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Abstract

This paper presents the results of a systematic review of the literature, including a meta-
analysis, about the effectiveness of the use of Alice software in programming learning
when compared to the use of a conventional programming language. Our research
included studies published between the years 2000 and 2014 in the main databases.
We gathered 232 papers. Taking into account the selection criteria to make the meta-
analysis, we retained six papers with a quasi-experimental design, with 464
participants in total. To combine the results we used the random effect model. It
resulted in an effect size of 0.54 (Cohen’s d) with a confidence interval between 0.34
and 0.74.

We concluded that until now there have been few experimental results on the
effectiveness of Alice programming language to introduce students in learning how to
program. The results we found were the expression of different experimental treatments
and distinguished teaching methods which made the comparison of the results obtained
more subtle. However, the existing experimental results that were submitted to the
meta-analysis allowed us to assume with a certain margin of safety that a teaching
strategy that uses Alice should obtain more effective results than the use of a
conventional programming language.

Introduction

The initial learning of programming a computer has attracted the attention of researchers mainly
due to the difficulties that the students present. The specialized literature points out some explana-
tions to these difficulties, including: (1) the complex syntax of the first programming language
that the students contact with, which, usually, is more appropriated in a professional context
than in the initial learning stage (Jenkins, 2002); (2) the students’ lack of skills in problem solv-
ing, logical and abstract reasoning, which are needed in this area (Bierre & Phelps, 2004; Dann,
Cooper & Pausch, 2000); (3) the strategy of “pure” memorization often used by the students to
achieve success in other subjects but which is not sufficient in this area (Salcedo e Idrobo, 2011)
since programming is not only syntax and has a dynamic behavior (Dann et al., 2000; Moons &
Backer, 2013); some studies even refer that (4) the teaching methods could not be the most
adequate, as they tend to value abstraction (Gomes, Henriques & Mendes, 2008; Moons &
Backer, 2013).
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Practitioner Notes
What is already known about this topic

* The students present many difficulties in initial programming learning.
» Alice software was created to support beginners but so far there has been no
combination of the results obtained.

What this paper adds

* A systematic review and meta-analysis about the impact of the Alice software in
initial programming learning.

e It combines studies from 2000 to 2014 and uses achievement as dependent
variable.

Implications for practice and/or policy

» A teaching strategy that uses Alice should obtain more effective results than the
use of a conventional programming language.

* The results we found were the expression of different experimental treatments
and backgrounds which made the comparison of the results obtained more
subtle.

Several authors propose a set of solutions to overcome some of these problems and facilitate the
learning process. Moons and Backer (2013) present four proposals in their research. The first
approach is highlighted with the use of more adequate educational methodologies, ie, a specific
order to approach the subject-matters. However, it is not yet clear which one is the best
methodology.

In a second approach, the authors present as a possible solution the more frequent use of learning
techniques based on the constructivist perspective, as role-playing, storytelling and workshops.
Liu, Cheng and Huang (2011), and Robertson (2012) present the same opinion, underlying the
simulation and games construction as having a positive effect on the development of skills and
problem solving.

Moons and Backer (2013) also presented as a solution the application of programming languages
more appropriated to learning, as Pascal or Python. However, this solution only solves the prob-
lem of the complex syntax of the first language, mentioned by Jenkins (2002).

None of these suggested solutions converges to the proposed solution made by Gomes et al
(2008). They affirm that programming learning should be first acquired by the programming’s
logic learning and only after that by the syntax. A very similar idea was first proposed by Fay and
Mayer (1994) in the context of the initial learning Logo programming language. These sort of
solutions may be related with the use of a type of software environments: the micro world (Moons
& Backer, 2013). The micro world concept was created by Papert (1985) and consists of a pro-
gramming environment that allows objects to move through commands. In this subject, Karel
the robot, Scratch and Alice stand out.

Alice’s language allows the students to create videos by animating characters or video games
while they learn basic programming concepts. Programs are built by dragging the instructions to
the edition area, also allowing the construction of interactions between objects. According to the
Alice project authors and Salcedo and Idrobo (2011), programming by dragging instructions to
the edition area prevents many syntax basic mistakes, one of the common problems in the initial
learning of any programming language.
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Table 1: Number of papers identified by the research, inclusion and exclusion criteria

Number of Number of Exclusion criteria
papers identified papers meeting
Database in search inclusion criteria A B C Selected
ACM digital library 94 15 5 4 3 24
ERIC 9 3 1 - - 2
IEEE Xplore 39 6 3 1 - 24
ISI web of knowledge 79 13 3 7 - 3%
ScienceDirect 9 1 - 1 - 0
SpringerOpen 0 - - - 0
DOA]J 2 0 - - - 0
Total 232 38 12 13 3 6

#0ne study repeated.

There are several studies that try to demonstrate the effectiveness of the Alice programming lan-
guage, but so far was not yet carried out any systematic literature review that aggregate and
compare the different results. Another feature to point out is that most of the developed studies
have small dimensions and present different scientific methods (Bishop-Clark, Courte & Howard,
2006; Garlick & Celikel, 2010; Salcedo & Idrobo, 2011). Consequently, it hinders the understand-
ing of the true impact of this software in programming learning. That is why we think a
systematic review of the literature is needed, as well as a meta-analysis which present the effect
size of the studies and combine them to generate new data. We do not intend to obtain conclusive
results due to the samples’ size of most of the studies, but to combine the information needed for
future research.

Methods

In order to reduce subjectivity, bias and the difficulty to present voluminous quantities of informa-
tion inherent in the narrative review of the literature, our methodological option relied on the
systematic review and meta-analysis (Borenstein, Hedges, Higgins & Rothstein, 2009; Cooper &
Hedges, 2009). The clear, systematic and precise method and the evidence synthesis skill are
characteristics of this type of review that constitute added values in the reaching of the goals here
proposed (Gough, Oliver & Thomas, 2012; Hedges & Pigott, 2001). Furthermore, the application
of the meta-analysis to combine the results allows us to obtain a clearer perspective about the
impact of each study, once the analysis is done directly from the effect size (Borenstein et al.,
2009; Cooper & Hedges, 2009).

We developed the systematic review according to the steps suggested by Khan, Kunz, Kleijnen
and Antes (2003) and Cooper and Hedges (2009). Finally we analyze the statistical significance
of the results and calculate the heterogeneity to validate the studies combination (Borenstein
et al., 2009).

Data sources

At this phase we conducted a research in the main databases related with Computer Science and
Education (Table 1). This search was done throughout November 2014 and had as restrictions:
(1) studies written in English, Spanish or Portuguese; (2) from the year 2000 until 2014 (because
the Alice tool was created in 1999); and (3) each paper must present abstract and full text.

Attending to the purpose of this review, the terms used for searching (that should also be pre-
sented in the abstract) were “Alice” and “programming.” In the specific case of the database ISI
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Web of Knowledge, the studies were also restricted to the research area “Computer Science” or
“Education—Educational Research” since “Alice” is also a concept used in the Artificial Intelli-
gence area. We obtained 232 papers in all databases (Table 1).

Inclusion and exclusion criteria
After the results of the first phase, we selected the papers which contained the following (Table
1)

1. Use of Alice software as a programming learning tool;
2. Participants belonging to high school or above, mainly the first years of college;
3. Presentation of quantitative empirical results.

In the following phase, the selected studies were object of a deep analysis (Table 1). The ones with
at least one of the following characteristics have been excluded (Khan et al., 2003):

1. Results derived from the participants self-evaluations;
2. Results deriving from the counting of programming constructs to ascertain learning;
3. The presented data does not reflect and does not allow the effect size calculus.

In the effect size calculus we used the Cohen'’s d. This measure, when represented by a proportion,
estimates the quantity of subjects of the experimental group (EG) that is expected to exceed the
medium value of the control group (CG) (Conboy, 2003).

We also analyzed the references in the official website of the Alice project (http://www.alice.org/).
After the analysis of the studies from the inclusion and exclusion criteria, it was possible to obtain
one more study.

Coding procedures
The codification of the studies data (Table S1) was based in the meta-analysis codification of
Hedges, Shymansky and Woodworth (1989) and subsequently adapted to this work’s context.

Results
The results presented in Table 2 illustrate the selected studies compilation from the codification in
Table 3.

In each study the EG was the group that used the Alice tool and the CG only had contact with
traditional programming languages such as C, C+ + or Java. These studies have in common the
evaluation of the students’ achievement (success) as dependent variable and a quasi-
experimental design as research method. The data collection instruments (DCI) were of two types:
The Sykes (2007) and Wang, Mei, Lin, Chiu & Lin (2009) studies analyze the variable “success”
from questionnaires and the remaining ones analyze it from the students’ final results in the Pro-
gramming I subject.

The Wang et al (2009) study was implemented among participants that attended high school;
the remaining studies were carried out among students from the first years of college (University).
The number of participants per study range from 21 to 166 and the time span of each study
ranges from 2 months to 4 years.

In the procedures we noticed that only the EG from the Wang et al (2009) and Zhang, Liu and
Pablos (2014) studies used the Alice tool and were not exposed to other programming languages.
In the remaining studies, the Alice tool was used concurrently or before the traditional program-
ming classes. That is, in Cooper, Dann and Pausch (2003), Moskal, Lurie and Cooper (2004),
Sykes (2007) and Johnsgard and McDonald (2008) studies, the EG had the same programming
classes as the CG but was exposed for some additional time to the Alice tool previously or simulta-
neously (depending on the semester). We verified that the Wang et al (2009) study, which also
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Figure 1: Forest plot with selected studies

presented the lowest effect size, is the only one that did not use the Alice tool while learning other
programming language. Besides, Cooper et al (2003), Moskal et al (2004), Sykes (2007) and
Johnsgard and McDonald (2008) studies used the Alice tool beyond the Programming I subject’s
normal schedule or previously to its beginning. From these data it is possible to conclude that in
these studies the EG were exposed to programming for more time, a feature factor that may have
had an impact in the obtained results.

The use of the Alice tool inside the programming curriculum and not merely as a complement
should be analyzed in further research, as we did not find enough studies to understand this
relation.

The weight of each study, the number of participants in the EG and CG, the obtained data from the
confidence intervals at 95%, lower limit (LL) and upper limit (UL) and the standard deviation (ES)
are represented in Table 3. Figure 1 represents the graphic of meta-analysis in the forest plot
format.

From Table 3 it is possible to observe that the Wang et al (2009) study is the heavier in the calcu-
lation of the average effect size and the one that presents the lowest effect size. The Cooper et al
(2003) study presented the highest effect size but the least significant weight, representing only
about 5% of the total sample.

Although there is a large discrepancy in the size of the experimental and CGs between the Sykes
(2007) and Johnsgard and McDonald (2008) studies, the total of participants present in experi-
mental and CGs are very similar.

The weighted combination of the studies resulted in the effect size of 0.54. According to Cohen
(1988) this value is considered intermediate but is not possible to categorize it accurately as it is
dependent on the context in which it is inserted. Hattie (2009) in his meta-analysis works consid-
ers that this value is high in the educational area. Specifically in this case, considering that
around 69% of the individuals from de EG exceed the intermediate result of the CG, we can con-
firm that the use of Alice shows a significant increase in the students’ success in learning how to
program.

From the forest plot we verified that there is a high variability in the Cooper et al (2003), Moskal
et al (2004) and Sykes (2007) studies’ results compared to the remaining, as the confidence inter-
val’s limits of these studies are numerically expressive. Although the minimum limit of the
confidence interval of the Sykes (2007) study presents a great proximity to the value of null effect,
not a single study actually crosses this value. Therefore we can conclude that each study presents
results that are statistically significant.
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The Wang et al (2009) study has the most relevant area in the graphic and therefore the biggest
influence in the calculation of the weight of the final effect size.

According to Borenstein et al (2009), a small number of studies increases the calculus error of the
variance estimate between the studies, standard error and confidence interval, which may cause
false evidence. Hedges and Pigott (2011) also state that the use of studies with small samples
may reduce the potentialities of the application of the random effect model used here. It is there-
fore beneficial to conduct a more detailed analysis of each study here presented than to focus in
the calculated average. For these reasons, the number of studies derived from the systematic
review does not allow us to report a conclusive effect. There is a need to deepen the use of this
tool in programming learning since not all studies are clear in the type of teaching and learning
strategies used in the classroom. We also believe that the differences in exposure time to learning
programming is a weakness of this meta-analysis, particularly in the research developed by
Johnsgard and McDonald (2008), where the “Cohort effect” may have influenced the results.

The number of participants in the six studies were 464 students (241 in EGs and 223 in CGs)
which may be considered as a small sample. We present a comparative analysis between the
studies with the final average of the effect size and of the calculus of heterogeneity so that the
reader has a clearer perspective of the effects that Alice program language has in students’
achievement. However by pointing out that, with this meta-analysis we aimed to provide an in-
depth look at the effects of the Alice programming language in students learning to organize a
new research and to give clues for further researchers.

Heterogeneity test

We used the random effect model as a statistic model in this meta-analysis because we considered
that the effect size of each presented study can vary given the characteristics of the samples, influ-
encing the final value of the effect size (Borenstein et al., 2009). The heterogeneity was calculated
from the excel file provided by Cummings (2012), from the Q and I2 test. The heterogeneity test
presented the Q = 4.81, df = 5, p = 0.44 and 12 = 0.0% data. Therefore we can confirm that the
combination of the studies is homogenous.

Conclusions and future work

We made a systematic literature review and a meta-analysis on the use of the Alice tool as a facil-
itator of learning to program. The need to combine the existing data in order to understand the
real impact of the use of Alice in programming learning created the starting point of this paper.

Through the systematic review of the literature and the meta-analysis we verified that the use of
the tool revealed a positive impact in students’ achievement in the majority of the studies we ana-
lyzed and that the average of the effect size was high, considering that these studies were done in
the field of education. However, the generalization of these results lacks comparative research,
because we suspect that these results may be related to the teaching strategies used during the
learning process of Alice programming language and also to the exposure time to other program-
ming languages. We think that these results are not only due to the unique characteristics of this
programming language. Similarly to what happened with the Logo programming language and
all the huge research effort that was developed during the 1980s and the 1990s, it is possible
that these results derive from the association between the language characteristics and specific
teaching methods (cf. Clements, 1985; De Corte, 1993; Liao & Bright, 1991; Littlefield et al.,
1988; Mayer, 1988; Mendelsohn, Green & Brna, 1990; Pea & Kurland, 1984; Resnick, 1990;
Valcke, 1991). From the available research results we cannot clarify this doubt because the
teaching methods were not analyzed in the papers included in our systematic review of the litera-
ture and meta-analysis.
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Another problem that we found in the literature review was that we came across with several
studies of great potential to be included in the meta-analysis. However, the presented results did
not allow us to calculate the Cohen’s d. In some studies there is a lack of data while in others the
DCIs were not adequate to ascertain learning (they used the counting of programming constructs
or participants’ self-assessment). Furthermore, the studies we analyzed differ considerably in the
length of the treatment, a constraint that will only be overcome with a deeper experimental
work.

In the future, in order to try to overcome some of the weaknesses found in the research conducted
until now, we consider that researchers should use a more rigorous experimental methodology,
with control and EGs, making only variations in the programming language used in each group
and using valid measuring instruments. It will also be necessary to describe, with precision, the
concepts and variables studied and to make a clear and parsimonious description of the adopted
teaching methods. We know that this statement may generate some controversy among certain
researchers who sympathize with other scientific methodologies, in particular among ones who
use qualitative methods. However, we still believe that there is enough scientific room for both
approaches, but we can only determine the effectiveness of a program or a teaching method using
the experimental methodology (cf. Sweller, Aryes & Kalyuga, 2011).

Another relevant data in the studies analyzed consists in the use of the Alice tool as a comple-
ment of the programming curriculum and not as an alternative inside the curriculum of the
Programming I subject. As future work, we intend to analyze in which way the Alice tool may be
adapted to the programming curriculum in high school.

Finally, we point out the fact that the majority of the studies have been developed in a university
environment, although the Alice tool has as target audience the students from high school. It will
be interesting to understand if the use of this software will be more effective in high school or in
university.

The studies presented in our meta-analysis only allow us to preview, with a certain margin of
safety, that the Alice tool will bring positive results in the success of the students in the Program-
ming subject. We plan to develop, during the next school year (2015/2016), an empirical
research with high school students, with the experimental characteristics previously described.
After that, we intend to insert the results of our empirical research in this meta-analysis and
understand to what extent the Alice tool has contributed to the quality and success in program-
ming learning in high school, specifically in the learning of basic concepts, like variables, logical
and arithmetic operators, declarations, control structures and vectors. We also hope that other
researchers in this field will develop experimental research that can be included in a new meta-
analysis.

Statements on open data, ethics and conflict of interest
The data is available through the contact to institutional email or address.

This study was carried out under the ethical guidelines.

We declare have no conflicts of interest with respect to the research, authorship and/or publica-
tion of this work.
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