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Abstract. Background: Programming teaching is a difficult task due to the
course complex nature. Moreover, there are negative stereotypes associated to
programming courses, because it often fails to stimulate students to understand.
Aim: Investigate the efficacy of digital games as a tool to aid the process of
teaching and learning programming. Method: We conducted a systematic re-
view study to find out how effective is the use of games on programming clas-
ses. Three bases of electronic data, thirteen conference and two magazines were
researched to find relevant studies. Results: After applying the inclusion and
exclusion criteria of the 6518 primary studies, 29 were included in this study.
Conclusion: 97% of the studies report that the use of games is an effective tool
for teaching and learning programming.
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1 Introduction

There are many difficulties faced by novice programmers in computing courses,
mainly during the process in learning of programming. There are many reasons for
that [1], either by requirement of logical/mathematical thinking, or even by different
speeds of students’ learning. Learning computer programming has been highlighted as
a hard and complex task. This is demonstrated by the high dropout rates school leav-
ers [2] [3] on related courses.

Many efforts have been made by researchers and educators in order to overcome
the difficulties found on programming teaching. The use of digital games is a method
that is being explored [4] [5], providing interactive and ludic moments to the novice
programmers. However, this use is still restricted to isolated initiatives and it is not
known how and to what extent the games contribute to the programming teaching
process.

Thus, the aim of this work was to perform a Systematic Literature Review (SLR),
in order to investigate the use of digital games as a tool for assisting the process of
teaching programming. SLR is a research into a phenomenon of interest that produces
detailed and specific results by means of a content and quality analysis of the material



researched [6]. SLR was used to remove, catalog, analyze and synthesize data from
many papers published in conferences and international journals which address the
theme of this review.

This paper is structured as follows: first, we present the research method used (Sec-
tion 2) and then, we present the general results of this review (Section 3). Finally, we
draw some conclusions and present the final considerations (Section 4).

2 Method

The SLR is structured based on the original guidelines proposed by [6]. Regarding
to this, the aim was to determine the effectiveness of using digital games as a tool to
assist beginning students to learn how to code and analyze research and practical ex-
periences about this subject between 2009 and 2013.

2.1  Research Questions

The SLR performed in this study aims to answer the questions presented in Table 1.
The first column shows the research question code, which will be referenced through-
out this paper. The second column shows their descriptions.

Table 1. Research Questions

Questions Description

RQ1 Which programming languages are being taught by studies that make
use of games as teaching tools?

RQ2 What studies are being performed by researchers who investigate the
use of games on programming teaching?

RQ3 What is the scale (number of attendees) of the studies that are being
conducted by researchers?

RQ4 Do the reported studies indicate effectiveness in the use of games for
teaching programming?

RQ5 What schooling levels are being contemplated by the studies?

RQ6 The approaches are based on Distance Learning or traditional face-to-
face contact?
RQ7 What skills and competencies are being exploited?

RQ8 What benefits and limitations are being reported?

2.2 Searching Process, Inclusion and Exclusion Criteria

The searching process was composed of automatic and manual searches in data-
bases, conferences and journals. This strategy was considered appropriate after pilot
studies performed during the drafting of the SLR protocol. Three electronic databases
were researched during the SLR, all of them identified as potentially useful in previ-
ous studies [7] [8]. The electronic databases were: ACM, CiteSeerX and IEEExplore.




Manual researches in conference proceedings also were made. Thirteen confer-
ences were identified as potentially relevant: Technical Symposium on Computer
Science Education (SIGCSE), Conference on International Computing Education
Research (ICER), Conference on Foundations of Digital Games (FDG), Transactions
on Computing Education (TOCE), Conference on Innovation and Technology in
Computer Science Education (ITiCSE), International Conference on Digital Game
and Intelligent Toy Enhanced Learning (DIGITEL), Workshop on Network and Sys-
tem Support for Games (NetGames), Symposium on Computacional Intelligence and
Games (CIG), Conference on Information Technology Education (SIGITE), Symposi-
um on Interactive 3D Graphics and Games (13D), International Conference on Soft-
ware Engineering (ICSE), International Symposium on Empirical Software Engineer-
ing and Measurement (ESEM) and International Conference on Evaluation and As-
sessment in Software Engineering (EASE).

Also, the Journal Computer and Education (JCE), Journal of Computing Sciences
in Colleges (JCSC) and International Journal of Educational Research (IJER) were
examined. The results of this search process are shown in Table 2.

Table 2. Bases included data.

Sources Amount | 1% Selection | 2" Selection (Abstract and Con-
(Titles and clusion)
Keyword) Excluded Includ-
ed
Not Dupli- Primary
Rele- cate Studies
vant
String IEEE 147 18 11 0 7
ACM 212 27 24 1 2
ScienceDirect 213 2 1 0 1
Conferéncias SIGCSE 521 11 3 0 8
ICER 86 8 6 0 2
FDG 122 3 1 0 2
TOCE 101 8 7 0 1
ITICSE 319 6 3 0 3
DIGITEL 131 2 1 0 1
NetGames 76 0 0 0 0
CIG 286 0 0 0 0
SIGITE 200 1 1 0 0
13D 100 0 0 0 0
ICSE 967 1 0 0 1
ESEM 83 0 0 0 0
EASE 123 0 0 0 0
Journal JCE 1386 3 3 0 0
JCSC 1195 5 4 0 1
IJER 250 0 0 0 0
Total 6518 95 65 1 29




After many executions of different searching strings applied on electronic data-

bases, we found one suitable for the SLR:
teaching AND programming AND games

This searching string was formed after analyzing the keywords and relevant litera-
ture titles found during a preliminary search of papers in electronic databases, confer-
ences and journals described earlier. To build the searching string for this review,
keywords that define this thematic were selected: (1) Game, (2) Teaching and (3)
Programming. We were careful to include in the searching string some variants terms
(education, code, program) and other grammatical inflections.

A three-steps approach was used in the searching process. In the first step, all re-
trieved studies were evaluated in order to identify those relevant to answer the re-
search questions. A total of 6.518 studies were analyzed. After reading the titles, ab-
stracts and keywords, this initial set was reduced to 95. During this selection, Inclu-
sion Criteria (IC) and Exclusion Criteria (EC) were applied (see Table 3).

Table 3. Inclusion and Exclusion Criteria.

Inclusion Criteria Exclusion Criteria

EC1: Publications were excluded if
their main focus was not on the use of
games for programming teaching;

EC2: Papers proposing one approach or

IC1: Papers reporting the use of games
on the teaching of programming for
students of basic, technical and higher
education;

IC2: In the case of journals or confer-
ences reporting the same study, only the
more recent paper was included; and

IC3: Publications between 2009 and

describing use of games on program-
ming teaching, but without any evalua-
tion;

EC3: Documents which are available in

2013. the form of abstracts or presentations
and secondary studies (systematic map-
pings and literature reviews);

EC4: Publications not written in Eng-
lish; and

EC5: Duplicated papers.

In the second step, papers abstracts and conclusions were read, and again, IC and
EC were applied to the 95 candidate papers. The result was a subset of 29 primary
studies (63 excluded based on exclusion criterion C2, 1 based on exclusion criterion
C3, 1 based on criterion C5 and 1 duplicate paper.). It is important to emphasize that,
in some cases, the reading of other parts of papers was done in order to proceed to the
selection. In the third step, the 29 studies were read in full. The references of these
papers are available on <http://goo.gl/jLIh3n>.

2.3 Quality Evaluation

Each relevant paper was evaluated by its quality. This quality evaluation process
was performed during the data extraction phase and it ensured that the included stud-


http://goo.gl/jLJh3n

ies had a valuable contribution to SLR. It was considered the 11 criteria for quality
evaluation discussed by [9]:

e QAL Is the study related to empirical research or experience reports based
on reports or in the experts opinion?

e QA2 There is a clear definition about the research goals?

QAZ3: There is a suitable description of the context in which the research was

conducted?

QA4: The research planning was suitable to address the research goals?

QADB: Data extraction strategy was suitable to the research goals?

QAB6: There was a control group in which we could compare treatments?

QAT: Data were collected addressing the research questions?

QAB8: Data analysis was sufficiently accurate?

e QAQ9: The relation between researcher and attendees was considered in a
suitable degree?

e QAL0: There is a clear indication of the results?

e  QAL1L: Is the value of study for research or practice?

The first two of these criteria were used to exclude papers that do not clearly indi-
cate the research goals. This represents the minimum quality threshold that has been
observed during SLR. The remaining criteria are intended to determine the accuracy,
analysis and credibility of the research methods employed, as well as the relevance
and quality of each study for this review. The answers to each question were tabulated
and assigned a value of 1 (“'Yes”) or 0 (“No”). In order to test the procedure validity
for quality evaluation, two additional reviewers received the same samples found in
the papers and were invited to assess the quality based on the same criteria defined for
quality evaluation. There was no disagreement about quality evaluation in these pa-
pers. See results in Table 4.

2.4  Data extraction

In this phase, the following data were collected on the selected studies: study goals;
study method (i.e., controlled experiment, experience report, case study, among oth-
ers); number of attendees involved in studies; how data were collected and analyzed
during the study; schooling which the survey was applied (i.e., high school); type of
programming language that is being taught; the results, conclusions and problems
found; cognitive abilities worked in studies; effectiveness use of games as a method
for teaching of programming; and the study quality evaluation. All data were extract-
ed by a reviewer, while other two examined the overall outcome of the studies. These
results were then compared and no significant issues were found. All the extracted
data were stored in a spreadsheet.



3 Results
This section summarizes the results of the study. Thus, in Subsection 3.1 presents
the evaluation of the quality of primary studies, the next subsection the answers to

research questions, and finally, in Subsection 3.3 is described limitations and threats
of the study.

3.1  Quality evaluation of the primary studies

The results of this quality evaluation are presented in Table 4. A quality score was
attributed for each paper. All papers included in the review were based on empirical
research or presenting experience reports [QE1], and the goals were clearly defined
[QE2]. From 29 studies, 18 offered some context description in which the research
was conducted [QE3], while 26 had an appropriate research planning [QE4].

Table 4. Quality Evaluation Results.

st [1]1]0]1]l1]0]0]0]O0]1]1]G6]
.~ s8 [ 1]1]1]1/1]0]0]1]0]1]1]8]
.~ s5 [1]1]0]1]0]0]0]O0 1] 1] 1]G6]
.~ su1 [ 1]1]0]1/1]0[1]0]O0]1]1]7]
.~ s138 [1][1]0]1/1]0[0]0 1] 1]1]7]

.~ s15 [ 1][1]0]1/1]0][0]1]1]1]1]8]
.~ s1i7 [1]1]0]111]0[0]0]O0]1]1]G6]
s [ 1][1]1]1/1]0[1]0]1]1]1]09 ]
.~ s23 |1 [1]1]1]1]0[1]0]0]1]1]8]
s | 1[1]1]1[1]0[1]0]0]1][1]8
s | 1[]1]1]1[1]0[1]0]0]1]1]8




The analysis of Table 4 shows that the included studies had an appropriate extract-
ing strategy to the research context [QES5], but the most part did not use a control
group that could compare the results [QE6]. In 17 studies, the data were collected in
a way that addressed the research questions [QE7]. However, the data analysis was
considered sufficiently accurate only in 13 studies [QE8]. Relation between research-
er and attendees was considered suitable in 12 studies [QE9]. On the other hand, only
4 studies did not provide a clear indication of results [QE10]. Finally, all studies pre-
sent a value for the research or practice [QE11]. 4 studies included in the review ob-
tained maximum score of 11 points [S7, S8, S9 and S21]. The lower score reached by
the papers was 6 points [S1, S10, S17 and S18]. The average score in quality of the
studies included in the review is 7,9 points. Finally, it was considered that all papers
had enough quality to support the analysis of our research questions.

3.2  Research Questions

The answers to the research questions described in Subsection 2.1 are discussed
below. In Table 5, we have the publications by country statistics, according to the
country of affiliation of authors. Here, we see that most research activity in this area is
in the United States, accounting for 59% of research, followed by England (7%), Ma-
laysia (7%) and China (7%). The other countries in Table 5 corresponding to 4%
each. A summary of the data extracted from each study are presented in Table 6.

Table 5: Papers by country.

United States 18 El, E3, E4, E8, E9, E10, E13, E14, E15, E16, E17, E21,
E22, E24, E26, E27, E28, E29

E12, E20

South Africa

Czech Republic

Table 6. Summary of included studies.
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[RQ1] Which programming languages are being taught by studies that make use of

games as teaching tools?



Analyzing the studies included in SLR, we found 7 different types of programming
languages that are been used. Java was the main language used, found in 8 studies
[S1, S6, S9, S13, S14, S15, S22 and S29]. Three papers discuss the use of C# lan-
guage [S8, S18 and S24]. Visual Basic [S8 and S23], Python [S10 and S17] and C++
[S7 and S26] were reported in 2 papers each. C [S27] and F# [S8] were both de-
scribed by a single paper. The other studies did not show any programming languages
used. The studies emphasized the use of software designed to teach programming
principles. This includes the use of Greenfoot [S9, S13, S15, S17 and S28], Alice [S1,
S13, S14 and S16], Scratch [S16 and S25], Blocky [S3] and GameMaker [S29].

The use of robotics for programming teaching principles was also reported. The
use of Lego Mindstorms addressing theory and practice of programming introduction
using robotics was employed in two studies [S2 and S3]. The LighBot is an environ-
ment of a simple educational programming that allows novice programmers to learn
the basics of programming in a simulated robot, and its use was highlighted in [S19].
In [S10], it is presented a game called Gidget, in which students play through a series
of levels, finding and fixing robot defects.

[RQ2] What studies are being performed by researchers who investigate the use of
games on programming teaching?

The use of the case study was the most employed method, being reported in 10
studies, which corresponding to 35% of the total [S6, S7, S8, S9, S13, S16, S17, S18,
S19 and S21]. The use of controlled experiments was described in 6 studies [S3, S10,
S12, S20, S25, S26], corresponding to 21%. Report experience was employed in 4
papers [S5, S14, S22 and S29)], representing 14%. The use of workshops was report-
ed in 3 studies [S15, S27 and S28], corresponding to 10%. Quasi-experiment [S4 and
S23] and Questionnaires [S11 and S24] were used in 2 studies, completing a total of
14%. In addition, the Experimental evaluation [S2] and Interviews [S1] also occurred
corresponding to a total of 6%. These data reveal that in 18 studies were performed
using a empirical research method (case study, controlled experiment and quasi-
experiment) and in 11 studies, no empirical research method was used.

[RQ3] What is the scale (number of attendees) of the studies that are being con-
ducted by researchers?

The studies vary from studies of small scale that contained 8, 9, 10 and 13 at-
tendees, to studies of larger scales with 100, 146, 233, 322 people. The largest sample
was 325. In 27 studies it was reported the exact number of students who answered the
survey. On the other hand, 2 studies [S6 and S2] did not report the number of the
attendees involved.

[RQ4] Do the reported studies indicate effectiveness in the use of games for teach-
ing programming?

Analyzing all the studies included in SRL, it is possible to produce a classification
about reporting the use of digital games as an effective method of teaching and learn-
ing of programming. From the 29 papers, 28 (97%) reported that the use of games is
effective for teaching of programming concepts, and a single study offers a mixed
result [S14], i.e., it can show positive and negative results, but this study did not re-



ported negative points. No study reported that use of games is considered inefficient
for teaching of programming.

[RQ5] What schooling levels are being contemplated by the studies?

The papers were classified according to the educational level in which the research
was made. It is possible to notice that the most of the studies are focused on the high-
er education (55%) [S1, S2, S4, S5, S8, S10, S11, S12, S19, S20, S21, S22, S23, S24,
S26 and S29]. In contrast, 39% of the analyzed studies have focused on the high
school [S6, S7, S8, S9, S13, S14, S15, S16, S17, S18, S25 and S28]. Only 3% are
intended to elementary education [S27]. This review also shows that 3% of the papers
are intended to teaching in all levels (elementary, high school and higher education)
[S3]. These data show that 43% of the studies are being designed to basic education
(elementary and high school) and 57% to higher education, showing that the teaching
of programming at the basic level is a research trend.

[RQ6] The approaches are based on Distance Learning or traditional face-to-face
contact?

With respect to this aspect, 98% of the studies are intended for teaching on-campus
(face-to-face) and only 2% for distance learning. With the growth of distance learn-
ing, it suggests a research opportunity for this educational field.

[RQ7] What skills and competencies are being exploited?

In the studies reported, just a few of them clearly have skills and competencies be-
ing exploited. However, two skills were found: cognitive and social. Cognitive skills
reported in the studies were: players building algorithms during the game-play, de-
signing their own solutions (collaboration) [S11]; players usually use logic condition
in order to achieve a higher score in the game and also when they want to create reus-
able solutions (establish logical conclusions) [S7] [S16]; players can debug their solu-
tion to detect errors in their logic (solving problems) [S10]. In social skills, the char-
acteristics presented were: dealing with rules; cooperation and development [S11]
[S18] [S20] [S35] and [S47]. Regarding to competencies, all studies have mentioned,
such as: creativity, structuring of thought, responsibility, curiosity, confidence and
team work.

[RQ8] What benefits and limitations are being reported?

Using the results obtained by SLR, it was observed that some benefits and limita-
tions were reported. The benefits were: the use of games motivates and enhances the
teaching of programming, increasing power of concentration in students and the
school pass rate, as well as a decrease in the number of leavers in algorithm subjects;
use of workshops as a ludic and attractive ways of teaching-learning process for algo-
rithms; use of ludic tools for teaching of programming — such as Scratch, GameMak-
er, Blocky, Alice and Greenfoot — as a way to make more dynamic the teaching-
learning process. [E19] pointed out that high school students had a significant in-
crease in computing knowledge, also a growth interest in this field and the prospect of
doing computing courses in the future. [E11] emphasized that higher education stu-
dents reported that the use of games for teaching of programming in introductory
subjects is efficient to assist new novice programmers.



In general, the difficulties faced by students do not reflect something unusual, be-
cause all computing students have the same problem, especially at the beginning of a
course: difficulties to abstract and understand problems, or to specify and encode a
solution. The difficulties identified by the papers were: to understanding the problems
and the ability to think logically. However, in [E30], the authors draw attention to
some challenges, such as: technology used for developing games is not suitable; not
everyone likes games; and the large time for developing attractive games to students.

We can also identify some weaknesses regarding to programming teaching-
learning in the general context, such as:

e The students do not know how to solve problems through programming: we be-
lieve that the most important cause for these difficulties that many novice pro-
grammers feel in learning of programming is the lack of skills to solve common
problems; this involves problem understanding and logical reasoning;

e Many students do not have enough logical and mathematical knowledge: we be-
lieve that mathematical knowledge is very important for programming and it was
possible to find studies, such as [12], that evidences the relation between pro-
gramming skills and mathematics;

e Programming requires a high abstraction level: programming learning requires
abstraction skills, generalization and critical thinking, among others;

e The lack of motivation in learning of programming: many students do not have
enough motivation to study, because there is a connotation that is extremely nega-
tive associated with programming that goes from student to student.

These problems are being addressed and resolved by the researchers by the use of
digital games as an attractive and motivating factor for programming teaching-
learning.

3.3  Limitations of this study

The procedures used in this study have deviated in aspects presented in the guide-
lines [6] for some specific points:

e The research was organized in a manual and automatic searching process in
a specific sets of journals and conferences;

e A single researcher selected the studies, based on their titles and abstracts;

e A single researcher arranged the data, while the others have verified data ex-
traction as suggested by [8].

The first topic implies the possible absence of relevant studies. The automatic
searching only happened in 3 databases, deemed acceptable by [10] and a manual
searching happened in 13 conferences presented as relevant in [7]. In particular, it
may be noticed the missing of relevant papers published in other journals and national
conferences. This threat was controlled by choosing the main databases, events and
journals in this field.

Regarding to second topic, as the number of papers analyzed during the pre-
selection is high. There is a chance that relevant papers have passed unnoticed in



analysis of the titles, abstracts and keywords and also in the searching string. This
threat was controlled by making use of experienced researchers in the field with
available time to make a careful selection.

The third and last point means that some data collected may be incorrect. Control
of this threat was carried out by a careful analysis of each study, since in this third
point, there were relatively few primary studies. Control of this threat was carried out
carefully by an experienced researcher in SRL and analysis of these data types, since
this third point there were few primary studies.

3.4  Lessons learned from the SLR

Many lessons can be reported after the completion of this review. [10] discussed
the experiences of a PhD student in conducting a SLR. [7] added other discussions
and lessons learned. Including observations that: conduct a SLR is a time consuming
and laborious process; and suggests that the development of a protocol helps to per-
form the review.

From the lessons learned in conducting the presented study, it is possible to agree
with the authors that the SLR conducting a large-scale, independently, as part of a
doctoral research project, is a time-intensive process. In fact, the study presented here
took about ten months to get done. This time period was reported as an average for
PhD students [11].

The lessons learned from the experience of conducting the study independently al-
so allow several observations to be made that may help other students, even on PhD,
mastering and undergraduate who decide to perform an SLR. Then, these lessons are:

o Define clearly the research questions and the search procedure;

e Perform various tests of string to adapt to each search engine's;

e A single researcher can develop a protocol for SLR with the accompaniment of an
experienced researcher; and

e The use of appropriate inclusion criteria and exclusion can reduce the number of
papers accepted for the study and thus has a direct correlation with the effort exert-
ed.

4 Final Considerations

Many analyzes can be performed based on the results on this review. Regarding to
quality index, we believe that this number is good (average of 7.9/11), mainly because
18 of 29 papers included in the review implement some empirical study method.
These studies provide good scores concerning the quality evaluation criteria used for
this review.

Eight research questions were created in order to determine the efficiency of using
games in learning of programming and providing a broad view of the research theme.
Many results and trends concerning the teaching of programming using games may be
indicated with results including observations that:



e The Java programming language has been the most frequently adopted in re-
searches;

e Case studies and controlled experiments are the most commonly methods re-
ported and used to evaluate the effectiveness of the games intervention;

e The attendees number who took part in the research to evaluate the effec-
tiveness of using games in teaching of programming varies from small to
large samples;

e Half of the work is being applied to higher education and a considerable
amount of these studies focuses on-campus teaching (face-to-face).

The data also show that the research in the games field for programming teaching
has been increasing in the last two years. In fact, the number of papers published has
increased significantly in 2012 and 2013, having approximately twice the number of
publications on previous years. Another relevant point is the discrepancy between the
number of articles published in the contexts of classroom education and distance.
These data clearly showed the need for research that addresses the teaching of pro-
gramming in distance education.

Through the research conducted it was possible to verify the application of the use
of games in teaching programming. The results in this application indicate that the use
of digital game is an effective tool for teaching program, i.e., 97% of the reported
studies. In addition to the results of SLR, there was a discussion that describes the
lessons learned in conducting a SLR from the perspective of a PhD student. Some
contributions were made in order to help other students who decide to develop an
SLR. Another contribution of this work is the SLR itself, which will serve as the start-
ing point for several other researches through primary studies and reported results.

In all the analyzed studies, the term “motivation” is often used to justify the devel-
oped researches. The motivational factor is the reason why the potential of digital
games is being investigated in order to increase the interest of students and reduce the
number of leavers in subjects related to programming. We can deduce that the search
for innovations to promote motivation and interest of the students is a constant in the
analyzed studies. However, after a more detailed analysis on the justifications of these
studies, it was found that under the term “motivation”, different goals are included.
The goals identified were: improve certain skills, i.e., logical reasoning; students’
engagement in interactive and ludic activities; maximize the learning of a particular
content, i.e., conditional structures and repetition; and group learning. In general, the
SLR results indicate that the use of games is an effective tool for programming teach-
ing. This is observed in 97% of the selected studies.
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