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ABSTRACT

Aim/Purpose This paper presents the results of a systematic literature review that sought
to identify the studies that relate the different pedagogical techniques by
which active learning is developed in the context of the teaching/learning of
computer programming, with the objective to characterize the approaches,
the pedagogical techniques used, the application, the contributions, and diffi-
culties of implementation reported by these studies.

Background The literature has shown that teachers in teaching programming have been
less successful than they should and need to be, so dropout and failure rates
for students remain high. In this sense, much has been discussed about the
possibilities and limitations of using the active learning pedagogical tech-
niques in this context.

Methodology For this review, an analysis from all studies mentioning active learning in the
context of the teaching/learning of computer programming published be-
tween 2014 and 2019 was performed, retrieved in WOS, SCOPUS, Sci-
enceDirect, and ACM Digital Library. The selection of studies was based on
a set of criteria established to guide the selection process, including align-
ment with the research questions and evaluating the quality of studies.

Contribution This study contributes to an overview of the current scenario, characterizing
the research studies that associate the different pedagogical techniques of
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INTRODUCTION

active learning in the context of the teaching/learning of computer program-
ming,

The results showed that the studies’ approaches usually occur by interven-
tion/pedagogical experiment or by the development of a tool, instrument or
methodology. The lipped classroom methodology has obtained a notable
prominence in research. The use of active learning pedagogical techniques
results in greater acceptance or positive feedback from students, increasing
their satisfaction or motivation to improve the learning experience, learning
outcomes, or student performance. However, they require a greater ef-
fort/work by the teacher to plan and/or execute the teaching/learning pro-
cess. It should be highlighted that the contributions observed for the teach-
ing/learning process of computer programming derive from investigations
mainly concentrated in the university context, aiming to observe if these con-
tributions can be reproduced in other education levels. The contributions ob-
served in the studies regarding the uses of pedagogical techniques of active
learning in the context of computer programming indicate that their use can
contribute significantly to the teaching/learning process, showing it to be a
viable alternative and consistent with the reduction of the failures in the
learning of programming,

Considering that over the years the teaching/learning process of computer
programming has been a challenge for students, based on the findings of this
research, we recommend that teachers consider restructuring their traditional
practices of teaching computer programming, making use of pedagogical
techniques of active learning to obtain better learning results of their stu-
dents.

We recommend that fellow scholars consider investigating how the difficul-
ties inherent to teachers related to the teaching/learning process of program-
ming may relate to difficulties concerning students and content, especially
with regard to traditional teaching practices.

This study adds to previous systematic reviews of the literature, specifically
studies that relate active learning to the context of teaching/learning of pro-
gramming;, It is hoped that the findings of this article can support other re-
search that addresses the topic, enabling its development and deepening,
through the developed basis from which active learning researchers can work.

Future studies may investigate the benefits of using different pedagogical
techniques for active learning and the costs related to the higher cognitive
burden imposed by these techniques for learning computer programming;

computer programming, active learning, teaching/learning, teaching method-
ologies, systematic review

Due to the relevance of computers for society, the promotion of skills related to computer program-
ming has been notable. In this sense, the development of these skills in formal education invariably
goes through the process of teaching/learning computer programming. However, when it comes to
the teaching/learning process of programming, the literature of the area over the years has shown
that, when teaching programming to students, teachers are less successful than they should and need
to be (Bennedsen & Caspersen, 2007; Gomes & Mendes, 2014; McGettrick et al., 2005; Simon et al.,
2019; Sleeman, 1986; Watson & Li, 2014).
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The origin of the problems associated with programming teaching/learning is broad since it involves
several variables from different actors involved in the process. The existing literature mainly high-
lights the difficulties related to students, such as: reading and interpretation; development of logical
reasoning; deficient problem-solving skills; low abstraction capacity; low level of knowledge in math-
ematics; inappropriate study habits; little motivation; lack of persistence or little commitment (Bosse
& Gerosa, 2016; Gomes & Mendes, 2007; Medeiros et al., 2019; Qian & Lehman, 2017; Robins et al.,
2003).

However, it must be considered that at least part of the problems related to the learning of program-
ming can originate from the teaching practices developed during the teaching/learning process; that
is, from the difficulties intrinsic to the teachers’ methods. In this sense, Vihavainen et al. (2014), when
conducting a systematic review of articles describing introductory programming teaching approaches
in order to analyze the effect that various interventions can have on the pass rates of introductory
programming courses, concluded that, on average, teaching interventions can improve programming
pass rates by nearly one third when compared to a traditional lecture and lab-based approach.

Thus, the traditional teaching based on lectures, which is the pedagogical approach most used in
classrooms at different levels and teaching contexts, and its efficiency in the teaching/learning pro-
cess, has been questioned in different areas of knowledge. Part of the concern with the efficiency of
traditional teaching stems from the teaching format that can often place students in a passive role so
that they receive the knowledge transferred by the teacher from isolated facts, out of context, in ad-
dition to this knowledge being abstract with the significant possibility of being forgotten later.

Much has been discussed in education about the possibilities and limitations of active learning
(Freeman et al., 2014; Michael, 20006). It is prudent to highlight that this learning model contrasts in
no small extent with the traditional approach of lecture-based teaching. It aims at the active participa-
tion of students and their engagement through a wide variety of methodologies, strategies, ap-
proaches, and pedagogical techniques centered on the student, so that they are involved in the teach-
ing/learning process, in order to apply their knowledge in meaningful ways, employing higher-order
thinking skills and reflecting on their learning to build new knowledge (Bonwell & Eison, 1991;
Richardson, 2008).

In this context, the main aim of this systematic review was to identify the studies that relate the dif-
ferent pedagogical techniques (methodologies, strategies, and approaches) by which active learning, in
the context of the teaching/learning of programming, is developed in order to characterize the ap-
proaches, pedagogical techniques used, applications, contributions, and reported difficulties of imple-
mentation in the referred context. In the context of teaching/learning of computer programming,
several reviews can be found in the literature (Borges et al., 2018; Luxton-Reilly et al., 2018; Medeiros
et al., 2019; Pears et al., 2007; Qian & Lehman, 2017; Robins et al., 2003). However, those reviews
focus on more general aspects of the process of teaching/learning of programming, including, for
instance, problems, difficulties, and skills related to the learning of programming, as well as teaching
methods and tools. In light of this context, we consider that the relevance of this study consists in
the specific relationship between the various pedagogical techniques of active learning and the pro-
cess of teaching/learning of programming, having as the main contribution the development of a
study that reflects a current panorama of related research.

BACKGROUND

The process of teaching/learning of programming, especially in its introductory context, has been a
challenge for students and teachers, resulting in high levels of failure, dropping out, and even aban-
doning the course, in different levels, courses, and teaching contexts. In this direction, Martins et al.
(2018) reveal that the teaching of programming faces serious challenges worldwide. Many students
drop out of computer science courses in their early years, because they are unable to understand
many of the concepts taught in introductory programming courses.
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Studies such as that of Bennedsen and Caspersen (2007), Watson and Li (2014) and Simon et al.
(2019) indicate that failure rates in introductory programming subjects are approximately 30%, which
means that these subjects can be considered one of the existing bottlenecks in computing, informat-
ics, and other courses that include these subjects in their curricula, hindering or even preventing stu-
dents from continuing such courses. To reverse this scenario, teachers and researchers have dedicated
themselves to studying the causes of these complexities and developing varied proposals, primarily
aimed at students who ate new to programming. Those proposals aim to make the teaching/learning
process more effective.

However, it should be noted that none of the proposals proved to be complete or even generic to
the point of solving the problems inherent in learning how to program that still persist (Gomes &
Mendes, 2014; Koulouri et al., 2015; Vihavainen et al., 2014). Students continue to struggle with
learning how to program, thus investigations should account for the teaching/learning process as a
whole, not just the difficulties observed in the students, or their cognitive aspects.

It is worth noting that as the majority of studies focus on observing the difficulties related to stu-
dents, and not the ones from the teaching/learning process itself, it can be hypothesized that these
problems for learning cannot be restricted to students only. Neither their lack of abilities nor compe-
tencies, make it necessary to observe the entire teaching/learning process, since the teaching pro-
cesses in place, as well as the learning theories that guide those processes, must have some impact or
influence over them.

Several studies have evidenced that the use of pedagogical techniques of active learning is effective
and produces superior results, in comparison to the traditional approach based on lectures, indicating
the reduction of failure rates, the promotion of a greater interest and engagement of students, by de-
veloping and improving their attitudes, in addition to promoting critical thinking and a deeper under-
standing. This allows for better learning results through a contextualized teaching/learning process
that establishes conditions for students to be responsible for their knowledge (Freeman et al., 2014)

In general, it can be said that active learning develops through any instructional method that requires
learners to do meaningful learning activities, combined with reflection on what they are learning and
doing, and having as their main characteristic an apprentice-centered approach, in which teachers and
students collaborate and interact with the content (Prince, 2004). Active learning takes place in vari-
ous ways through methodologies, strategies, approaches, or pedagogical techniques. Among these
methodologies, the following stand out: flipped classroom, peer instruction, project-based learning,
problem-based learning, team-based learning, think-pair-share, gamification, game-based learning,
case study, hands-on, and many others.

Due to the benefits resulting from the use of pedagogical techniques of active learning, educators
started to develop, adapt, and implement a wide variety of them at the most varied levels and con-
texts of teaching to make the teaching/learning process more efficient and meaningful for their
learners. Thus, considering that active learning is an inherent part of the learning of computer pro-
gramming, due to the application and practical characteristics related to this knowledge, there are
prominent attempts in the literature with relevant results, deriving from the use of active learning in
the process of teaching/learning of programming, making it possible to hypothesize that the use of
the various pedagogical techniques of active learning is a field with promising potential for develop-
ing research. In this sense, a systematic review of the literature is conducted in this paper in order to
identify and characterize the research studies that relate the different pedagogical techniques by
which active learning is developed in the context of teaching/learning of computer programming, to
develop a study that reflects a current panorama of the research.

METHOD

This review was developed based on the guidelines for systematic literature reviews presented by
Kitchenham (2012), with the aim to identify the studies published between 2014 and 2019 that relate
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the various pedagogical techniques of active learning to the context of teaching/learning of pro-
gramming, in order to characterize the approaches, the pedagogical techniques used, the application,
contributions and difficulties reported in the studies. The summary of the protocol developed for
this review is presented in Figure 1, together with the research questions.

RESEARCH QUESTIONS

RQ1: What are the approaches that relate the different pedagogical techniques (methodologies, strategies,
approaches) of active learning to the teaching/learning of programming?

plied in the context of teaching programming?

RQ2: Which pedagogical techniques (methodologies, strategies, approaches) of active learning have been ap-

RQ3: At what education levels are these studies applied?

these studies?

RQ4: What contributions and difficulties in using pedagogical techniques for active learning were reported in

PROCESS FOR DATA RETRIEVAL

Search string [

("Active-Learning" OR "Active Learning") AND ("Programming" OR "Computer Sci-
ence" OR CS) AND (Teach* OR Learn*)

)

Web of Science
92

‘ Scopus ’

‘ Databases 130

ScienceDirect

Total
335

‘ ACM DL ’ ‘

16 97

PROCESS FOR SELECTION OF STUDIES

Delete the duplicate studies (n=83)

o

o

Selecting the studies based on inclusion and exclusion criteria

[ Inclusion Criterion — IC

J |

Exclusion Criteria— EC

4 N

IC1: Studies written in English or Spanish relate
the different active learning pedagogical tech-
niques (methodologies, strategies, approaches)
to the teaching/learning of programming.

- /

EC1: Studies that do not address the research
questions;

J

-

EC2: Summaries (e.g., short communications) or
secondary studies (sutvey, systematic review, or
systematic mapping);

~

J
~

Ve

-

EC3: Studies are written by the same authors or
research groups, with the same data (in this case,
only the most recent one was kept).

J
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QUALITY ASSESSMENT

QAL1: Is there a clear definition of the aims of the study?

QA2: Is there an adequate description of the context in which the study was conducted?

QAZ3: Is there an adequate description of the research methods employed in the study?

QADS5: Is thete a clear indication of the results?

QAG: Do the evidenced results represent a real educational context of teaching?

[ QA4: Was some type of controlled experiment or a case study carried out to support the findings? ]

QAZT7: Does the study have value for this research?

EXTRACTION AND ANALYSIS OF DATA

[ Identification of the studies and extraction of data related to research questions ]

Figure 1. Summary of the protocol developed

As can be seen in Figure 1, to obtain the necessary data to answer the research questions based on
the terms that make up the scope of this review (Active Learning; Computer Programming; and
Teaching/Learning), an approptiate search string was developed.

In order to verify if the search string developed was adequate, a set of tests was carried out in differ-
ent databases. After those tests, it was considered that the search string chosen proved to be appro-
priate for the recovery of studies falling within the scope of this research.

In this way, that search string, given in Figure 1, was implemented automatically through the search
engines, having as parameters the title, keywords, and abstract fields, and article as document type,
published between the years 2014 and 2019, in the following databases: Web of Science - Core Col-
lection (Clarivate Analytics); Scopus (Elsevier); ScienceDirect (Elsevier); and ACM Digital Library.
The search was carried out on September 21, 2020 and retrieved a total of 335 studies in the referred
databases.

From the retrieval of the studies, the process of selecting the studies to compose the documentary
corpus ot basis for review began. Thus, for this review, duplicate studies were initially deleted (n=83).
The remaining 252 studies were then submitted to an analysis of the title, keywords, and abstract by
the researchers individually, observing the inclusion and exclusion criteria.

As a next step, since the assessment of the quality of existing studies is an underlying concern when
performing systematic reviews, the pre-selected studies were assessed for quality. A quality assess-
ment was performed because it allowed for identifying and disregarding studies that were methodo-
logically weak, presented incipient results, or were of low scientific quality.

Thus, as can be seen in Figure 1, to assess the quality of the studies that make up this review, seven
questions were developed as an adaptation of the model proposed by Dybé and Dingseyr (2008) for
evaluating the study’s quality. To answer those questions, the studies pre-selected based on the selec-
tion criteria were read thoroughly. The questions were weighted as follows: 1 (yes, the selected study
meets the criterion); 0.5 (partially, the selected study does not report clearly); and 0 (no, the selected
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study does not meet the criterion). At the end of the assessment, the sum of the scores obtained by
each study was taken based on the quality assessment questions.

The quality assessment questions aim to identify the relevance of the studies regarding their aims,
methodology, results, and their reliability and value for this review. Thus, as a cut-off rule for studies
to form the basis for this review, it was defined that studies should obtain a score equal to or greater
than 4.

For the data extraction process, the studies selected to compose the documentary corpus of this re-
view were identified and made available in a shared spreadsheet, in which one researcher proceeded
to extract data related to research questions, with the other verifying this extraction.

IMPLEMENTATION OF THE PROTOCOL AND DISCUSSION OF
RESULTS

Following the process described for retrieving appropriate papers, 335 studies were initially identified,
83 duplicate studies were discarded from these, leaving 252 studies for later evaluation. The selection
process for the 252 recovered studies, based on inclusion and exclusion criteria, removed a further
179 studies, which did not meet the inclusion criteria. Another 33 studies fit into at least one of the
exclusion criteria, thus totaling 212 discarded studies, which left 40 pre-selected studies.

The pre-selected studies were then assessed for quality, with a view to analyzing their aims, methodol-
ogy and results, reliability, and relevance to the aims established for this review, as well as identifying
and disregarding studies that were methodologically weak with incipient results, or of low scientific
quality. Most of the pre-selected studies received a good score, obtaining an average of six points,
which would be somewhat expected, given that these studies were published in scientific journals and
peer-reviewed conferences.

Thus, with regard to the quality of the pre-selected studies, only two of the studies scored below 4,
and they were discarded. As a result, 38 studies that were pre-selected based on the selection criteria
and that obtained a quality score equal to or greater than 4, make up the basis for this review. Details
of the 38 studies are given in Appendix A, and the quality assessment can be found in Appendix B.

It is worth noting that, during the process of implementing the systematic literature review protocol
in question, there was a good agreement between the researchers, with divergence rates below 10%
being registered, both in the selection process and in the quality assessment process. Among these
divergences in the selection process, cases can be mentioned related to the exclusion criterion - EC3 -
(studies are written by the same authors or research groups, with the same data), or even cases where
it was not possible to determine explicitly which are the active learning techniques used in the study,
so that one of the researchers considered not including these studies or even classifying them in one
of the exclusion criteria. In contrast, the other researcher took the opposite position. In the quality
assessment of the studies, the divergences were due to the attribution of different scores in these
evaluations.

Thus, for both the selection process and the quality assessment process of studies, meetings were
held to discuss, as well as re-analyse, the divergent studies (when necessary) to resolve the differences
resulting from the analysis independently of the two investigators for each of the studies.

The following discussion is based around the research questions that guided this review.
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APPROACHES THAT RELATE THE DIFFERENT PEDAGOGICAL TECHNIQUES
OF ACTIVE LEARNING TO THE TEACHING/LEARNING OF PROGRAMMING

(RQD

Based on the studies that form the basis of this review, it can be observed that there are three ap-
proaches that relate the various active learning pedagogical techniques to the teaching/learning of
programming: pedagogical intervention/experiment; the development of a tool, instrument, or
methodology; and the analysis of the teachers’ perception. Table 1 identifies the studies within each
of these approaches and the number present in the sample.

Table 1. Approaches that relate active learning pedagogical techniques
to teaching/learning of programming

APPROACH STUDIES QUANTITY

S01; S02; S03; S04; S05; S08; S09; S10; S11;
S12; S14; S16; S17; S18; S19; S20; S21; S22;

Pedagogical intervention/experiment 31
S23; §24; S25; S27; S28; S29; S30; S32; S33;
S34; 835; S37; S38
Development of a tool, instrument, or
methodology S06; S07; S13; S15; S26; S31 6
Analysis of teachers’ perception S36 1
Total 38

As can be seen from Table 1, most studies that relate active learning pedagogical techniques to the
teaching/learning of programming, address this relationship through pedagogical interventions or
experiments carried out in the classroom. The six studies aim at developing a tool, instrument or
methodology; and only one study addresses this relationship through an analysis of the teachers’ per-
ception on the use of active learning pedagogical techniques.

It is worth noting that, in studies S09 and S11, the authors conduct a pedagogical intervention, focus-
ing their research on the assessment of active classroom environments; that is, the assessment of
physical learning environments developed to promote active learning.

It should be noted that the use of pedagogical interventions or experiments carried out in the class-
room to evaluate the different pedagogical techniques of active learning seems to be adequate to col-
lect empirical evidence of the effectiveness of these techniques, as well as the possible contributions
and the limitations to their implementation. Also, on the use of pedagogical interventions or experi-
ments in the context of teaching/learning of programming, Vihavainen et al. (2014) show that, on
average, teaching interventions can improve programming pass rates by nearly one third when com-
pared to a traditional lecture and lab-based approach.

PEDAGOGICAL TECHNIQUES OF ACTIVE LEARNING APPLIED IN THE
CONTEXT OF TEACHING PROGRAMMING (R(Q2)

Regarding the pedagogical techniques applied in the context of teaching/learning of programming
(Table 2), it is observed that the Flipped classroom has achieved notable prominence. In addition, the
popular and already consolidated active learning pedagogical techniques, such as Project-based learn-
ing, Peer instruction, Blended learning, Collaborative learning, Problem-based learning, Game-based
learning, Pair programming, Gamification, Hands-on, Inquiry-based learning, Living code, Team-
based learning, and Think-Pair-Share, are present in the sample. The basis of reviews includes more
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recent pedagogical techniques, such as Process Oriented Guided Inquiry Learning (POGIL), and the
adaptation of others, such as Peer-teaching with videos.

Table 2. Active learning pedagogical techniques (methodologies, strategies, approaches)

PEDAGOGICAL TECHNIQUES STUDIES QUANTITY
S01; S03; S04; S05; S16; S18; S19; S20; S21;

Flipped classroom

S22; §28; S29; S30; S31; S33; S34; S35 17
Project-based learning S06; S10; S12; S24; S28; S32 6
Peer instruction S02; S09; S37; S38 4
Blended learning S03; S25; S34 3
Collaborative learning S12; S14; S23 3
Problem-based learning S02; S03; S20 3
Game-based learning S08; S13 2
Pair programming S22; 823 2
Undetermined S07; S26 2
Gamification S15 1
Hands-on S10 1
Inquiry-based learning S20 1
Living code S33 1
Peer-teaching with videos S27 1
POGIL S36 1
Team-based learning S19 1
Think-Pair-Share S17 1

The active learning methodology, Flipped classroom, implemented by over 40% of the studies that
comprise the basis of this review, refers to the concept of inverting roles in the classroom. This was
initially proposed by Lage et al. (2000) and was conceived as “Inverted Classroom” and popularized
in 2007 by Jonathan Bergmann and Aaron Sams. According to Bergmann and Sams, the concept of
the flipped classroom is, basically: “that which is traditionally done in class, is now done at home, and
that which is traditionally done as homework is now completed in class” (2012, p. 13).

The second active learning pedagogical technique most implemented by the studies that comprise the
basis of this review is Project-based learning, The idea of working with projects as a pedagogical re-
source in the construction of knowledge has its origin and theoretical foundation in the thinking of
the New School’s philosopher John Dewey, based on learning by doing (Noordin et al., 2011; Wang
et al., 2016). The Project-based learning technique aims to involve students in obtaining information
and skills from the search for solving complex, authentic problems that are planned in search of effi-
cient and dynamic learning in which the students are active in building their knowledge (Peng et al.,
2017).

The pedagogical strategy, peer instruction, implemented by four studies, was developed in 1991 by
Eric Mazur (Mazur, 1997; Mazur & Somers, 1999). Its objective is to promote the learning of the
fundamental concepts of the content being studied, through interaction between students,
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stimulating exchange and discussion in order to emphasize the processes and results obtained in a
collaborative environment capable of influencing the entire process of students’ learning, as well as
in the teacher-student and student-student relationship. This contributes effectively to developing
skills, such as questioning, debating, listening, doing, and teaching,

As shown in Table 2, there are several pedagogical techniques (methodologies, strategies, approaches)
for active learning. However, this review is not intended to present and discuss all of these tech-
niques, considering that more information regarding them can be obtained through the studies re-
trieved by this review. Therefore, only the active learning pedagogical techniques that have a greater
representation within the studies that make up the basis of this review have been described.

It should also be clarified that it was not possible to explicitly determine which active learning tech-
niques are the ones used in studies S07 and S26, even though the proposed approach to the teach-
ing/learning process present in the studies cleatly is developed based on the concepts of active learn-

ng.

EDUCATION LEVELS AT WHICH STUDIES WERE APPLIED (RQ3)

With regard to the application of studies (Table 3), it is observed that all studies selected to form the
basis of this review, in some way, were applied covering almost all levels of education.

Table 3. Education levels at which studies were applied

LEVEL OF EDUCATION STUDIES QUANTITY
Elementary School S08 1
High school S29 1

S01; S02; S03; S04; S05; S06; S07; S09; S10; S11; S12;
S13; S14; S16; S17; S18; S19; S20; S21; S22; S23; S24;

University/college $25; S26; S27; $28; S30; S31; S32; $33; S34; S35, 537,
$38

Graduate studies S07 1

Teacher training S36 1

Indeterminate S15 1

However, the vast majority of studies (over 80%) are concentrated in university/college education,
and the other levels of education (elementary, high school, graduate, and teacher training) have one
study each. Furthermore, although it has been applied, it is not possible to determine the level of ed-
ucation at which the study S15 was applied.

CONTRIBUTIONS AND DIFFICULTIES REPORTED IN USING PEDAGOGICAL
TECHNIQUES FOR ACTIVE LEARNING (RQ4)

Interpreting the various contributions and difficulties in the use of pedagogical techniques for active
learning, in complex studies, with a broad relevance in their findings, is no easy task. The records that
follow comprise an attempt to systematize these contributions and difficulties made explicit by the
authors regarding the theme of this review.

Table 4 systematizes the contributions reported by the studies that form the basis of this review on
the use of active learning pedagogical techniques for the teaching/learning of programming.
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Table 4. Contributions of the use of active learning pedagogical techniques
for the teaching/learning of programming

CONTRIBUTIONS STUDIES QUANTITY

S02; S03; S07; S08; S10; S12; S13;
Greater acceptance or positive feedback from |S14; S16; S17; S20; S21; S22; S23;
students, increasing their satisfaction or moti- | S24; S26; S27; S28; S29; S30; S32;
vation S33; S34; S35 24

S02; S03; S07; S08; S10; S12; S13;
S14; S17; S21; S23; S24; S25; S27,
Improving students’ learning experience S29; S30; S31; S32; S33; S34; S35 21

S03; S04; S09; S11; S12; S13; S14;
Improving students’ learning outcomes or S17; S18; S19; S25; S31; S33; S34;

performance S37; 838 16
Stimulating students’ interest, involvement, or | S02; S04; S07; S12; S22; S23; S24;
engagement S25; §26; S28; S30; S31; S34 13

Stimulating the development of soft skills or
abilities related to collaborative work and S04; S10; S12; S14; S20; S23; S30;
communication S31 8

Enabling greater flexibility during the teach-
ing/learning process, making students learn at

their own pace S03; S04; S16; S22; S30; S35 6
Increasing students’ confidence or self-confi-
dence S02; S10; S23; S29; S30 5
Optimizing or expanding the classroom time-
line S03; S16; S22; S30 4
Increasing approval rates S14; S25; S32 3

Helping to bridge the gap between weak and
strong students S22; 831 2

As shown in Table 4, over 60% of the studies report as being a contribution of the use of active
learning pedagogical techniques in the context of teaching/learning of programming, greater ac-
ceptance or positive feedback from students, increasing their satisfaction or motivation.

Moreover, it is also worth mentioning the following reported contributions: it improves the students’
learning experience (n=21); improves learning outcomes or student performance (n=16); stimulates
students’ interest, involvement, or engagement (n=13); and encourages the development of soft skills
or abilities related to collaborative work and communication (n=8). The contributions observed in
this study find support in Andres (2017), which shows that active teaching is a positive predictor of
the course score and learning motivation of students.

Regarding satisfaction, Freeman et al. (2014), through empirically validated results in regular class-
rooms, evidences that active learning is students’ preferred teaching practice. In this sense,
O’Flaherty and Phillips (2015) indicate that there is much indirect evidence of improved academic
performance and student and staff satisfaction with the flipped approach.
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In general, the contributions mentioned and presented in most of the studies that make up this re-
view are in line with the literature, being evidenced by several studies such as those by Prince (2004),
Michael (2006) Cavanagh (2011), Duffany (2015), in addition to those already mentioned above.

With regard to the difficulties reported in the studies that form the basis of this review on the use of

active learning pedagogical techniques for the teaching/learning of programming, the results are pre-
sented in Table 5.

Table 5. Difficulties in using active learning pedagogical techniques
for the teaching/learning of programming

DIFFICULTIES STUDIES QUANTITY
Greater effort/work is required from the teacher to  S02; S03; S06; S12; S20; S27;
plan and/or execute the teaching/learning process  S30; S34; S36 9
Student resistance or mistaken study methods S01; SO5 2

Greater effort and involvement of students is re-
quired during the teaching/learning process S19 1

As shown in Table 5, the main difficulty in the use of active learning pedagogical techniques for
teaching/learning programming, is that it requires a greater effort/work of the teacher to plan
and/or execute the teaching/learning process. This difficulty was mentioned by nine studies that
make up the basis of this review. This main difficulty, observed in studies, is in line with the findings
of O’Flaherty and Phillips (2015) in a review of the use of flipped classrooms in higher education,
where these authors show what is known about the time, cost and staffing required in flipping a class.

IMPLICATIONS

In this paper, a systematic literature review was conducted in order to identify and characterize the
research reflecting the different pedagogical techniques of active learning in the context of teach-
ing/learning of computer programming,

Through the analysis of the data from the studies that form the basis of this review, it was found that
the use of active learning pedagogical techniques allows for greater acceptance or positive feedback
from students, increasing their satisfaction or motivation to enhance the learning experience, learning
outcomes, or student performance during the process of teaching/learning of programming,

Opverall, these observed contributions find support in the results obtained by Freeman et al. (2014),
who conducted a meta-analysis of 225 studies published before 2010 that reported data on exam
scores or failure rates when comparing undergraduate student performance in STEM under tradi-
tional lectures versus active learning. Freeman et al. conclude that average exam scores improved by
about 6% in the active learning sections and that students in classes with traditional lectures were 1.5
times more likely to fail than students in classes with active learning.

Motivation is a crucial factor for the success of any learning, However, the development of higher
cognitive skills and abilities such as those related to programming, which requires the mastery of
multiple domains, may not occur unless students are adequately motivated.

In this sense, Gomes and Mendes (2014) evidence that demotivation is common in many novice-pro-
gramming students who are not able to cope with the natural difficulties associated with program-
ming learning. Duffany (2015) points out that many students do not seem to be highly motivated to
learn the contents of introductory programming. Some students just want to pass the course having
as their main motivation obtaining a grade and, as a result, many have a poor performance in the
course.
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Another finding concerns the use of the active learning methodology, Flipped classtroom, to the
teaching of programming, This methodology has been gaining popularity in recent years. Giannakos
et al. (2014) provide a summary of six main advantages with regard to the use of the flipped class-
room teaching approach: (i) increases learning performance; (if) positive attitudes; (iii) increases en-
gagement; (iv) more discussions; (v) enforces cooperative learning; and (vi) better learning habits. In
general, the benefits pointed out by Giannakos et al. (2014), in the context of using the flipped class-
room, somewhat match those reported in the context of active learning in this study.

Thus, based on the findings of this research, we recommend that teachers consider restructuring
their traditional computer programming teaching practices by using active learning pedagogical tech-
niques to elicit the highlighted learning contributions from their students.

Finally, it is worth noting that this review shares the most common limitations of the systematic
method, such as research coverage and possible biases introduced during the selection, data extrac-
tion, and analysis of studies. Furthermore, the fact that some of the research questions listed require
answers that are not binary or objective is a limitation with regard to data analysis. However, it should
be noted that these limitations have been addressed following the general recommendations for sys-
tematic reviews.

CONCLUSIONS

The main purpose of this study was to identify research studies that relate the different pedagogical
techniques by which active learning is developed in the context of teaching/learning of computer
programming, in order to characterize the approaches, the pedagogical techniques used, the applica-
tion, and the contributions and implementation difficulties reported by these studies. To this end, a
systematic review of the literature was conducted between the years 2014 and 2019. By running the
systematic review protocol, 335 studies were retrieved from Web of Science, SCOPUS, ScienceDi-
rect, and ACM Digital Library.

The studies’ selection was based on a set of criteria established to guide the selection process, includ-
ing alignment with the research questions and assessment of the quality of the studies. Of the 335
studies retrieved initially, 297 were discarded, either because they were duplicates based on the inclu-
sion and exclusion criteria, or because they did not meet a minimum quality score. Thus, 38 studies
were selected to form the basis of this review.

From the analysis of the selected studies, it was observed that the approaches that relate active learn-
ing to the context of teaching/learning of programming (RQ1) are pedagogical intervention/expeti-
ment, or the development of a tool, instrument, or methodology.

With regard to the active learning pedagogical techniques (methodologies, strategies, approaches) ap-
plied in the context of teaching programming (RQ?2), it was found that the techniques employed are
diverse. However, the Flipped classroom methodology has obtained a notable prominence in re-
search, as well as the Project-based learning and Peer Instruction strategies, and their application is
mainly concentrated on university/college education (RQ3).

In relation to the contributions in the use of active learning pedagogical techniques reported by the
studies in the context of teaching/learning of programming (RQ4), it is noted that, in general, the
use of these techniques enables greater acceptance or positive feedback from students, increasing
their satisfaction or motivation in order to improve the learning experience, learning outcomes, or
student performance. It also stimulates students’ interest, involvement, or engagement, as well as the
development of soft skills or abilities related to collaborative work and communication. However, it
should be highlighted that the contributions observed for the teaching/learning process of computer
programming derive from investigations mainly concentrated in the university context, aiming to ob-
serve if these contributions can be reproduced in other education levels.
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The studies report as the main difficulty to implementing the pedagogical techniques of active learn-
ing in the context of teaching/learning of programming is that these require a greater effort/work
by the teacher to plan and/or execute the teaching/learning process. However, even if implementing
the active learning pedagogical techniques requires a greater effort/work from the teacher to plan
and/or execute the teaching/learning process, the findings of this research concerning the contribu-
tions arising from the use of these pedagogical techniques indicate their use can contribute signifi-
cantly in the teaching/learning process, showing to be a viable alternative and consistent with the re-
duction of the failures in the learning of programming.

Finally, we consider that this study’s objective to identify and characterize the studies that relate the
different active learning pedagogical techniques in the context of teaching/learning of computer
programming has been achieved. Thus, this study adds to previous systematic reviews of the litera-
ture, specifically addressing the panorama of studies that relate active learning to the context of
teaching/learning of programming. It is hoped that the findings of this article can support other re-
search that addresses the topic, enabling its development and deepening through the developed basis
from which active learning researchers can work.

In future studies, we suggest that researchers consider investigating the benefits of using different
pedagogical techniques for active learning and the costs related to the higher cognitive load imposed
by these computer programming learning techniques. It should be indicated, even more generally,
that the action of investigating how the difficulties inherent to teachers, related to the teaching/learn-
ing process of programming, may imply difficulties concerning students and content, especially with
regard to traditional teaching practices developed by them.
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