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Empirical Evidence of the Usage of Programming
Languages in the Educational Process

Mariuxi Vinueza-Morales , Diana Borrego, José A. Galindo , and David Benavides

Abstract—Contribution: A systematic literature review on the
empirical evidence regarding the usage of programming lan-
guages for learning purposes is presented. The review analyzes
different methods and tools at different educational levels and
with different objectives.

Background: Learning programming has gained relevance in
the last decade. This is due to the massive presence of pro-
grammable elements ranging from computers to toys. Because
of this, the interest of researchers on this topic has increased.
Questions, such as what to use, in what educational stages to use
it, the effectiveness of the method, and the focal objectives for
learning programming are questions that do not have obvious
answers.

Research Questions: 1) What empirical evidence exists on
the use of educational programming languages (EPLs)? 2) In
what context is the research performed? 3) How is effective-
ness reported in the literature after applying EPLs? 4) What
pedagogical goals are achieved by using EPLs?

Methodology: Following a formal protocol, automated searches
were performed for primary studies from 2007 to 2018. A total of
62 studies were identified, of which 29 were selected and analyzed
since they include some type of empirical evidence.

Findings: After performing the evaluation, the results sup-
port the need for better approaches with empirical evidence
when reporting research on the usage of EPLs. Some research
opportunities are identified which concerns the used program-
ming languages, the areas or stages of their application, or the
need to have more empirical evidence in general and more stud-
ies in non-WEIRD (Western, educated, industrialized, rich, and
democratic) contexts.

Index Terms—Computational thinking (CT), educational pro-
gramming language (EPL), programming learning.

I. INTRODUCTION

THE EDUCATIONAL tools used to teach and learn
computational thinking (CT) skills have attracted the
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attention of education researchers. This is because most stu-
dents consider programming to be a difficult subject to learn,
and they lack the motivation and interest to gain programming
skills. The interest of researchers in subjects related to the learn-
ing process of programming leads us to ask questions, such as
what pedagogical and research objectives should be the focus
of studies or what method is most effective and at what educa-
tional level should it be used. Some questions can be answered
by performing a literature review of the empirical studies that
give the results obtained by applying different methods or tools
in different stages or with different objectives. The evidence
extracted from this literature review includes an overview of
the methods chosen to improve the process of programming
learning, the programming languages applied in each research
paper, the pursued pedagogical goals, the performed methods
for evaluating the effectiveness of programming tools, and the
research objectives achieved in each study.

The reviewed literature shows that students have signifi-
cantly improved their programming and development skills in
CT with the use of EPLs as learning instruments. Mainly, this
article focus on using block-based visual environments and
textual programming languages, which are two of the five cat-
egories to develop CT mentioned by Moreno-León [30]. The
widespread use of both aforementioned categories could indi-
cate there is still no consensus among which one is the most
appropriate to best address the learning of programming.

When evaluating the literature, it is observed that 23 of the 29
research objectives proposed, which is approximately 79% (see
Table V), seek to address pedagogical goals. It is also detected
that only 4 of 29 studies with empirical evidence focused on
early educational stages (primary and kindergarten), represent-
ing approximately 14% of the studies. This might indicate that
more empirical evidence is needed at these educational levels.
It is noticed that two empirical strategies were mainly adopted:
1) case studies and 2) controlled experiments.

In addition, the pedagogical goal that is most mentioned by
researchers is problem solving and the most used methods to
assess the effectiveness of EPL are questionnaires, surveys,
and interviews. However, the maturity level of these studies
is relatively low, making it difficult for researchers to repli-
cate the studies. Nevertheless, the vast majority of the papers
report that they achieved the objective they pursued with their
performed research.

Some research opportunities have been spotted after read-
ing the primary studies. Concretely, they need: 1) to address
in which thematic areas of the study program CT is incorpo-
rated; 2) to determine the extent to which different programs
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are used to improve the learning of programming by relying
on block-based languages; 3) to use different alternative pro-
gramming languages in order to compare their respective; 4) to
have more and better quality empirical evidence; 5) to develop
more studies and empirical evidence in non-WEIRD (Western,
educated, industrialized, rich and democratic [31]) contexts;
and 6) to develop studies on the use of textual programming
languages at early educational stages.

The remainder of this article is organized as follows.
Section II presents the necessary background to understand
the scope of this document. Section III covers the methodol-
ogy used in this systematic literature review (SLR). Section IV
presents the results of the analysis of the selected studies.
Section V discusses the previous works in the literature in this
research area. Section VI presents the research opportunities.
Finally, the conclusions are drawn in Section VII.

II. BACKGROUND

To provide context and introduce the research topic, this sec-
tion presents existing educational programming tools (includ-
ing EPLs and other educational environments), which can be
used to teach and develop programming skills for children,
youth, and adults. Most of the tools are based on program-
ming languages designed with learning programming in mind
and are generally based on blocks containing basic elements
required in traditional programming.

One of the most common categories considered by
researchers to develop CT is block-based visual environments.
Also, AgentCubes,1 Alice,2 and AppInventor3 are intuitive and
visual programming environments that allow users to create
3-D games and fully functional applications.

It is important to highlight PiktoMir4 and Scratch,5 which
are useful to learn basic programming principles in preschool
and elementary school children. Also, Snap6 is suitable for an
advanced introduction to computer science for high school or
college students. Other educational tools used to teach pro-
gramming are Gidget,7 which is a multiplatform game, and
Jeliot,8 which is a program viewing application.

III. SLR PROCESS DEFINITION

This study follows the Kitchenham et al. guidelines [32]
for performing a literature review process. Fig. 1 shows the
main steps to conduct a systematic literature review which are
depicted as follows.

1) Plan Review: This phase includes the activities related
to the organization of the development and validation of
the protocol.

2) Conduct Review: This phase includes the execution of
the review protocol and monitoring its progress.

1Created by AgentSheets https://www.agentcubesonline.com.
2Developed at the Carnegie Mellon University https://www.alice.org/.
3Created by Google Labs http://appinventor.mit.edu/explore/index-2.html.
4Freely distributed https://piktomir.ru/.
5Created by MIT Media Lab https://scratch.mit.edu/.
6Extended reimplementation of Scratch http://snap.berkeley.edu/.
7http://www.helpgidget.org/
8http://cs.joensuu.fi/jeliot/

Fig. 1. Overview of the systematic review process [32].

Fig. 2. Plan review phase [32].

Fig. 3. Conduct review phase [32].

3) Document Review: This phase includes activities, such
as documenting or reporting the study appropriately for
the intended audiences.

Next, the process that guides this SLR is detailed.

A. Phase 1: Plan Review

In this first phase, the way in which the study will be carried
out and what will be documented through the review proto-
col is designed. It involves the execution of two steps of the
process, as shown in Fig. 2.

Next, each of these steps are detailed.
1) Specify Research Questions: The objective of this liter-

ature review is to answer the following research questions.
1) RQ1: What empirical evidence exists about the use of

EPLs?
2) RQ2: In what context is the research performed?
3) RQ3: How is effectiveness reported in the literature after

applying an EPL?
4) RQ4: What pedagogical goals are achieved by using

EPLs?
2) Develop Protocol: In this phase, the systematic review

protocol document is developed, which describes all the details
on how the review will be carried out. The protocol presented
in Kitchenham et al. [32] guided covers items, such as the
background, research questions (see Section III-A1), search
strategies, data extraction, databases, and inclusion/exclusion
criteria (see Section III-B) used for the present study. The design
of each phase of the protocol is explained in the next section.

B. Phase 2: Conduct Review

In this phase, the plan established in the systematic review
protocol is implemented. Fig. 3 presents the activities to
perform in this phase.

Next, the performance of each of these steps is detailed.
1) Identify Research: In this phase of the review, the

databases to be queried are identified. Concretely, these
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Fig. 4. Search citing publication process.

databases are Scopus,9 ACM,10 IEEE,11 ScienceDirect,12 and
Wiley,13 which is based on the fact that they are com-
monly consulted sources that contain the greatest amount of
information. Note that the same databases as in the system-
atic literature review (SLR) study conducted by [33] that are
common sources of bibliographic information in the research
community have been used.

The database query was conducted in November 2018,
and the query was as follows. (“Learning programming” OR
“Learning coding” OR “Learning to program” OR “Learning
to code” OR “Learning of computer programming”) AND
(“Educational software” OR “Educational technology” OR
“EPL” OR “Visual programming environment” OR “Block-
based languages” OR “Block-based coding”).

Section VII presents the link that contains the database
query used for each database. After executing the queries, 899
papers were retrieved from all databases.

2) Select Studies: Fig. 4 shows the process carried out to
search for relevant studies.

Inclusion and Exclusion Criteria: After executing the
database query, the retrieved studies were subject to an in-
depth analysis. Below are the inclusion and exclusion criteria.

Inclusion Criteria: 1) papers published since January 2007
(Scratch development began in 2004 and it was finally released
in 2007); 2) the type of document should be a “journal article”
or “conference paper”; 3) papers written in English; 4) papers
in the following disciplines: computer science, social sci-
ence, education, and computing; 5) papers that explicitly state
the method and the EPL used in the programming learning
process; and 6) papers showing empirical evidence.

Exclusion Criteria: 1) papers whose studies did not apply
to learning programming; 2) duplicated papers; and 3) invalid
papers, i.e., no focus on applying an EPL for learning
programming.

9http://www.scopus.com
10https://dl.acm.org/
11https://ieeexplore.ieee.org/Xplore/home.jspg
12https://www.sciencedirect.com/
13https://onlinelibrary.wiley.com/

TABLE I
NUMBER OF PAPERS IDENTIFIED BY THE RESEARCH, INCLUSION, AND

EXCLUSION CRITERIA

Table I presents the number of papers identified in
this review, considering the inclusion and exclusion criteria
detailed in this section.

The description of the columns is as follows: 1) the number
of studies identified when searching in each database using the
search query presented in Section III-B1; 2) the number of
papers deleted as duplicate or invalid for the research; 3) the
number of filtered papers that explicitly state the method that
was used in the learning process and EPL; and 4) the number
of filtered studies that show empirical evidence of the learning
procedure.

3) Assess Quality: First, it should be noticed that the
applied inclusion and exclusion criteria, detailed above, are
considered as a first quality indicator. It is used to evaluate
the contributions by selecting the largest number of studies and
making sure that they report research that provides empirical
results of the applied methods. Second, and for the remaining
research questions considered, the quality evaluation will be
carried out later and not as a way to discard articles for analy-
sis. This is because one of the RQs (specifically RQ2.2) deals
with the evaluation of the quality of the reviewed papers; in
addition, that is why the result of that assessment is not used
to exclude papers from the present study since it is part of the
analysis presented in Section IV.

4) Extract Data: Once the previous phases are completed,
the data obtained in the last stage of phase two are classified
and the following steps are taken.

1) A database is created to store all papers to be clas-
sified. Concretely, a bibtex database14 is used. Later,
it is managed using Mendeley.15 The database records
the following attributes for each article: a) the type of
document; b) the title; c) the authors; d) the year of pub-
lication; e) a summary; and f) the link to access the full
document.

2) By applying the selection criteria, 62 items are obtained
as a result. A database in Excel is then created by
adding the following information: a) the place where the
research was conducted (country and educational institu-
tion); b) the applied method; c) the software used; d) the
objective; and e) the results obtained according to the
research questions.

3) From these 62 studies, those that present empirical
results are separated, resulting in 29 articles. These latter
articles form the second group of papers, and the follow-
ing information is included for them: a) the educational
context in which the method was applied and b) the

14http://www.bibtex.org/
15https://www.mendeley.com/
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Fig. 5. Document review phase [32].

details of the method used according to the guidelines
proposed by Wohlin et al. [34] (see Section IV-A).

C. Phase 3: Document Review

In this final phase of the systematic literature review,
shown in Fig. 5, the classification and documentation of the
information retrieved from the papers considered in the present
study (see Section IV) are carried out. To perform this, the
research questions defined in Section III-A1 are answered,
and the results of the analysis of the 29 articles that present
empirical evidence are reported.

IV. RESULTS

This section provides answers to the research questions that
were defined in Section III-A1.

A. RQ1: What Empirical Evidence Exists on the Use of
EPLs?

In the context of the question, two situations were analyzed
as follows: 1) the empirical methods described in the liter-
ature and 2) the criteria that were established to determine
the quality of the method and to report the results. First, the
empirical methods that have been described in the literature
and have been used for the learning process of programming
were identified. Therefore, to answer this question, the group
of 29 papers that presented empirical evidence is used. Some
studies use more than one method.

1) Case Study: The papers in this category use the
case study as an empirical research method, e.g.,
Runeson et al. [35], who investigates an instance of a
contemporary phenomenon within its real-life context.
The articles in this category are [1]–[15].

2) Experiment: The papers in this category use the
experiment as an empirical research method, e.g.,
Wohlin et al. [34], who has the goal of manipulating
one or more variables to perform statistical analysis. The
articles in this category are [16]–[25].

3) Others: The papers in this category use other research
methods, such as courses or workshops, to apply EPLs
in the programming learning process.

It is observed that the most used method in the literature is
the case study method with 15 papers representing 47% of the
total, which is followed by experiments with ten items repre-
senting 31% of the total. Additionally, the authors of seven
papers chose other methods, such as workshop and courses,
representing 22% of the total. Based on these results, it can be
inferred that researchers consider that case studies are easier

TABLE II
CRITERIA TO DETERMINE THE QUALITY OF THE CASE STUDY

to plan and more realistic whereas experiments try to isolate
the studied situation from the real-world and are more tedious.

Second, the criteria considered when reporting the findings
are analyzed. To evaluate the methods, both the structures of
the reports for the experiment and case study proposed by
Wohlin et al. [34] were considered. Each criterion was a binary
variable with a value of 1 if the corresponding information was
reported and 0 otherwise.

The following aspects correspond to the case study.
1) Introduction: Regarding this topic, the definition of the

problem statement, research objectives, and context in
which the study was conducted were considered to be
part of the introduction.

2) Case Study Design: It includes the definition of the
research questions, case and subject selection, data col-
lection procedure, analysis procedure, and/or validity
assessment procedure.

3) Results: It entails case and subject descriptions cover-
ing execution, analysis and interpretation issues, sections
that may be structured, and/or evaluation of validity.

4) Conclusions and Future Work: They are composed of a
summary of the findings, relations to existing evidence,
impact/implications, limitations, and/or future work.

Table II presents the different aspects and identifies 15
studies where the Case study method was applied. In 100%
of these studies, all the information of the Introduction was
described. In 55% of the studies, the Case study design was
reported; only 27% of the studies present information regard-
ing the Results of the research. Approximately 38% of the
papers present information on the Conclusions and future
work. Chao [1] and Navarrete [5] are the ones who have
reported the most complete studies.

The aspects considered for the experiment are shown as
follows.

1) Motivation: This item considers if the problem state-
ment, research objectives, and context in which the study
was carried out were defined.

2) Experimental Design: It includes the hypotheses, design,
subjects, objects, instrumentation, data collection proce-
dure, analysis procedure, and evaluation of the validity.

3) Execution: It entails the sample, preparation, data col-
lection performed, and validity testing procedure.
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TABLE III
CRITERIA TO DETERMINE THE QUALITY OF THE EXPERIMENT

4) Analysis: It contains the descriptive statistics, dataset
reduction, and hypothesis testing.

5) Interpretation: It involves the evaluation of the results
and implications, limitations of the study, inferences, and
lessons learned.

6) Conclusions and Future Work: Finally, the conclusions
are related to the existing evidence, impacts, limitations,
and future work.

Table III identifies ten authors who performed experi-
ments in their research. From the criteria established to
evaluate the quality of the studies, the aspects where more
information has been reported corresponds to the Motivation
with 100% of the papers. Following this, 49% of the
papers reported on the Experimental design, 47% reported
on the Analysis, 43% reported on the Interpretation, and
finally 38% presented information about the Execution and
the Conclusions and future work. With respect to the
authors, Feng and Chen [19] is the one that has reported
more information about their performed study, followed by
Lee and Ko [20] and Wang et al. [24]. The remaining authors
have not reported much information.

In general, it is observed that there is no consistency in what
has been reported and that there is a lack of maturity in the
subject. Also, there is a lack of having a complete report that
encourages discipline in writing the results. It is necessary to
know the details to be able to replicate the respective works in
similar environments and to be able to detect if the reader can
clearly and easily determine what is being studied and how
the results presented were obtained.

B. RQ2: In What Context Is the Research Performed?

To answer this question, the context in which the empiri-
cal research has been carried out is analyzed, including the

Fig. 6. Visualization of the systematic map.

continent and the educational level of the study participants,
and only the 29 articles that present empirical evidence were
considered.

In general, it is observed that the largest number of papers
have been published by European organizations, summing up
13 articles ([3], [6]–[10], [16], [18], [26], [27], and [23]–[25]).
This is followed by North America with five articles ([2], [5],
[13], [20], and [28]) and Asia with four articles ([1], [14],
[19], and [29]). However, the authors of seven papers have
not specified where the research was conducted.

It looks like this kind of study is mainly carried out in
Europe because researchers count on more information and
resources. However, it would be necessary to analyze the fac-
tors that influence the research at one site or another and what
research opportunities originated.

In addition, the educational stages have been considered and
established according to the organization responsible for edu-
cation and professional training in Spain, to classify the 29
articles. The largest number of empirical studies were con-
ducted on secondary education (12–18 years old) with nine
studies ([2], [3], [5], [7], [8], [13], [15], [21], and [28]); sec-
ondary education is followed closely by higher education (over
18 years old) with eight studies ([9], [14], [16], [18], [25]–[27],
[29]). This could be because students over 18 may have some
previous experience in programming concepts, which would
make it easier to perform the experiment or the case study at
higher levels.

However, few studies have been conducted on primary edu-
cation (6–12 years old) with three studies ([6], [10], and [19])
and one study was conducted on kindergarten (3–6 years old)
([23]). Likewise, there are eight papers ([1], [4], [11], [12],
[17], [20], [22], and [24]) where the educational stage in which
the study was conducted was not specified.

Fig. 6 depicts the gaps in the research by identifying the
educational levels at which the empirical studies are carried
out and the type of EPL used.

C. RQ3: How Is Effectiveness Reported in the Literature
After Applying EPL?

In the context of this question, the way in which the authors
report on the effectiveness after the application of the EPLs is
identified. To answer this, only the 29 articles that present
empirical evidence are considered. In [6], two alternatives
for effectiveness evaluation are reported while the rest of the
authors only reported one. A distribution of these activities is
shown in Table IV.
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TABLE IV
ACTIVITY FOR REPORTING THE EFFECTIVENESS OF THE EPL

1) Data Collection Instrument: For this category, the con-
tributions that used: a) questionnaires; b) interviews;
and c) surveys as data collection techniques to know
the opinions of students after the use of EPL were
considered.

2) Assessment: Papers in this category include activities,
such as: a) programming tests and b) self-assessments
to determine achievements in understanding and learning
the programming concepts of the participants.

3) Exercise Development: The papers in this category ana-
lyzed the skills obtained in developing programming
exercises to reach the learning objectives proposed in
the application of an EPL.

4) Evaluation of Final Project: The papers in this cate-
gory examined the projects designed and developed by
the participants to evaluate the learning of programming
concepts.

Of the activities mentioned in Table IV, the most commonly
used activity to determine the effectiveness of the application
of an EPL is the use of data collection instruments. This was
the technique used in 12 articles of the literature; it has been
concluded that questionnaires, interviews, and surveys are con-
sidered to be valid, reliable, and practical basic mechanisms
to obtain data.

D. RQ4: What Pedagogical Goals Are Achieved by Using
EPLs?

This question aims to determine the pedagogical goals in the
primary studies. To classify the pedagogical goals according to
the acquisition of programming skills, both the 29 previously
mentioned papers and some others mentioned below were
analyzed to find existing classifications.

First, bloom’s taxonomy of educational objectives [36] was
created in 1956 to promote high forms of thinking in edu-
cation. However, regarding the present literature review, this
classification is very generic since some skills that must be
acquired when learning programming languages do not fit
exactly in one category, but rather they fit in several.

It might be better to provide a classification more in line
with the skills that might be acquired when learning program-
ming. To define the aforementioned classification, a detailed
analysis and discussion of previous computer science educa-
tion research were used. In addition to the 62 papers analyzed
in this SLR, Kurland et al. [37] performs an empirical study
identifying the lack of information on both the achieved skills
and the methodology students follow to achieve them. The
proposal in [38] carries out a literature review that aims to
answer questions to uncover the pedagogical content knowl-
edge of informatics education. In addition, the contribution
in [39] analyzes many of the factors involved in the learning

process of programming. Considering all the research, the
following skills, among others, to be acquired were identified:
1) algorithmic thinking that involves sequencing, analysis, and
testing processes in time and space; 2) creative play, innova-
tion, and exploration through entertainment, communication,
and social applications; 3) application of the creativity and
acquired skills to solve problems; 4) mastery of the funda-
mental concepts and practices; and 5) teamwork and building
supportive partnerships.

Likewise, in addition, motivation factors are necessary when
dealing with the issues associated with the fundamentals of
programming within practical scenarios.

Therefore, the final classification would be the following,
which are the five high-level pedagogical objectives in the
context of this systematic literature review (SLR).

1) Problem Solving: Use of a structured problem-solving
process to help address new problems, see the chal-
lenges as problems that can be solved, and be able
to break down larger problems into smaller elements.
The papers classified in this category ([1]–[6], [8]–
[13], [15], [20]–[23], [25], [28], and [29]) pose that
the resolution of computational problems helps develop
skills for learning programming as a pedagogical goal.
This category includes items, such as: a) problem-based
learning (PBL); b) understanding CT; c) computer pro-
gramming training; and d) identification of the logic of a
program.

2) Persistence: Consider that mistakes are a productive
and natural part of problem solving, stay firm and con-
stant in the search for solutions even if setbacks occur,
and perform iterations to improve partial solutions. The
papers in this category ([7], [16]–[19], [24], and [27])
propose significantly increasing the constancy of the par-
ticipants in the learning and improving the understanding
of the programming concepts as a pedagogical goal. This
category includes items, such as: a) increased program-
ming performance; b) improved programming learning;
c) self-regulation; and d) increased retention.

3) Creativity: Conduct the work considering your own
interests or ideas, consider various possible approaches
and experiment with new ideas, and build, extend and
even improve upon the ideas or projects of colleagues.
The papers in this category ([5], [13], and [25]) set the
creative thinking of students to understand programming
concepts with an imaginative view as a pedagogical goal.
This category includes items, such as: a) creativity and
innovation and b) sustained systematic reasoning.

4) Collaboration: Work together with others to develop
better solutions that incorporate everyone’s work; help
the team, even by mediating disagreements to get
a common solution; and actively contribute to suc-
cessful group projects. The papers in this category
([2], [5], [25], [26], and [28]) set working collabora-
tively to help participants develop common solutions by
applying programming concepts as a pedagogical goal.

5) Communication: Structure and document the work done
so that others can easily understand it, be empathetic to
the audience regarding their level of knowledge when
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presenting the work, and accept and provide constructive
feedback to improve the work. The papers in this cat-
egory ([5] and [18]) set communication as a way to
develop a sense of trust and confidence within the par-
ticipants in their programming learning process as a
pedagogical goal.

Motivation is a subject mentioned in the literature that
affects the attainment of the five aforementioned goals. In [26],
the results of interviews with students on the learning methods
used establish that motivation is a problem that is par-
tially related to the learning method. Likewise, Nikou and
Economides [6] mentioned that computer science integrates all
disciplines of engineering; therefore, all the students need to
be motivated to learn the basic principles of computer science.
However, it is quite difficult to activate and maintain students’
motivation to learn to program. Also, in the results of their
studies, Nikou and Economides [6], Reardon and Tangney [9],
and Rozali and Zaid [29] established that through the imple-
mentation of PBL, students develop problem-solving skills and
are motivated to learn programming.

E. Summary of Results

Table V shows a summary of the primary sources with
empirical evidence (29 papers) together with all the data
extracted in the review process. The columns represent the
authors classified by the empirical method used in the research
(see Section IV-A).

First, the EPLs mentioned in the literature are identified.
Some authors used more than one EPL in their research.
Among the languages most used by the authors, Scratch is
used approximately 24% of the time and is followed by
AppInventor that is used approximately 11% of the time. This
can happen because Scratch is an easily accessible and very
useful tool to get started in programming. The languages used
are classified as follows.

1) Block-Based Language: The papers classified in this cat-
egory use programming languages that allow one to
visually program a sequence of commands that break
blocks or pieces of code that fit together.

2) Textual Programming Language: The papers classified
in this category use languages in which it is necessary
to write commands with a specific syntax.

3) Games for Learning CT: The papers classified in this
category use computer games for CT development.

4) Other Educational Tools: The papers classified in this
category use tools different from the previously men-
tioned tools to learn programming.

From among the categories mentioned, it is observed that
most of the studies use block-based languages for learning
programming (eight contributions), followed closely by tex-
tual programming languages (seven papers). Therefore, there
is not enough evidence to determine which type of EPL
dominates the learning processes. From the data obtained, it
seems that this could be due to the context and objectives
of the study since some textual languages serve one pur-
pose and visual languages serve another, although it is often
argued that visual languages serve to introduce the textual

programming learning by developing skills, such as creativity,
problem-solving abilities or teamwork.

In addition, Table V also shows the research objectives
addressed by the authors (some of them have more than one).
Each objective is explained as follows.

1) Address Pedagogical Goals: The papers categorized as
this objective use some EPL as an alternative to conven-
tional programming languages (for more information,
see Section IV-D).

2) Evaluate an EPL or Technique Used: The papers cate-
gorized as this goal evaluate the use of EPLs for their
inclusion in the study program.

3) Increase Motivation in Computer Science: The papers
classified as this objective are intended to promote the
positive attitudes of students toward computers.

4) CT Across the Study Program: The papers in this
category seek to identify the benefits of the cross-
implementation of EPL in the study program.

From the aforementioned objectives, it is noticed that the
most important aspect considered by the authors is to address
pedagogical goals. This means that in 23 of the 29 arti-
cles presented in this investigation (approximately 79%), the
authors seek to meet the pedagogical goal by using an EPL in
the programming learning process. This may be because most
people working in this area have teaching as their vocation,
and therefore they are looking for students to improve their
grades and reach the desired skills and knowledge according
to their level.

Regarding the pedagogical goals, the percentage of compli-
ance with the quality criteria of the empirical methods and the
educational level observed in the table, they are analyzed in
Section IV and specifically in Sections IV-A, IV-B, and IV-D,
respectively.

V. RELATED WORK

In this section, the studies and the authors who conducted
literature reviews [33], [40]–[45], are depicted and shown in
Table VI. The period used in the reviews carried out by the
authors varies according to the context of the study. Likewise,
the number of contributions analyzed by each author is also
shown, as well as a comparison about the research questions
made in this study and in the reviews done by the authors.

The comparative analysis was performed with respect to
four aspects that make up the scope of this research and that
correspond to the chosen method (RQ1), the research context
(RQ2), the effectiveness of EPLs (RQ3), and the pedagogical
goals (RQ4).

Regarding the empirical method selected for the
research (RQ1), the comparative table shows that
Costa and Miranda [40], Lye and Koh [41], and Moreno-
León and Robles [33] reported the methods used in their
publications. Nevertheless, it should be pointed out that the
evaluation of the quality of the method (also considered in this
question) is only presented in this article, which can be taken
as a reference so that the authors of subsequent publications
may consider the inclusion of this topic in their future research.

Concerning the research context (RQ2), Lye and Koh [41],
Medeiros et al. [42], and Noone and Mooney [43] do not report
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TABLE V
SUMMARY OF EPL AND OBJECTIVES

TABLE VI
COMPARISON OF RELATED REVIEWS

the country and the educational stage where their studies were
conducted.

Finally, in relation to the analysis of achieved pedagogical
goals (RQ4), it is found that only Salleh et al. [44] reported
their pedagogical goals. It should be pointed out that the effec-
tiveness (RQ3) is only presented in this article, which can be
taken as a reference so that the authors of future publications
may consider the inclusion of this topic in their research.

Regarding the analysis of the authors presented in Table VI,
it can be seen that only Medeiros et al. [42], as well

as the present study, made a comparison with results of
previous studies. Regarding the results reported by the authors,
through the Systematic literature review (SLR), it is con-
cluded that the use of an EPL has a positive impact on
student performance [40], [41], the use of an EPL results in
a better understanding and resolution of programming prob-
lems [42], the choice of the first programming language has or
does not have a profound effect on student performance and
interest [43], and what is the effectiveness of the techniques
and tools used by Salleh et al. [44] and Ting-Chia et al. [45].
Likewise, this study shows that the use of EPLs helps the
development of skills for programming learning and CT.
Additionally, the methods and techniques that the authors have
used have been collected, which for the most part agree with
the conclusions of the authors in Table VI.

VI. RESEARCH OPPORTUNITIES

Based on the research questions (see Section III-A1), some
ideas for contributing to the research are detailed as follows.
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1) A low number of reports that provide empirical evidence
and are critical to guiding and promoting the research
in this field have been found. Reporting studies with a
clear empirical strategy can help practitioners to improve
the usage of programming languages in the educational
process.

2) Latin American countries are underrepresented among
the reviewed works according to this study. However,
this can be seen as more of an opportunity than a
problem. The lack of studies in non-WEIRD con-
texts [46], where students from the rural sector face
significant challenges due to their low academic prepa-
ration, geographic isolation, and poor socioeconomic
conditions [47], [48], can motivate further research in
this topic. These studies would soften the bias of only
performing studies on similar countries.

3) There are few studies showing why textual programming
languages are not well suited for learning programming.
More efforts to learn programming in early educational
stages (kindergarten and primary education) are required
to understand the difficulties that students have and how
to overcome those in both the early and later stages of
the educational process.

4) In this review, there is no unique evaluation method.
Additionally, there are no clear pros and cons of
each method. Having a catalog of methods can help
researchers to and discuss and improve these methods.

5) In some authors’ research, CT is incorporated transver-
sally in the curricula, mainly at the secondary level.
However, it is unclear in which thematic areas of the
curriculum CT is being used. This information can be
useful for curriculum guideline creators who can then
consider where CT is more useful and why.

6) It is still unclear to what extent different programs are
used for learning programming relying on block-based
languages. Additionally, does the syntax of these lan-
guages affect the outcomes of the learning process? Such
questions can encourage and promote the research on
the topic while helping to understand which types of
languages are best suited for each type of student.

VII. CONCLUSION

This work presented a literature review of scientific pub-
lications on the use of EPLs for learning programming. The
pedagogical goals to be achieved through the application of
EPLs, the method to evaluate the effectiveness of the tools, the
main research objectives that are sought in each investigation in
recent years, and the time of the contributions were identified.

Through the performed SLR, it is verified that most of the
studies have been conducted at the secondary level by apply-
ing an EPL considering that it has had a positive impact on
the development of programming learning skills. In addition,
the results revealed that command and block-based program-
ming languages facilitate learning and allow the development
of other types of skills and abilities besides programming.

Specifically, certain research opportunities were identified,
such as the need to: 1) detect in what thematic areas of

the study program CT is used; 2) use different alternatives
to block-based and textual languages in order to compare
the results; 3) have more and better quality empirical evi-
dence; 4) develop more studies and empirical evidence in
non-WEIRD nations; and 5) develop studies regarding the use
of textual programming languages in early educational stages.
The objective of this study was to guide new research using
these most important findings that identify future research by
analyzing a specific language, such as Alice to establish the
impact on programming learning by performing controlled
experiments at a high educational level.

MATERIALS

The results of searching in digital libraries and pro-
cessing these searches were stored in the Mendeley bib-
liography system. To access to these results, review
https://doi.org/10.5281/zenodo.3569716.
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