-
ing that Java is the predominant language (Becker, 2019; Becker & Fitzpatrick, 2019; Siegfried,
Herbert-Berger, Leune, & Siegfried, 2021). We identified some reasons for this. First, our results
are limited to Brazilian public universities. We did not find any related work that explicitly said to
cover Brazil, but there are research that focused on other specific countries. Avouris (2018) ana-
lyzed 121 CS1 courses from Greece and C was the most used language, appearing in 37 courses.
Becker (2019) surveyed instructors from 39 CS1 courses and Java was the most used language,
appearing in 49% of the courses. Second, the methodology used could also have impacted in the
results. Research that surveyed instructors directly are more precise than those who used syllabi
(like this research) that might be outdated. The third reason is a direct consequence of the second
because we retrieved information from documents published from 2006 and 2022, even though
most of them were from 2018 and further. Lastly, the publication year of the used documents
could also have impacted in our inferring methodology, since the bibliography used to infer the
programming language could also be outdated.

To compare if there was any difference when limiting to recent years, we filtered the results
from Table 8 to include only CS1 courses in which we obtained information from 2018 to 2022.
The results obtained from this filtering is presented in Table 9. There were 124 syllabi from 2018
to 2022, but it was not possible to infer a language from 28 of them. In general, the results from
the filtering do not differ much from our initial findings. The gap between C and Python was not
altered (45% of the total courses before and after). Pascal and C++ also appeared less times (both
were 3% of the total courses before, and 2% and 1% after, respectively).

We conclude that these results indicate that the Brazilian scenario has its own contexts for
teaching CS1, differing from those in other countries or world regions. In general, all the obtained
information about the contextualization of CS1 courses is a consequence of the aforementioned
autonomy that Brazilian public universities have. The majority of CS1 courses teach the pro-
cedural paradigm, perhaps due to a general consensus that it is the best approach for beginner
programmers. Regarding the programming language, there may be several factors that contribute
to C being the most taught. One factor could be instructors’ traditionalist view about the language,
preferring it over others, arguably. However, there may also be factors related to the costs associ-
ated with training faculty to teach other programming languages, such as Python. We make this
statement because the ability to program in a language and the ability to effectively teach it are
two distinct skills.

5.4 Covered Topics

As detailed in Section 4, we omitted the full list with 72 topics because we wanted to identify
the most covered topics in RQ1 (Table 4). Our decision to create two thresholds (common topics
present in 10% and 33% of the total syllabi, respectively) was established to highlight the top-
ics that were most common. Topics that remained outside the thresholds (i.e., appeared in less

426



Silva et al. RBIE v.31 — 2023

Table 9: Comparison of the programming languages identified from documents ranging from 2006-2022 to those obtained from 2018-2022. It was
possible to infer a programming language from 168 syllabi in the 2006-2022 period, and from 96 syllabi in the 2018-2022 period.

2006-2022 \ 2018-2022
Language CS1 Courses Total (%)* Inferred (%)*** \ CS1 Courses Total (%)** Inferred (%)
C 120 53 72 70 56 67
Python 19 8 68 14 11 64
Java 10 4 80 8 6 75
Pascal 7 3 71 2 2 0
C++ 6 3 83 1 1 100
Haskell 5 2 60 1 1 0
Scratch 1 <1 100 0 0 -

* 9% of 225 CS1 courses present in the 2006-2022 period.
** 9 of 124 CS1 courses present in the 2018-2022 period.
**% 9% of the corresponding number of CS1 Courses.

than 33% of total syllabi) include, but are not limited to: object-oriented and functional paradigm
concepts (e.g., classes, objects, monads, function overloading); basic computer usage (word ed-
itors, spreadsheets, operating system, Internet browser); and advanced algorithms (geometric,
non-deterministic). The absence of some of these topics in the thresholds corroborate with the
procedural paradigm being the one most taught. As stated earlier, universities have the autonomy
to select topics based on the desired professional outcome.

The 12 topics listed in the second threshold (Table 4) represent concepts present in the pro-
cedural paradigm. A special note is that the topic Algorithm representation forms was identified
in syllabi that did not start with a specific programming language, teaching the other concepts
via pseudocode. We noted CS1 courses that only begins teaching a programming language at the
end of the course, while others did not mention any language. We conclude that this also con-
tributed to the number of courses in which we could not infer the programming language. We
also decided to list a group of concepts in a specific topic because of the different ways syllabi
referred to them. Some examples of topics were: One-dimensional homogeneous composite vari-
ables, which included topics as vectors, lists, arrays, and strings; Multidimensional homogeneous
composite variables, which included matrices; and Heterogeneous composite variables, which
contained structures, unions, and dictionaries.

We also noted discrepancies regarding the frequency of topics that are closely related to
each other. For example, in Table 4, Functions, modularizations, and subprograms appear in
80% of all syllabi whereas Scope of variables and parameter usage and Recursion appear in
36% and 38%, respectively. There could be a couple reasons for this, and they depend on the
programming paradigm that each course teaches. Scope of variables and parameter usage could
just have been omitted in the syllabus since it already had listed Functions, modularizations,
and subprograms. However, since there were syllabi reporting both, we decided to treat them
as separate topics. Recursion, on the other hand, could be related to the elaboration of the CS1
course itself. Since recursion is often considered a difficult topic to teach and learn (Caceffo et
al., 2016), some curricula might delay its teaching to subsequent programming courses. Another
relatable example regards the gaps between composite variables: there is one gap between one
and multidimensional homogeneous, and an even greater gap with the heterogeneous types.
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5.4.1 Comparison with Topics Listed in Related Work

The 12 topics present in the second threshold (at least 33% of total syllabi) appears in at least 2 out
of the 4 analyzed related work (Table 4). This is an important factor because it establishes a certain
degree of similarity with listings obtained from related work even though they were conducted in
a different context (except for Porfirio et al. (2021)).

We identified that some topics which were classified as distinct in Table 4 were sometimes
grouped together in related work. For instance, in our work, we reported Conditional commands
and Repetition commands as distinct topics. Becker and Fitzpatrick (2019) listed Selective state-
ments (if/else/etc.) separately from Repetition & loops, Porfirio et al. (2021) listed Conditional
structures separately from Repetition structures, Hertz and Ford (2013) grouped these concepts
as Control constructs, and Schulte and Bennedsen (2006) grouped them as Selection and Itera-
tion. Another example is Variables, constants, and assignments and Arithmetical, logical, and
relational expressions were grouped as Variables, types, expressions (Hertz & Ford, 2013) and
as Variables, assignment, arithmetic operators, declarations, data types (Becker & Fitzpatrick,
2019). Since all reported listings were built upon the authors’ experience, including our work, we
consider this difference in grouping as just a matter of opinion in reporting the topics.

Our listing contemplated 9 of the 10 topics listed in Porfirio et al. (2021). Table 4 shows
only 8 because they listed Data types as a separate topic, and we considered it within Variables,
constants, and assignments. Another topic presented in this related work was Introduction to
programming. This was an abstract concept in which we did not consider as a CS1 topic per
se, thus we did not include it in our listing. Since Porfirio et al. (2021) assessed a subset of
10 Brazilian federal universities, we consider our listing as an expansion of their initial work
regarding the Brazilian scenario.

Debugging and Testing are topics that were not present in our second threshold but appeared
in 75% and 50% of the related work, respectively. Debugging appeared in 40 out of 225 syllabi
(18%). This concept is related to the teaching of specific tools used to debug code and some public
universities might not teach them in the introductory programming course. Similarly, Testing
appeared in 33 out of 225 syllabi (15%). Specific teachings of this topic could be covered in
future courses that focuses more on software engineering concepts. The same analogy could also
be applied to Documentation.

Lastly, we also searched for topics that were reported in the related work but not in our
listing. Examples of topics in this classification were: abstract concepts (e.g., problem solving,
writing programs, mental models); object-oriented concepts (e.g., classes and objects, inheritance
and polymorphism, encapsulation); advanced data structures (e.g., graphs, trees, linked-lists); and
algorithm efficiency (e.g., big-O notation).

The comparison of our listing with those obtained from related work makes the identifica-
tion of common topics possible. However, except for Porfirio et al. (2021), all research were
conducted regarding different contexts, especially nationwide. This is corroborated by the results
obtained from RQS5 (Tables 7 and 8). Since the programming paradigm taught in CS1 courses
from Brazilian public universities (procedural was the most common) is different from the one
taught in other countries (object-oriented), topic listings would certainly be different. All of this
contributes to Hertz’s (2010) view that there is no consensus of what is taught in CS1 and CS2.
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5.4.2 Grouping of the Second Threshold

As consequence of the discussion this section provided, the second threshold applied in Table
4 answers RQI, our main research question. We decided to group the 12 highlighted topics by
joining the closely related, using data from the listings we had found in related work. Table 10
presents the final grouping, indicating the group name and the grouped topics from Table 4. A
description of each group is stated below.

Table 10: Final grouping of the most covered topics in Brazilian public universities. Table sorted alphabetically by the group name.

Group Topics (Table 4)

Algorithm representations Algorithm representation forms

Variables, constants, and assignments
Basic concepts of algorithm construction  Arithmetical, logical, and relational expressions
Data input/output

One-dimensional homogeneous composite variables
Composite variables Multidimensional homogeneous composite variables
Heterogeneous composite variables

Conditional commands

Control structures ..
Repetition commands

Functions, modularization, subprograms

Functions, scope, and parameter usage .
» SCOPS, P £ Scope of variables and parameter usage

Recursion Recursion

* Algorithm representations: This group consists of topics related to other ways of con-
structing and representing algorithms, not necessarily using a programming language. Ex-
amples include pseudocode and flowcharts.

* Basic concepts of algorithm construction: This group consists of primordial topics neces-
sary for the construction of simple algorithms. Examples include variables, constants, basic
data types, and expressions. Assignment and input/output (from keyboard) commands are
also present in this group.

* Composite variables: This group consists of composite types of data such as vectors,
strings, matrices, and structures. Other types that depend on the programming language
(e.g., lists, tuples, dictionaries) are also present in this group.

* Control structures: This group consists of commands for selection and iteration of code.
These structures can vary based on the programming language or algorithm representation.

* Function, scope, and parameter usage: This group consists of concepts related to func-
tions, subprograms, and modularization. Since scope of variables and parameter usage is
closely related, we decided to also include them in this group.

* Recursion: This group consists of the specific topics regarding recursion. Again, we de-
cided to create a separate group for this because the analyzed CS1 syllabi listed them sepa-
rately. Recursion is also presented as a specific topic in related work.
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6 Limitations and Threats to Validity

The main limitations regarding this work are consequences of the restrictions related to data col-
lection explained in Section 3. Since our data collection and analysis had to be done manually,
we had to limit our assessment. Choosing Brazilian public universities provides a broad context
of assessment, since it covered all national geographical regions. Brazilian public universities are
also the most present in international rankings. However, there are other types of higher education
institutions in the country, especially private universities and colleges. It is possible that our results
could be different if we assessed data from these other institutions. Another limitation factor was
the availability of the documents from the universities’ websites. Data from public universities
that we were not able to retrieve could also have changed our results.

We identify three main threats to the validity of this research. First, we used our empirical
knowledge to identify and list the distinct covered topics present in each syllabus. Second, the
dominance of the procedural paradigm taught in CS1 courses influenced in our discussion about
the presence of topics in the syllabi. Third, our inferring methodology about the programming
languages taught was vastly dependent on each syllabus. Since the analyzed syllabi were not
homogeneous (sometimes not even listing the bibliography) and included documents ranging from
as far as 2006, this could also have impacted on our results. We tried to mitigate these threats by
comparing our topics with others retrieved from related work, and by applying a filter to analyze
the programming languages from syllabi from 2018 to 2022.

7 Conclusions

In this work, we presented an assessment of characteristics of CS1 courses from Brazilian public
universities. Our focus was the most covered topics, but we also reported the most common course
names, when undergraduates take the course, time that is dedicated to teaching the course, and the
programming paradigms and languages taught. To answer each research question, we gathered
data directly from the public universities’ websites, searching for undergraduate Computer Sci-
ence programs listed in the Formation Guidelines for Computer Science Undergraduate Programs
(Zorzo et al., 2017). The main document analyzed was the syllabi of CS1 courses.

In total, our results derived from 225 syllabi within 95 Brazilian public universities. The
most covered topics were from concepts related to the procedural programming paradigm. We
identified 12 topics among the most frequent and grouped them in 6 categories: Algorithm rep-
resentations; Basic concepts of algorithm construction; Composite variables; Control structures;
Functions, scope, and parameter usage; and Recursion. We also concluded that the CS1 course
is within the first scholarly year in 99% of the Brazilian public universities. The most common
names of CS1 courses vary, and some of them have numbered entries that implies subsequent
courses with the same name in the curriculum. Regarding the total class hours, we identified
that it is dependent on the course being semiannual or annual, but in average, the latter is double
the former. Lastly, we concluded that the most common taught programming paradigm is the
procedural one, and the most common programming language is C.
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Appendix 1

Table 11 presents all the Brazilian public universities used in this work, composed by federal (ID
1 to 61), state (ID 62 to 93) and municipal (ID 94 and 95) institutions. We decided to list only
their original names in Brazilian Portuguese (Wikipedia, 2021, 2022a, 2022b) because it is the
best way to identify them via on-line search.
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Table 11: Brazilian public universities used in this work.

ID Name (Brazilian Portuguese) ‘ 1D Name (Brazilian Portuguese)

1 Universidade de Brasilia 49  Universidade Federal do Rio de Janeiro

2 Universidade Federal da Grande Dourados 50 Universidade Federal dos Vales do Jequitinhonha e Mucuri
3 Universidade Federal de Goias 51 Universidade Federal Fluminense

4 Universidade Federal de Mato Grosso 52 Universidade Federal Rural do Rio de Janeiro
5  Universidade Federal de Mato Grosso do Sul 53  Universidade Tecnolégica Federal do Parand
6  Universidade Federal de Cataldao 54  Universidade Federal da Fronteira Sul

7  Universidade Federal de Jatai 55 Universidade Federal de Pelotas

8  Universidade Federal de Rondonépolis 56 Universidade Federal de Santa Catarina

9  Universidade Federal da Bahia 57 Universidade Federal de Santa Maria

10  Universidade Federal do Sul da Bahia 58 Universidade Federal do Pampa

11  Universidade Federal do Reconcavo da Bahia 59 Universidade Federal do Parana

12 Universidade Federal da Lusofonia Afro-Brasileira | 60 Universidade Federal do Rio Grande

13 Universidade Federal da Paraiba 61 Universidade Federal do Rio Grande do Sul
14 Universidade Federal do Cariri 62 Universidade Estadual de Goias

15 Universidade Federal de Alagoas 63  Universidade do Estado do Mato Grosso

16  Universidade Federal de Campina Grande 64  Universidade Estadual do Mato Grosso do Sul
17 Universidade Federal de Pernambuco 65 Universidade do Estado da Bahia

18 Universidade Federal de Sergipe 66 Universidade Estadual de Feira de Santana

19 Universidade Federal do Ceara 67 Universidade Estadual de Santa Cruz

20 Universidade Federal do Maranhéo 68 Universidade Estadual do Sudoeste da Bahia
21 Universidade Federal do Piaui 69 Universidade Estadual do Ceara

22 Universidade Federal do Rio Grande do Norte 70 Universidade Estadual da Paraiba

23 Universidade Federal do Vale do Sao Francisco 71  Universidade de Pernambuco

24 Universidade Federal Rural de Pernambuco 72  Universidade do Estado do Rio Grande do Norte
25 Universidade Federal Rural do Semi-Arido 73 Universidade do Estado do Amazonas

26 Universidade Federal de Ronddnia 74  Universidade do Estado do Para

27 Universidade Federal do Acre 75 Universidade Estadual de Roraima

28 Universidade Federal do Amapa 76  Universidade do Tocantins

29  Universidade Federal do Amazonas 77 Universidade do Estado de Minas Gerais

30 Universidade Federal do Oeste do Para 78 Universidade Estadual de Montes Claros

31 Universidade Federal do Para 79 Universidade do Estado do Rio de Janeiro

32 Universidade Federal do Tocantins 80 Universidade Estadual da Zona Oeste

33 Universidade Federal Rural da Amazo6nia 81 Universidade Estadual do Norte Fluminense Darcy Ribeiro
34  Universidade Federal do Sul e Sudeste do Para 82 Universidade de Sdo Paulo

35 Universidade Federal de Alfenas 83  Universidade Estadual de Campinas

36 Universidade Federal do Itajuba 84  Universidade Estadual Paulista "Julio de Mesquita Filho"
37 Universidade Federal de Juiz de Fora 85 Universidade Virtual do Estado de Sao Paulo
38 Universidade Federal de Lavras 86 Universidade Estadual de Maringd

39 Universidade Federal de Minas Gerais 87 Universidade Estadual de Ponta Grossa

40 Universidade Federal de Ouro Preto 88 Universidade Estadual de Londrina

41 Universidade Federal de Sao Carlos 89 Universidade Estadual do Oeste do Parana

42 Universidade Federal de Sdo Jodo del-Rei 90 Universidade Estadual do Centro-Oeste

43 Universidade Federal de Sdao Paulo 91 Universidade Estadual do Parana

44 Universidade Federal de Uberlandia 92 Universidade Estadual do Norte do Parana

45 Universidade Federal de Vicosa 93 Universidade do Estado de Santa Catarina

46  Universidade Federal do ABC 94  Universidade de Taubaté

47 Universidade Federal do Espirito Santo 95 Universidade Regional de Blumenau

48 Universidade Federal do Estado do Rio de Janeiro
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