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ABSTRACT The information society represents a great revolution. Computing programming is a rel-
evant competence nowadays for everybody, regardless of educational background. However, traditional
programming languages consider syntax barriers that complicate their adoption and usefulness for beginners.
Python is an exception for its open-source, cross-platform nature and syntax simplicity, which facilitate
the development of algorithmic thinking and dissemination of programming solutions. Several Python
extensions support modern functionalities such as web development, videogame, and machine learning,
making it one of the most used programming languages. Google Colab or Colaboratory facilitates the
online learning and development of Python solutions. This article presents positive academic experiences of
Chilean students of majors from two Chilean universities, a traditional university in the north and a private
university in themiddle of Chile, usingGoogle Colab to develop programming competencies remotely for the
Covid pandemic. We highlight the promising results obtained for basic programming and operating system
programming subjects, which motivate us to use Python and Google Colab widely, not only in university
contexts.We expect to continue developing programming competencies usingGoogle Colab and Python. The
main limitation encountered in this experience is the internet connection requirements for online education.
However, it does not represent an issue for education in developing and developed countries. Google Colab
permits the development of highly demanded competencies worldwide at home, only with internet access
and a web browse, an excellent motivation for learning for all students regardless of age and academic level.

INDEX TERMS Programming competencies, operating systems, python, Google colab, colaboratory, online
education.

I. INTRODUCTION
Developing algorithmic and programming competencies is
essential in the information society [1], [2]. Algorithms and
programming courses often include algorithm design and
analysis, data structures, software engineering, Web devel-
opment, and intelligent systems. Multiple programming lan-
guages exist, and almost all of them are text-based such as
C, C++, and Java [3]. Traditional text-based programming
languages impose a set of syntax and semantic rules that
are a significant barrier for beginners. The use of animated
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block-based programming languages such as Scratch permit
notably reducing syntax mistakes in the teaching-learning
process. Still, those languages do not transparently address
some algorithmic issues such as networking, concurrent and
parallel computing that limit the development of algorith-
mic competencies [4]. Python is a text-based programming
language that helps addressing those issues. As Li et al. [5]
argue, for simplicity, easy of learning, being open- source,
its strongly portability and the existence of rich libraries,
Python nowadays is a popular programming language to
teach programming courses in educational institutios world-
wide. Hence, the Python programming language represents a
great revolution. Code 1 and 2 show the classic ‘HelloWorld’
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example in C and Python programming languages, respec-
tively. We can appreciate in this example that the Python
solution considers only one line concerned with its primary
task. Code 3 and 4 illustrate a programming example to
ask for the name, age and year of birthday, and to show
the data.

As Futsche [6] remarked, algorithmic thinking can start
early and its orientation should be on the thinking ability.
Traditional programming languages such as C, C++, PHP
and Java usually apply similar syntax and semantic rules and
they seem adequate for developing computing science com-
petencie [7]. Nonetheless, those rules usually make students
uncomfortable and distract them from understanding the pur-
pose and usefulness of algorithms and programming [8].

First programming courses present algorithmic problems
to reason and solve them sequentially. Therefore, parallel
algorithmic reasoning seems non-natural, even though human
beings typically apply it in daily life [9]. For example, when
working team distributes tasks to carry out, or when we
parallelize traditional actions, such as walking and talking to
someone at the same time. Those are examples of parallel
tasks. Traditional multitask programming subjects review
the execution of multiple tasks by processes and threads.
Code 5 and 6 illustrate code in which a main process creates
a child process in C and Python respectively. Likewise, Code
7 and 8 illustrate code in which a main thread creates a child
thread in C and Python respectively.

Previous code examples in Python confirm its easy-to-
learn syntax that makes it a simple programming language
to work with and emphasizes its readability. Nonetheless,
python is a software tool and we need to install different soft-
ware packages to work and successfully use it. Google Colab
or Collaboratory allows developing and running Python solu-
tions without installing and configuring Python, with free
access to multiprocessing servers for the execution of parallel
solutions, and with Google’s ease of sharing content, as well
as facilitating interaction and integration with other Google
solutions [10]. We Almost all presented Python code are in
Google Colab.

A. PROBLEM STATEMENT, GOAL AND CONTRIBUTIONS
Vidal et al. [11] highlight that traditional programming lan-
guages demand a high level of abstraction regarding syn-
tax rules and algorithmic thinking abilities. In addition to
problem-solving skills, the science of programming also
takes into account abstract concepts that are closely related
to programming mechanics [12]. We can describe usual
human beings activities as algorithm [13], and algorithms
increasingly rule our social life [14]. Hence, domaining and
applying programming languages rules seem to be relevant
issues for successfully developing programming competen-
cies. Although they are a set of sequential steps without
conditions or cycles, previous code examples validate that
the Python programming language is an exception because
it simplifies syntax barriers.

Currently, developing programming competencies is rel-
evant for education [15], [16] even more in early age [17],
[18]. Successful experiences using Python for developing
programming competencies already exist in the computer
science area such as [19], [20], [21], and [22]. Furthermore,
Python has also successfully applied in non-computer science
domains with the same goal; that is, to develop programming
competencies [21], [23], [24]. Given the current usefulness
and experiences of using Google Colab for building Python
applications interactively and developing programming skills
in educational scenarios [25], [26], [27], [28], the main goal
of this article is to answer the following research questions.

RQ1 [Impact of Google Colab and Python in university
students] How can Python and Colab affect the devel-
opment of programming competencies in students of
computer science and non-computer science majors?
Although the case studies are with Chilean students,
obtained results and applied experiments could be
useful for other countries.

RQ2 [Students’ Perception] How did students of both case
studies perceive the benefits of using Python for devel-
oping programming competencies?

RQ3 [Motivation to Continue Using Python and Colab]
How motivated are students to continue developing
more advanced programming competencies and apply-
ing them using Colab and Python in the future?

This article describes two academic experiences using the
Colab and Python to develop programming competencies
with students of a first programming course of a computer
sciencemajor from the Viña delMar University (VMU) in the
middle of Chile, and students of a first programming course of
a non-computer science major from the Catholic of the North
University (CNU) in the north of Chile. Specifically, Com-
puter Engineering at VMU and Information andManagement
Control Engineering at CNU. Material of both programming
courses, homework, and students score are available in the
GitHub repository.1 The results obtained demonstrate that the
development of algorithmic and programming competencies
by Python and Google Colab is highly feasible, with the
simplicity of using online tools without requiring software
installation. Hence, the followings are the main contributions
of this paper:
• First, to confirm the applicability of Python and Google
Colab for developing algorithmic-thinking and pro-
gramming competencies in students regardless their
main study focus, that is, not only for computer-science
students.

• Second, to demonstrate the usefulness of Python and
Google Colab in developing algorithmic-thinking and
programming competencies in remote education.

• Third, to project the applicability of Python and Google
Colab for developing algorithmic-thinking and pro-
gramming competencies everywhere without restriction
access.

1https://github.com/cvidalmsu/AcademicReport_CNU_VMU

VOLUME 10, 2022 106569



C. Vidal-Silva et al.: Developing Computing Competencies Without Restrictions

CODE TABLE 1. ‘Hello World’ C and Python code.

CODE TABLE 2. ‘Input/Output Java and Python code examples.

CODE TABLE 3. ‘Hello World’ with Processes in C and Python.

CODE TABLE 4. ‘Hello World’ with Threads in C and Python.

The rest of this paper is organized as follows. Section II
describes and exemplifies the use of Python and Google
Colab. Section III details the competencies and experiments

in the programming courses of UVM and UCN students
during 2020 using traditional programming languages and
2021 using Python and Google Colab. Section IV gives
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detail and discusses the academic results obtained by using
Python and Google Colab as a teaching-learning methodol-
ogy. Section V presents similar studies regarding the benefits
of using Python and Google Colab to develop programming
competencies. Section VI details a few practical issues. The
paper concludes by summarizing the benefits of our academic
experience and motivation for continuing applying Python
and Google Colab in the current and future years.

II. PYTHON, MULTIPROGRAMMING AND GOOGLE
COLAB
A. PYTHON
The work of Lutz [29] highlights that software quality,
developer productivity, program portability, support libraries,
component integration and enjoyment are factors to answer
the question Why do people use Python? According to their
teaching experience, the authors of this work remark that
Python’s relevant characteristics for novice users are its sim-
ple and readable syntax and highly coherent programming
model. As Abdulkareem et al. [30] remark, Python is a
very user-friendly and themost straightforward programming
language compared to Java, C++ and Javascript. The work
of [31] signals that Python is more efficient than Java and R
for solving machine learning problems. Code 2 and 4 exem-
plify the Python syntax simplicity.

As Javed et al. [32] report, Python is a highly demanded
programming language. It is simpler to learn and more under-
standable for mature programmers, such as students with a
programming background. The design of Python permits giv-
ing complete solutions in theworld of programming [20] even
more for the availability of open resources and communities
for learning. As the work of Srinath [33] describes, some
of the main features of Python are its simplicity, portabil-
ity, open-source nature, extensibility and embebebility, high-
level interpreted language, standard libraries, object-oriented,
and variability of programming solutions (system, GUI, net-
work and internet, database, games).

Although Python would permit the development of pro-
gramming competencies in novice students, it is software that
requires an installation process that is not always a simple
task [34]. Usually, novice users face significant challenges
while installing and using Python tools and packages because
of some missing requirement or version incompatibility [35].
Those issues are common to all programming languages.
Considering the positive factors for using Python, Google
offers Colab permits solving this issue since we can create
and test Python solutions everywhere without restrictions.

B. MULTIPROGRAMMING
Processes and threads are computing tasks in modern com-
puting systems that share resources such as available proces-
sors, and memory [36], [37]. The main difference between
processes and threads is that a process represents a program
in execution, and a thread is not more than a segment of a
process; that is, a process contains at least one thread. Figure 1

illustrate a multitask system running n processes; each one
contains multiple threads (three threads in this case).

Parallel systems are systems that can run multiple tasks
at the same time [38], and, thanks to the current multi-core
technology, they are standard systems nowadays. Hence, cur-
rent computing systems require the development of parallel
computing skills from the earliest education levels, a worthy
goal for the academy in computer science and information to
go hand in hand with advances in technology.

If the primary goal of a course is understanding concepts
and applying them for solutions development, Python is an
adequate programming language. Currently, Python seems a
preferred option for scientific computing [39]. Nonetheless,
Python does not permit running several threads at once, and
multiprocessing is the solution. Multithreading and multipro-
cessing represent similar concepts (both look for multitask-
ing). The simplicity of Python permits applying both without
significant syntax differences as Code 6 and 8 exemplify.

One of the primary goals of multitask programming is to
develop efficient computing solutions. As Kumar et al. [40]
signal, coordinating the access of shared resources is one of
the main issues in multitasking computing, a problem that
Operating Systems courses aim to teach.

C. GOOGLE COLAB
Google Colaboratory, commonly referred to as Colab, is a
cloud platform for sharing machine learning research and
education that is built on Jupyter Notebooks. It provides free
access to a powerful GPU as well as a runtime that is fully
equipped for deep learning [41].

Colab enables the creation of notebooks based on
Jupyter, a browser-based, open-source application that com-
bines interpreted languages, libraries, and visualization fea-
tures [42], [43]. Each notebook is made up of a number
of cells, each containing markdown or script code, and the
output is embedded within the content. Text, tables, charts,
and images are typical outputs. As Randles et al. argue [44],
using this technology makes it easier to share and duplicate
scientific studies.

Colab enables working with notebooks based on Jupyter
like a Google Docs object: users can share and collaborate on
the same notebook. Colab provides Python 2 and 3 runtimes
preconfigured with essential machine learning and artificial
intelligence libraries such as TensorFlow, Matplotlib, and
Keras. The Virtual Machine (VM) deactivates after some
time, and all user data and settings are lost, although one can
preserve and transfer files from the virtual machine’s hard
drive to the user’s Google Drive account. This Google service
provides a GPU-accelerated runtime, also fully configured.
Google Collaboratory infrastructure is on the Google Cloud
Platform. Figure 2 exemplifies actions for sharing the ’Hello
World’ example.

III. METHODOLOGY AND RESEARCH DESIGN
This section reviews the main competencies and learning
objectives in the Programming course for the Information and
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FIGURE 1. Proccess and threads in a multitask computing system.

FIGURE 2. Sharing ’Hello World’ notebook in Colab.

Management Control Engineering major at the CNU and the
the Operating Systems course for the Computer Engineering
major from the VMU.

Considering the competencies and learning objectives of
Programming at CNU and Operating Systems at VMU, the
research questions and the main goal of this article, both
courses review an introduction to Python and Colab in differ-
ent times concerning their learning objectives and schedule.
These courses are in the first semester of each academic year,
that is, sixteen weeks from March to July. This article report
our experience in both courses during 2020 and 2021. In
2021 we applied Python.

A. PROGRAMMING COMPETENCIES AND LEARNING
OBJECTIVES
The Programming course at the CNU defines the following
competencies and learning objectives:

1) To develop technical skills in Information Technology
applied to business.

1.1 Understand the fundamentals of computer pro-
gramming.

1.2 Develop analytical thinking to deal with complex
situations in the business environment.

2) To develop a systemic vision to solve computational
problems.
2.1 Develop the ability to participate in developing

software projects according to each need in the
company.

2.2 Understand how to use advanced objects in pro-
gramming.

3) Capacity for teamwork.
3.1 Management of obligations related to group

projects.
3.2 Evaluating oneself and the job done in collabora-

tion.
The Programming course contents at CNU contain two

units. The first unit reviews variables and data types,
input/output instructions, conditional and iterations struc-
tures, and the division of problems and modularization of
solutions by functions. The second one reviews the main
concepts of data structure and object-oriented programming.

The course was for 20 students in 2020 and 31 in 2021.
We applied a practical approach by asking for homework
every two weeks in both years. Regarding the programming
language in those years, in 2020, we applied the PSeInt
tool2 for three weeks to start working on programming
using pseudocode in Spanish. After, we started using Java
with the Eclipse IDE.3 Although students were familiar with
elementary programming concepts such as variables, using
functions for input and output, and some math operations,
students experienced issues working with Java and Eclipse
while developing the workshops. In 2021, we applied Python
in the whole course because we decided that Python’s syn-
tax simplicity does not require starting with a pseudocode
tool. We can appreciate that Python is applicable in any
course considering programming competencies. Hence, writ-
ing pseudocode in paper is not common nowadays [45]. The
final project of the 2021 course considers using the PyGame
package for developing games [46]. Figure 3 shows a few

2http://pseint.sourceforge.net/
3https://www.eclipse.org/downloads/
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FIGURE 3. Resulting game examples with Python and PyGame in the Programming course in 2021.

game results produced by teamwork in the Programming
course at CNU in 2021.

B. OPERATING SYSTEMS COMPETENCIES AND LEARNING
OBJECTIVES
The Operating Systems course at the VMU defines the fol-
lowing competencies and learning objectives:

1) To conceptualizes a modern computer system’s funda-
mental hardware and software components.
1.1 Definition of computer systems architecture for

companies.
1.2 Definition of a server-style computing system’s

basic hardware and software components.
2) To propose concurrent prototype solutions for both

hardware and software in an organization.
2.1 Description of processes, use of command line

user interface and file system of a Linux-based
operating system.

2.2 User system domain and input/output of a
Linux-based operating system.

Regarding the course content, the Operating System course
started using Python from week eight, that is, in the mid-
dle of the course, with the advantage that students had

already developed programming competencies. In program-
ming courses of the computer engineering major at VMU,
students start learning C and Java. Hence, learning Python
is simple, although developing multiprocessing and multi-
programming competencies requires additional abstractions.
This course reviews processes and threads synchronization,
and resource sharing.

In 2020, the course was for 13 students, whereas it was for
ten students in 2021. The course plan considers three main
projects with advances in each of them. In 2020, we applied C
in Linux operating system to develop a practical understand-
ing of multiprogramming concepts, although issues existed
regarding the adequate synchronization of tasks and resource
sharing. In 2021, we wanted to change the programming
approach to appreciate eventual changes. Because students
were familiar with elementary and more advanced program-
ming concepts such as variables, data structures, functions
and object-oriented programming, we started exemplifying
the ‘Hello World’ with processes and threads in C. In the
next class, we reviewed programming elements of Python,
and students were surprised by its simplicity.We reviewed the
‘Hello World’ in the same class with Processes and Threads
in Python. After that, we continued applying Python. Again,
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TABLE 5. Groups and solved problems in the Operating System course in
2021.

TABLE 6. Academic results in the Programming (Prog) and Operating
Systems (OS) courses during 2020 and 2021.

we appreciate that Python is suitable for all computer science
courses. Table 5 describes the classic multiprogramming
problem solved in Python by each teamwork of the Operating
Systems course at VMU in 2021.

We can appreciate differences in the main focus of both
courses and engineering majors: Operating System at VMU
follows a computer science approach; and Programming at
CNU follows an information science approach.

IV. RESULTS
A. ACADEMIC RESULTS
We compared students’ academic results of the Programing
course at UCN and Operating Systems at UVM in 2020 and
2021. Table 6 summarizes the statistics of all students’ final
grades in both courses. As previously indicated, throughout
2020, the Programming course applies Java for developing
programming competencies, whereas the Operating System
course uses C. In 2020, we introduced Python in both courses.
As Tupac-Yupanqui et al. [47] mentioned, Python represents
an evolution from other text-based programming languages
such as C, C++, and Java mainly for its syntax rules. The
obtained results confirm that Python permits the successful
development of programming competencies currently with-
out restrictions. The academic institution grades in Chile are
on a scale of 1,0 to 7,0 points, where 1,0 is the minimum
score, 7,0 is the maximum score, and 4,0 is the minimum for
approval.

Because qualification scores are independent (although
working teams exist), and both courses exemplify random
samples, we can apply a student’s t-test [48] to analyse the
academic performance for both classes in 2020 and 2021. Our
null hypothesis is the same academic performance for each
analysis, with a significance level α = 0.05. We evaluated t-
student test for equal and unequal variances.
• Student’s t-test for Programming at CNU in [2020-
2021].
– Assuming equal variances
∗ t Stat: 4.593094611
∗ t Critical one-tail: 1.676550893
∗ t Critical: 2.009575237

– Assuming unequal variances
∗ t Stat: 4.253743838
∗ t Critical one-tail: 1.695518783
∗ t Critical: 2.039513446

• Student’s t-test for Operating Shystems at VMU in
[2020-2021].
– Assuming equal variances
∗ t Stat: 4.511535907
∗ t Critical one-tail: 1.708140761
∗ t Critical: 2.059538553

– Assuming unequal variances
∗ t Stat: 4.36986425
∗ t Critical one-tail: 1.761310136
∗ t Critical two-tails: 2.144786688

• Student’s t-test for Programming at CNU and Operating
Systems at VMU 2021.
– Assuming equal variances
∗ t Stat: 7.582146364
∗ t Critical one-tail: 1.693888748
∗ t Critical two-tails: 2.036933343

– Assuming unequal variances
∗ t Stat: 5.248325089
∗ t Critical one-tail: 1.683851013
∗ t Critical two-tails: 2.02107539

With the obtained results, we reject the null hypothesis:
academic performance is not the same. Table 6 shows signif-
icant academic performance improvements in 2021 regard-
ing 2020: a 26.33% academic grade of improvement for
Programming at CNU and a 16.87% of improvement for
Operating Systems at VMU. Furthermore, we can appreciate
a more significant impact of applying Python in the academic
performance improvement for Programming students; that is,
for students who did not get previous programming courses.

Professors were the same in 2020 and 2021, and the aca-
demic evaluation tools were similar: laboratory homework
and programming projects aiming to develop the same com-
petencies. Both courses finish the academic semester with
a final project where students give an oral presentation to
validate the teaching-learning results. Thanks to Python’s
benefits, final projects were of a higher quality. For example,
at CNU, students successfully developed games (although
without using Colab).
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B. SATISFACTION RESULTS
To measure students’ satisfaction [49] in 2021, in both
courses, we conducted surveys about using Python (Table 7).
The survey contains 4 two block of questions. The first two
consider three items, each one for measuring the level of
frustration and satisfaction by a Likert scale from 1 to 10 for
extremely [frustrating | dissatisfying], and very [stimulated |
satisfying], respectively. The 3rd block contains three options
to indicate the reached familiarity the software used in the
course, that is, Python. The final block permits communicat-
ing, in a few words, additional ideas regarding the experience
in the course. This survey permits answering the research
questions of this paper.

The following lines describe the survey and the positive
results obtained for the Programming at CNU and Operating
Systems at VMU. Those results motivate us to continue
applying Python for developing computing and informa-
tion science competences that involve programming tasks.
We classified the survey scores in ranges in the first two ques-
tions block for their summary and illustration purposes(8).
• Survey results.

– Frustration level.
(i) 35.48% found stimulating, and 45.16% found

very stimulating the studied material.
(ii) 22.58% found stimulating, and 67.74% found

very stimulating their working group.
(iii) 25.81% found stimulating, and 64.52% found

very stimulating the applied technology, that is,
the Python programming language and Colab
environment.

– Satisfaction level.
(i) 30.23% were satisfied, and 62.80% were very

satisfied regarding the studied material.
(ii) 20.93% were satisfied, and 69.77% were very

satisfied regarding the working group.
(iii) 20.93% were satisfied, and 69.77% were Very

satisfied regarding the applied technology, that
is, the Python programming language and Colab
environment.

– Python and Colab familiarity.
(i) 95% of the students indicated that they were

familiar with Python and Colab for future appli-
cation, and 5% indicated that they were not
familiar with Python but they were that for other
programming languages.

– Communication words.
(i) Common words were simplicity, easyness, and

fun programming.
Figures 4 and 5 depict the mentioned results. In Figure 4,

the green area is for Very [stimulating | satisfied] class, light
green area is for [Stimulated | Satisfied] class, white area is
for neutral class, orange area is for [Frustrating | Disatifying]
class, and the red area represents Extremely [frustraing |
disastifying] class for the obtained responses in the survey.
In summary, a high satisfaction exists in students for the use
of Python andColab for developing computing compentences
either in Programming and Operating Systems courses. Thus,

due to the project’s success, professors at the Programming
course at CNU and Operating Systems at VMUwill continue
using Python and Colab.

Figure 4 shows that students of Programming at the CNU
and Operating Systems at VMU consider Python and Colab
stimulating tools for developing computing competencies:
over 95% indicated that Python and Colab were stimulating
and very stimulating tools. Moreover, students also indicated
that using Python and Colab represented a high satisfaction
level: over 93% mentioned that using those tools was sat-
isfying and very satisfying. Thus, RQ1 and RQ2 are fully
satisfied, considering the results obtained. Likewise, RQ3 is
also fully satisfied because Figure 5a indicates that students
are highly familiar with Python and Colab for future use
(95%). Regarding the word cloud of Figure 5b, we can appre-
ciate thatWhile, Python, SimpleCode, Thread, Programming,
Return, AI, and MachineLearning are the most mentioned
words.We expectedwords directly connected to the Program-
ming and Operating Systems courses, like the first six. The
attraction of students to Python and its usefulness with new
computing approaches would be the source of the last two
words we think. Table 9 summarizes the words occurence.

V. DISCUSSION
As Tupac et al. [47] highlight, many countries provide pro-
gramming courses and workshops to help children learn
algorithms and programming abilities early on. Making the
teaching-learning process engaging and applicable is one of
the fundamental problems of acquiring programming abil-
ities. Nonetheless, successful development of algorithmic
thinking and programming competencies with traditional
programming languages can be ineffective [6].

Applying Python and Colab demonstrates its adequacy
for developing computing competencies without restrictions.
However, Colab, since it is a web tool, seems inadequate to
work with external devices such as input and output hard-
ware devices [50]. In those situations, different Integrated
Development Environments (IDEs) exist for free access that
students can use for those purposes. Colab is a great tool for
familiarizing yourself with elementary computing and pro-
gramming tasks. Moreover, for its simple syntax rules, open-
source nature, applicability in different contexts (artificial
intelligence, robotics, and games, among others), currency
worldwide, computing advances and high integration with
other solutions and platforms, undoubtedly, Python is a great
programming language option nowadays.

Even though multiple online platforms for writing and
testing programs in different programming languages exist
(e.g. reply4 and W3 School,5 as we already highlighted,
Google Colab, in addition to permitting writing and testing
Python code, preserves the work functions of Google Drive
for sharing and teamwork. Furthermore, Colab enables the

4https://https://replit.com/languages/python3
5https://www.w3schools.com/python/python_compiler.asp
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TABLE 7. Academic survey for students in 2021.

TABLE 8. Classification for Stimulation and Satisfaction ranges.

writing and execution of high-performance distributed and
parallel computing.

Developing computing competencies in people using
Python is a great goal. Several developed countries nowa-
days use and demand expert people with this technology.
For example, Liu et al. [51] describe the necessity of train-
ing professionals in the field of artificial intelligence and
report positive academic experiences in China of developing
related competencies applying Python. Similarly, the work of
Magnono et al. [52] present Python with machine learning
applications in the United States of America. In contrast, Cart
al. [53] describe the development of a machine learning tool
using Python for financial forecasting and trading using a
statistical strategy in Europe.

VI. THREATS TO VALIDITY
This work presents relevant results regarding using Python
and Colab to develop high-education students’ computing
competencies effectively. Nonetheless, it is necessary to dis-
cuss the following practical issue:

• Internet requirement: students need internet for using
Colab and Python. If they did not want to use Colab,
they needed the internet to install the software. It was an
issue for students of CNU and VMU because there were
cases with low-speed internet access. That was a real

TABLE 9. Words Ocurrence in Studied Survey.

issue because classes were online during the pandemic,
a problem that does not apply to traditional courses.
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FIGURE 4. Survey results regarding Frustration and Satisfaction levels in Programming and Operating System courses in the
Development of Computing Competences.

• Programming rules and abstraction: Python is the best
programming language for its syntax and simplicity. Van
Rossum, the creator of Python, in 2001 [54], already

stipulated a set of commitments for writing good-code
solutions in Python. Nonetheless, one can think that
learning Python limits students from not being familiar
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FIGURE 5. Survey results regarding the familiarity and motivation levels for continue using Python and Colab and WordCloud for
Additional Comments.

with the more complex syntax of other and still popular
programming languages like C, C++ and Java. That can
be an issue for beginners in programming because, as we
exemplify, high syntax rules difference exist between
Python and other programming languages. We recom-
mend starting with Python to develop algorithmic think-
ing competencies and learning different programming
languages to apply that knowledge. Using Python was
a pleasure for students who started with programming
languages like CNU students and those who already
had a programming background as Operating Systems at
VMU students. Regarding abstraction and programming
semantics, Python presents more benefits than issues:
we can motivate to learn more computing approaches,
paradigms and tools.

VII. CONCLUSION
According to the presented work and the results obtained,
we conclude that:
• Python represents a highly suitable programming lan-
guage for teaching initial programming courses thanks
to its accessibility, simplicity, and current usability
worldwide.

• Google Colab represents a highly suitable tool for using
Python without restrictions in the information society.
Colab offers a set of pre-installed libraries, and we can
also install additional ones. In education scenarios, stu-
dents can use Colab and interactively execute solutions
without memory restrictions, apply advanced computing
units like CPUs and TPUs, and share their working
solutions to stimulate teamwork.

• Python and Colab is the perfect team to facilitate the
development of computing competencies at different
education levels. Students can evolve in the develop-
ment of computing solutions from basic to advance.

The currency of Python and Colab permits the high
dissemination of solution examples with both tools.

• This study confirms the usability and positive results
by applying Python and Google Colab in devel-
oping computing competencies for introductory or
advanced computing courses. That represents a signif-
icant achievement for online education.

In summary, from an academic viewpoint, this article
satisfactorily answered each proposed research question
highlighting the usefulness of Python and Google Colab in
the collaborative professor-students teaching-learning pro-
cess for developing computing competencies. The experi-
ments in the Programming at CNU and Operating Systems
at VMU demonstrated the feasibility of applying Python and
Colab for teamwork in online education. In future work,
we expect to continue using those tools for developing
computing competencies in other courses and topics such
as databases, math computing, artificial intelligence, data
structures and object-oriented programming.
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