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Abstract

This study aimed to investigate the effectiveness of using educational games for
learning basic programing skills. For this, we designed the game “Aladdin and his
flying carpet” with all pedagogical consideration in mind. We conducted the experi-
ment with 107 sixth grade pupils with no prior knowledge of programing. The game
was applied at the beginning of the course in a naturalistic classroom environment.
The progress was monitored and evaluated with validated pre- and posttests. The
knowledge gain was observed according to the set of learning objectives from the
general curricula, and minimum knowledge standards were pursued within those.
The result demonstrated that most of the pupils achieved all of the observed learning
objectives. The biggest progress was observed with the “complete a program”
objective. The least progress was observed with the tasks where “create a program”
and “divide a problem” objectives were combined. Strong correlation was found
between the final results of the posttest and the scores from playing the game,
especially with the more challenging “divide a problem” learning objective. Finally,
no significant difference was observed in the results between girls and boys.
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Introduction

Programing is a very useful skill and can be a rewarding career. In recent years,
the demand for programmers has grown rapidly. For this reason, the number of
students interested in the programing skill and the number of introductory pro-
graming courses have also increased. It has become clear that computational
thinking has become one of the basic skills that every young person should
obtain, regardless of their future profession (Fletcher & Lu, 2009).
In Slovenia, the curriculum of the Computer Science Course also includes teach-
ing the programing principles (Ministry of Education, Science and Sport, 2015).
In the school year 2014/2015, it was introduced in the fourth grade as an elective
course. As a consequence, only a few pupils acquire such knowledge in primary
schools. The main challenge is how to attract pupils to take the CS Course and
how to provide pupils access to knowledge, which would enable them to become
creators and designers of technology, and not only the users (UNESCO, 2013).
Therefore, we need motivational tools that would be well suited for the begin-
ners and would provide the most effective learning experience for all pupils. One
of the instruments that we can use is playing the games, which can be very
effective for the novices (Lode, Franchi, & Frederiksen, 2012).

Various reports (THE A-GAMES PROJECT, University of Michigan, 2016,
Wastiau, Kearney, & Berghe, 2009) on using educational games indicate that
they are powerful instruments, which need to be considered. Because of that, we
decided to use educational games to assist the learning of basic programing skills
for the novice programmers. The first challenge was designing a proper educa-
tional game, which can be used for an introduction to programming, based on
the findings of prior research and with pedagogical and contextual consideration
in mind. For this purpose, we created an educational game named ‘““Aladdin and
his flying carpet.” Next, the appropriate application was defined for use in class.
The game was introduced at the beginning of the Computer Science Course in
the sixth grade of primary schools. All the participants were exposed to the same
conditions of the experiment with specified playing time. We were interested in
what learning outcomes can be achieved with playing the game, considering the
chosen learning objectives from the curricula. That would give us a coherent
base for future research in providing a complete introductory course of
Computer Science in primary schools.

The second challenge was designing and validating assessments. The goal was
to use programing language independent valid and reliable assessments (CSTA,
2015). For this, we prepared a series of pre- and posttests with simple tasks. The
construct of a task is composed of pseudocode, which describes the travelled
path of the object on the grid (Jako§ & Lokar, 2015). Validation included
an expert panel review, ‘think-aloud” interviews with pupils and IRT
(Item Response Theory) analysis.

After the design and validation of assessment were discussed, the procedure
was described, which includes collecting the data and setting the metric to define
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minimum standards of knowledge. Finally, the results are analyzed and dis-
cussed. The article concludes with limitations of the research and future work
directions. We could evolve the game further and plan a new extended applica-
tion for use in class, where some sort of ‘“learning momentum’ could be
observed and utilized more effectively.

Literature Review
Computer Programing Learning and Teaching

Current pedagogical theory focuses on pupils’ learning. Therefore, it is import-
ant to address the kinds of mental models pupils have and how those models
change (Winslow, 1996). Effective communication between teacher and pupils is
also important. Robins, Rountree, and Rountree (2002) found from a survey in
an Introductory Programing Course, that the most reliable predictor of students’
success was the expected grade. Most of the important factors lie in motivation,
confidence, and positive emotional responses. Any differences that exist among
pupils can be overcome with finding mutual goals (Sedighian & Sedighian,
1996). Such goals can later be achieved by using attractive learning tools.
Appealing environments need to be built with different design and pedagogical
consideration in mind. Soloway and Spohrer (1989) outline several suggestions
relating the design of learning environments used for teaching novices: the use of
graphical languages with visible control flow, simple, and consistent naming
conventions, graphical animation of program states, and gradual withdrawal
of initial support and restrictions.

Considerable promise has been shown with the use of visual programing
languages, where programing is done with graphical code building blocks,
such as Scratch (MIT Media Lab, 2016). Studies where Scratch was used for
introduction to programing have shown very good results (Meerbaum-Salant,
Armoni, & Ben-Ari, 2010). The same authors have found that students included
in these studies gained some habits that are not recommended for further edu-
cation in programing. These are bottom-up development process starting with
the most basic commands and a tendency to extremely fine-grained programing.
However, the ability they have, to construct quickly even more complex pro-
grams, is more important (Meerbaum-Salant, Armoni, & Ben-Ari, 2011). One of
the key elements of visual programing tools is its instant feedback and inability to
create a syntax error. A study by Cunniff and Taylor (1987) compared the speed
and correctness of responses given by novice programmers who used visual pro-
graming languages, and those who used textual programing languages. On almost
all the tests, the students who used visual programing languages performed better.
In comparison, between the visual programing languages, Scratch, Alice (2015)
and Greenfoot (Programming Education Tools Group, 2015), Scratch is found to
be the most suitable for beginners (Ward & Bell, 2009).
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Using Games to Facilitate Learning

The traditional educational dogma supports the concept of “stealth learning”
where students are encouraged to have fun and learn. Students think they are
merely playing, but they are learning simultaneously (Sharp, 2012). Teachers
introduce learning goals through non-traditional tools, such as games.
Compared with the formative assessment approach, where pupils and teachers
create common learning goals, the stealth learning approach appears to hide its
learning goals. Papert (1998) argues that an approach with concealed learning
purpose is immoral and can hinder the learning experience. According to
Dijkstra (2016), graphical programing environments are misleading and repre-
sent an unacceptable “‘dumbing down” of the process. However, a more relaxed
and familiar learning procedure is often used to shorten the initial learning
curve.

Almost all pupils play digital games or are also engaged in social networks.
They frequently participate in activities where they are rewarded for their dedi-
cation and effort. Consequently, in order to ensure successful learning outcomes,
educators have started to search for mutual learning goals with using immersive
environments and gaming technologies (Felicia, 2009). The aim is that, while
playing games, the players engage to such an extent that they learn the program-
ming concepts stealthily (Lode et al., 2012). This is based on the premise that the
best learning is interactive learning, where each succeeding exercise is a bit more
difficult than pupils’ current level of knowledge (Norving, 2016). The construct-
ivist approach is often used to ensure that learning objectives are achieved. Such
approach prioritizes learning from experience or learning by doing, where pupils
learn by interacting with their environment and peers (Lewis & Williams, 1994).
Pupils can also observe other peers and collaborate to improve their skills. This
involves a process of trial and error and the learners’ ability to interpret their
past and present experience to update their knowledge (Felicia, 2009). Suitably
designed educational computer games may increase intrinsic motivation through
challenges, curiosity, and imagination (Maragos & Grigoriadou, 2007). They
can provide practical examples of concepts and rules that would otherwise be
difficult to illustrate in the real world. In addition, some pupils might prefer
experimenting and learning from their mistakes.

Creators of computer games and educators have joined forces and created
“serious games’ for education, where learning is more important than enter-
tainment (Freitas, 2007). Egenfeldt-Nielsen (2007) comes to the conclusion that
it is not easy to combine the learning goals and fundamental structure of the
game into an interesting plot, in a way that it would keep students intrinsically
motivated to progress in the game. For example, it is easy to lose focus on the
pursued educational goals by putting too much emphasis on the appearance of
the game. Similarly, we may achieve learning objectives but neglect the gaming
features. Consequently, such games have been classified as edutainment
(Egenfeldt-Nielsen, 2015). There are very few studies that would suggest
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which features of games impact learning outcomes the most (Wilson et al.,
2009). Otherwise, the game makers could build game elements with the certain
learning goals, and the teachers could select the appropriate game for achieving
the objectives. Nevertheless, nowadays, it is easier for educators to develop
games thanks to available game engines. They enable them to focus more on
educational features and less on technology. Recently, virtual environments such
as Second Life (Linden Research, 2016) and Opensimulator (2016), have been
used to teach programing skills (Rico, Martinez-Mufioz, Alaman, Camacho, &
Pulido, 2011). Furthermore, these immersive features have been coupled with
Moodle (2016), which enables educators to monitor students’ progress.

In terms of the learning process, digital games can be analyzed through
models such as Carroll’s minimalist theory (1998), Vygotsky’s Zone of
Proximal Development (1978) or Kolb’s basic learning model (Kolb & Fry,
1975). To some extent, the cycle of learning events in digital games can be
compared with Kolb’s learning cycle. First, they experience failure and then
they identify the cause of the failure. Next, they plan the actions that might
overcome the problem and test their new plan.

The observations in the European Schoolnet Report (Wastiau et al.,
2009) indicate that the use of games in the classroom has some benefits. In
practice, teachers observe renewed motivation and progress of certain skills
(social, intellectual, spatio-temporal, etc.). Digital games that include elements
of formative assessment are also studied in the Report (THE A-GAMES
PROJECT, University of Michigan, 2016). Teachers who use games for for-
mative assessment conduct assessment more frequently and report fewer
barriers.

Principles of designing the educational game. Design of the educational game should
be based on the concept of “‘stealth learning” and the theory of constructivism.
The learning content should be wrapped carefully into the game so that the need
of playing is not outshone by the feeling of practicing some abstract and irrele-
vant skill (Lode et al., 2012).

Several authors have identified design principles for creating an appropriate
educational game. Players have to connect with the character they are playing.
Being able to identify with it and having control over its actions creates a strong
feeling of agency (Gee, 2005b). Intrinsic motivation is best achieved when clear
goals are set with some relevance for the player (Sedighian & Sedighian, 1996).
Flow theory can be considered as a universal model of enjoyment. It requires
from game designers to use challenges that are matched with a player’s skill
level. Also, the game must contain a frame story with clear goals, immediate and
unambiguous feedback, a sense of control, playability (Kiili, 2005) (Gee, 2008).
A narrative or fantasy principle provides a mission problem where content and
context have to be balanced carefully in order not to distract pupils from the
learning content (Honey & Hilton, 2011). A young audience is especially less
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forgiving to the shortcomings of a game lacking visual stimuli. Nevertheless, we
have to be careful in employing visual and auditory stimuli together. According
to Zagami (2008), programing languages that are predominantly visual or audi-
tory (but not both) reduce cognitive load. Mixing visual and auditory stimuli can
have a negative effect depending on the complexity of the learning concept and
increase of cognitive load. Nowadays, formative assessment procedures that
teachers conduct during the learning process are considered as one of the
most important classroom practices to support student learning. Typically, it
also involves creating goals together with pupils, making them clear and relevant
for them. Assessment of knowledge is drawn from quantitate feedback, rather
than final scores. Finally, some authors suggest that the game should enable
players to participate in big communities, where players can share strategies,
exchange files, collaborate, compete, advise each other, and o forth and, thereby,
develop shared values (Shaffer, Squire, Halverson, & Gee, 2005).

Learners should be assisted with scaffoldings that are progressively, as pupils
skills grow, less helpful (Gee J, 2005a). This principle offers a short learning
curve, so that players can familiarize themselves gradually with the game’s mech-
anics and become proficient. This also plays an important role in motivation. A
player’s motivation can be triggered by many different factors and might differ
across players. Some player value the graphic and the interface of the game,
some value exploration, some value more complex strategic games, some will
enjoy in more simple linear scenarios that require only a short time to play to
succeed. Therefore, motivation in not controlled by the reward offered for com-
pleting the task successfully, but it depends on the player’s personality (Felicia,
2009). Probably no educational game can be appropriate for all players. We
need to use different types of games and different learning approaches to be
successful in a classroom.

Existing digital games for teaching programming. Several games that could be used for
learning programing exist. Some of them require prior knowledge of specific
programing languages, which may have a negative impact on the beginners’
motivation. Computer games such as Robot Battle- Wikipedia (2016),
Robocode Home (2016), CeeBot (2016), and COLOBOT (2016) require players
to have knowledge of a particular programing language to control their robots.
There are also games such as CODEHERO (Peake, 2016), CodeCombat (2016),
CodeMonkey (2016), and CodeHunt (Microsoft Research, 2016), where players
must enter pieces of code or change the provided code. The series of Blockly
games do not require any prior knowledge of programing language. Players
create programs using visual programing editors, built with the open-source
Blockly library (Google Project, 2016). Its existence has made the creation of
educational games much easier. For example, Blockly library is used in
CodeSpell (MULTI-DIMENSIONAL, 2016), The Frozen (2016b), The Flappy
Code (2016a), and so forth. The same “‘no-prior-knowledge” rule was applied
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when creating a game called Run Marco (Allcancode, Inc., 2016). The game uses
its own built-in visual programing editor and has been translated into twenty
different languages. RoboZZle (Ostrovsky, 2016) and Lightbot (Niato, 2016) are
games, where players try to reach the goal, that is, solve the problem and pro-
gress through levels of difficulty, by adding commands with drag-and-drop user
interface. For example, in the plot of the Lighbot game, the players have to steer
the robot through a certain path and switch on the lights. By limiting the number
of commands, the game encourages them to use the functions for repeated
actions.

RoboZZle and Lightbot also introduce conditionals and recursion to the
players. The conditionals are implemented with colors. For example, in
Lightbot, the command is executed if it is of the same color as the field on
which the robot is currently located. For the introduction of recursion, it is
also possible to call a function within a function. In our opinion, these two
games are the most suitable for learning basic programing skills. Therefore,
some of their principles were included in our solution.

Assessments of Knowledge for Computer Science Education

A study (Computer Science Teachers Association [CSTA; 2015]) released by the
CSTA finds that there is a dearth of valid and reliable assessments for measuring
student learning in Computer Science education. CSTA recommends that valid
and reliable formative and summative assessments are developed for programing
languages beyond Java, such as Python, C#, and so forth. Recommendation
suggests the creation of language-independent assessments, with learning object-
ives in mind, which can also be used by researchers for comparing different
learning methods and environments at the national or international level
(Goldman et al., 2010).

For undergraduate students learning introductory programing with Python,
MATLAB, and Java, Elliott Tew (2010) has designed the most validated First
Computer Science Assessment (FCS1). She developed a multistep process for
validating her exam including the following: Expert panel review, ‘‘think-aloud”
interviews with learners from the target population, IRT analysis and observing
the correlation between results from the FCS1, and results from the final exam.
Miranda Parker continued Elliot’s work and developed the Second CSI1
Assessment (SCS1) as an isomorphic version of the FCSI. She replicated
FCSI in order to release it as the instrument for use by a broader research
community (Parker, Guzdial, & Engleman, 2016).

There are a growing number of projects working toward developing assess-
ments for the blocks-based approach (Weintrop & Wilensky, 2015). A stronger
claim for their validity can be made if scores of these assessments are correlated
with SCS1. We created our own version of language-independent assessments
(Jakos & Lokar, 2015).
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Research Purpose

Most related studies demonstrate that the educational games are beneficial for
learning in general and learning programing in particular. Several researches
have been done on how games affect a player’s deeper engagement and motiv-
ation. However, a few studies suggest which features of games impact learning
outcomes the most. The review of literature also revealed that a little is known
about the relationship between applying the educational game as an introduc-
tion to programing, at the beginning of the course to sixth grade pupils with no
programing background, and the results of an assessment, which was designed
with learning objectives from the curricula in mind. Moreover, most studies on
teaching programing to pupils were conducted in a laboratory-learning envir-
onment and tested groups often have little diversity.

To address the abovementioned limitations, we investigated whether our
proposed application of an educational game is useful for computer programing
language learning and can be supported by “Aladdin and his flying carpet.” The
goal of primary education is that minimal standards of knowledge have to be
reached by all pupils. It would be unrealistic to expect that all the pupils will
meet the minimum requirements only with one learning session. Nevertheless,
our hypothesis was set high and the goal was that at least 95% of the pupils will
meet those standards. In addition, we were interested in any possible correlation
between participants’ progress and their predetermined factors, such as gender,
assessment marks in science subjects and the amount of time they spent playing
entertainment games.

The following research questions were addressed in this study.

-Do pupils playing the game acquire minimal standards of knowledge in relation
to the observed learning goals?
-Do pupils predetermined factors have any impact on the final result?

Method
Participants

A total of 107 sixth grade pupils from three different primary schools partici-
pated in this study. Seven of them were absent in one of the phases carried out
during the study, so we ruled out their results from the final analysis. There were
59 boys and 39 girls. Because all the pupils who attended the class were included
in the study, we did not consider them volunteers. Pupils were divided into nine
groups ranging from 10 to 15 participants. According to primary school curri-
cula, all the participants did not take any Computer Programing Course before
the experiment and were, therefore, considered as novice programmers. There
was no control group. All groups were administered with the same experimental
learning activity and the same pre- and posttests.
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Materials

Educational game Aladdin and his flying carpet. Within the framework of our study,
we have designed an educational game “Aladdin and His Flying Carpet,”” which
can be used as an introduction to learning programing. The aim was to build a
game that would support our proposed application of learning activity. We
chose to use programing concepts with special emphasis on loops and subpro-
grams as inspiration for our game-design. The intention of the game is not only
to drill-and-practice but also to gain new knowledge stealthily as the learner’s
progress through the game.

The game was built in the multiuser virtual world simulator Opensimulator
(2016). The benefits of learning programing in virtual worlds are the possibility
of collaboration while creating programs in shared objects, and fast and visually
rich feedback. Cloud services provided by The Academic and Research Network
of Slovenia Institute (ARNES, 2015) were utilized to host our game. Moving the
main character and interacting with a game environment is similar to any other
MMORPG (Massively Multiplayer Online Role-Playing Game) game. The
players can customize their avatar, save, and import and sell objects, import
images, and alter the environment.

The plot of the game revolves around the story of Aladdin and his flying
carpet. Aladdin is a fictional character, which first appeared in one of the Middle
Eastern folk tales, in The Book of the Thousand Nights and a Night (Aladdin,
Wikipedia, 2016). In 1992, Walt Disney Pictures released an animated feature
movie with Aladdin as the main character. The movie made the Aladdin’s char-
acter very attractive, especially for young pupils. Our educational game borrows
the character of Aladdin, and their Robin Hood way of stealing, as depicted by
the movie.

The main objective of the game is collecting the gold, which is usually pos-
itioned at the top of the tower. Aladdin’s main mode of transport is the flying
carpet. The pupils must develop a path for the flying carpet from the start
position to the gold using a limited number of moves. On the way, several
obstacles (like fire, doors, and bridges) may block the moves or end the game
prematurely. The game consists of four levels with progressing complexity and
an increasing amount of gold. Each level occupies a certain area in the virtual
world and consists of several task sites. The pupils play the game by moving
from one task site to another. When all tasks in the current level are completed
successfully, the player can continue on to the next level. The game remembers
what tasks were already solved and the players can resume the game at later
stage. However, they cannot change the level of difficulty of a particular task.

The flying carpet flies on a route, which is specified by the program, created
by pupils on the control panel. Individual commands are presented with icons.
Figure 1 shows an example of a simple control panel. It contains only the basic
movement commands. The program is assembled on the blank spaces below the
red line. Figure 2 shows a more advanced example, with two control panels.
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Figure 1. Simple control panel.
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Figure 2. Advanced control panel with new icons for Loop, Subprogram call, and
additional board for subprogram.
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Figure 3. Constructed program or created route for carpet on simple control panel.

The first one is used for the main program and the second one for the subpro-
gram. The main panel also includes the commands for more advanced program-
ing concepts, such as a loop and a subprogram call. Loop performs a selected
number of iterations of the next command in the program, which can also be a
subprogram call.

When the program starts, Aladdin sits on the carpet and the carpet follows
the instructions. At the end of the path, the pupil must steer the avatar to stand
up and reach the gold. The example of the initial position is shown in Figure 3,
and the end of task is illustrated in Figure 4. We must also point out that, all
original words in the game are in the Slovene language.

We can categorize Aladdin according to the taxonomy of digital games
(Felicia, 2009). In this game, players impersonate a fictional character through
avatars. A large number of players can interact in the online virtual world. They
can move through an environment and progress to the next levels of difficulty.
They have to finish different tasks by solving puzzles successfully to progress
further in the game. Therefore, the game falls into several different genres at
once (MMORPG, Platformers, and Puzzles). We can also categorize Aladdin
according to the Egenfeldt-Nielsen (2007) model of the three generations of
educational computer games. In the third generation of games, which are
based on the constructivist approach, meaning the player creates knowledge
through experience and interaction with social communities.
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Figure 4. Aladdin collects gold on the top of the tower successfully.

The goal was to build a game with all the contextual and pedagogical con-
cerns in mind. We believe that the game is suitable for pupils from the sixth to
ninth grades of primary schools. The symbols and language used in the game are
adequate for this age-group (Zagami, 2008). Because the game and the players
are in a multiuser virtual world, some actions made by pupils and their avatars
must be prevented with additional rules. For example, avatars can be used
to push other avatars, inappropriate language can be used, features meant
for collaboration can be used for teasing, and so forth. The game includes
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Figure 5. Sandbox area.

a scaffolding area (called a sandbox area) where pupils can learn to associate
symbols on control boards with instructions for moving the carpet. For this,
carpets in the sandbox area leave a trail while traveling, as is shown in Figure 5.
Pupils encounter sandbox areas before they tackle their first task and the out-
come does not affect the final score.

The game uses a short learning curve, allowing players to make mistakes.
Only the correctly solved tasks contribute to the final score. At the beginning of
the game, the tasks are simple, with a short path and a few obstacles on the way
to the gold. The level of difficulty raises gradually to the point, where there is a
long path with many obstacles. The game content was designed to support the
basic programing concepts of loops and subprograms. The progression of the
player is clear but not displayed at all times. The pupils can check only their own
scores to protect players from unwanted effects that might arise from “being left
behind.” The teacher can choose to show all scores to players at any time. The
game simulation environment supports collaboration among participants with
textual chat and voice chat communication features. Players can also form
groups and create programs together, or they can simply observe others while
they tackle the tasks. Sloodle (2016) software was integrated into Learning
Management System Moodle (2016) supports assessment of pupils’ progress.
Debriefing sessions were conducted at each advancement to a new difficulty
level. With debriefings teachers can help pupils make a link between skills
learned in the game and the learning objectives from the curricula. Virtual
boards were created with questions prepared in advance. Questions were taken
from reflection stems (Discover Sensors, 2016) prepared for students when reflect-
ing on their learning. This helped pupils to look back on their experience with the
game and look forward to the possible applications of their newly acquired skills.
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Pupils responded to those questions by typing answers in a chat room. Certain
Sloodle modules were used to link chat functionalities in the game and LMS
(Learning Management System), which enabled teachers to store answers par-
ticipants wrote during debriefings. This link allows implementation of the elem-
ents of formative assessment. Additional virtual boards with help were
positioned at key points and were always available. However, during playing,
help was used rarely and boards seemed redundant. If pupils were wrong at
creating a program for a carpet, they rather just simply tried again. No print
out version was provided to the pupils.

We also performed an informal usability test. The game’s early version was
developed almost 2 years prior to this study. During those 2 years, Aladdin was
used extensively with pupils who attended ICT (Information Communication
Technology) Courses. Early testing was performed with pupils from the eighth
grade. To test the playability and intuitiveness of the game rules, the pupils were
given no instructions on how to play the game. There were some attempts to
break the game and perform undesired actions. Two main issues were identified.
The first, pupils had found a way that allowed them to reach the gold without
putting in the effort of creating a program for the carpet. The second, initially,
there were not enough task sites to accommodate pupils playing concurrently.
All issues were recorded and corrected.

We also asked the pupils who participated in testing to complete a short
survey. We wanted to know if user game experience was convincing enough
and did the pupils recognize our game and the virtual world as one of the
entertainment games they usually play? Most of the pupils saw a strong resem-
blance between the virtual world experience and the entertainment games they
play. However, the resemblance between our game and other games was not so
convincing. There were two main reasons for that. Our game is not as sophis-
ticated as the games they usually play, and the choice for playing them was made
by teachers and not by themselves.

Assessments of knowledge. We created isomorphic copies of pre- and posttests. The
only differences between them were various versions of tasks. Both tests started
with the three pre-solved examples. The following tasks were divided into three
different categories according to the minimal knowledge standard listed later.
Pupils engaged with tasks where they had to complete, debug, or create the
program. Each category contained four tasks with gradually increasing
difficulty.
We have chosen to observe the next learning goals:

e The pupils acquire the ability to select the most efficient way to solve the
problem.

e The pupils are able to follow instructions in the program.

e The pupils are able to identify and correct errors in the program.
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e The pupils understand the concept of a loops and are able to use them to
solve the problem.
e The pupils can divide the problem into sub problems.

Based on these goals, the curriculum defines minimal knowledge standards:

The pupils complete a simple program (COP).

The pupils create a simple program without loops (CRP).
The pupils debug a simple program (DEP).

The pupils divide a problem into smaller problems (DIP).

The last knowledge standard is more cognitively demanding and requires the
pupil to recognize a repeating pattern in the problem. To be able to solve such
tasks successfully, the pupils would have to understand the concepts of loops
and subprograms.

Tests were designed according to the combination of revised Bloom and
SOLO taxonomies proposed by Meerbaum-Salant et al. (2010). However,
only a subset of taxonomy categories was relevant to our study. From the
Bloom taxonomy, we selected the “Applying” and “Creating” categories.
“Applying” is interpreted as the ability to read, understand, and compare the
code against the object’s trail on the grid. “Creating’ is interpreted as the ability
to complete, debug and, ultimately, plan and create programs based on object’s
trail and location in the grid. From the SOLO taxonomy, we used the
“Unistructural,” “Multistructural,” and ““Relational” categories. According to
our interpretation, ““Unistructural’” means that the participants could complete,
debug, or create a program with only one programing concept present.
“Multistructural” means that they can complete, debug, or create a program
with more than one programing concept present. Finally, “Relational” means
that several programing concepts operate in relation with each other.

The basic construct of all tasks in the tests is based on a well-recognized
concept used for learning basic programing skills. It consists of an object travel-
ling on a path defined by the program. While travelling, the object leaves a trail,
which makes the following of program instructions much easier. A similar
approach was first used in the educational programing language Logo
(Bobrow, Feurzeig, Papert, & Solomon 2016) with its turtle graphic. Each
task consists of an object on a rectangular grid and a program written in a
simple pseudocode. The instructions are composed of a traveling direction
with the number of squares an object has to travel. An example of the task is
shown in Figure 6. The red square refers to the starting point of the object. The
gray squares outline the trail left behind the object. The blue square represents
the object end, also the position of the object at the end of the path. Participants
need to complete, debug, or create the program by observing the object’s trail on
the grid.
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Program

program travelledPath
repeat 2-times
] go forward 4 squares
go right 2 =squares

Object
Start
B | Travelled path

Figure 6. Task set — complete the program.

An effort was made to ensure that tasks from the game and tasks from the test
have some similarities. They both use grids and programs to control object
motion. The icon-based instructions in the game are slightly different from the
pseudocode used in the tests. The transition would have a minor effect on the
pupil’s transfer of knowledge. We did not expect pupils to have problems under-
standing the construct of tasks, even though they tackle them for the first time.
We also wanted to eliminate any prerequisites necessary for the pupils to solve
the tests. For example, objects’ trails are short to avoid counting mistakes.
Furthermore, no coordinate system was used because this concept is introduced
in the eighth grade. Instead, grids with big cells are used to define an objects
location easily. In addition, we have created thorough instructions for solving
the test, and every task is provided with the legend.

To be sure that assessments are measuring the desired gained knowledge, we
validated tests with Elliott Taw’s (2010) established methodology. First, content
validity was established by expert panel review. Tasks were reviewed by experts
who also participated in creating national curricula. They confirmed that each
task is associated properly with the observed learning objectives. Next, think-
aloud interviews were carried out with four pupils from our target population.
They allowed us to investigate their reasoning while they were solving tasks. We
were focused on whether the construct of tasks is understandable and if some-
thing unexpected could cause them to answer incorrectly. No significant flaws
were discovered other than some typos. After the tests, we also did an IRT
analysis, which was used to provide empirical evaluation of the questions’ quality.
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We also wanted to evaluate the correlation between the scores from existing
validated tests and posttests. Miranda Parker provided SCS1, but the questions
were too difficult for the target population and not in sync with the observed
objectives. We were unable to find other already validated assessment suitable
for our study.

Experimental Procedures

It took a lot of effort to organize experiment activities because they were all
carried out based on regular schedules of different schools. We had to find
courses with groups consisting of less than 15 participants and allocate them
in some sort of experiment schedule. This was additionally difficult because the
same teacher was assigned to all the groups. Finally, we organized experiment
activities in three phases during 2 months — 2 weeks for Phases 1 and 3, and 1
month for Phase 2. During Phase 1, all the groups would have to solve pretests.
The activity took one school hour (45 minutes) for each group. In Phase 2, the
pupils were engaging in the game. It took approximately three school hours
(135 minutes) for pupils to complete the game. The duration of Phase 2 was
determined by earlier experiments with the previous game releases. During
Phase 3, the pupils were solving posttests. This activity also took one school
hour (45 minutes) for each group.

Activities in Phases 1 and 3 started with reading the instructions for solving
tasks out loud to the whole group and reviewing three presolved examples. The
rest of the time was devoted to solving tasks. A simple scoring scheme was used
for the evaluation of the pre- and posttests. Each successfully solved task was
worth one point. Zero points were given for empty or incorrectly solved tasks.

According to the assessment of knowledge described earlier, we set the metric
to measure minimal standard knowledge as follows:

1. The pupil must solve one question from each category of tasks successfully.
2. In addition, the pupil must solve successfully at least one question with the
DIP objective.

Phase 2 also started with short instructions for playing the game. Next, pupils
were given time to transform their avatar as they wished and to familiarize with
commands in the game environment. Then, participants created their first pro-
gram in the sandbox area. The first debriefing was carried out after that. Next,
pupils started solving the actual tasks. When most of pupils in the group entered
a new difficulty level, the playing was paused and a new debriefing was initiated.

The data were gathered and processed with Microsoft Excel (2016) and the
“R” software environment (2016). jMetrik (Meyer, 2016) was used for IRT
analysis.
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Figure 7. Frequencies of the correct answers in the pretest.

Results and Discussion

The scores undoubtedly show progress of knowledge and the benefits of the
proposed application of the educational game. Paired-samples ¢ test was con-
ducted to compare participants’ scores between the pretest and posttest. There
was a significant difference in the scores for pretest (M =3.07, SD =1.43) and
posttest (M =8.79, SD=2.22); (1(99)=30.77, p <.001). In this and all other
statistical tests, we used a confidence factor of 0.95. Figure 7 shows the frequen-
cies of the correct answers in the pretest. Figure 8 shows the frequencies of the
correct answers in the posttest.

Tasks 1, 4, 7, and 10 are related to the COP objective. Tasks 2, 5, 8, and 11 are
related to the CRP objective. Tasks 3, 6, 9, and 12 are related to the DEP
objective. In addition, Tasks 4, 5, 10, 11, and 12 require the pupils to achieve
the DIP objective.

The first three tasks in the pretest were simple enough to allow more than
70% of pupils to solve them intuitively. They also did not include any of the
complex programing concepts and are deliberately meant to be easy. These
results show that pupils did not have problems with understanding the construct
of the task. A few pupils also solved correctly some of even more difficult tasks
in the pretest, which was not expected. We assume that the reason for that is the
pseudocode used in the construct of the task, which is simple enough even for
novices. Nevertheless, results also indicate that none of the participants had any
prior knowledge of programing skills.

Almost all pupils answered the simplest questions correctly in the posttest.
They were less successful with tasks 5, 6, 9, and 11. Tasks 5 and 11 had DIP and
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Figure 8. Frequencies of the correct answers in the posttest.

Table I. Item Response Theory Classifications of Our Tasks.

Difficulty (0%—100%)

Hard Moderate Easy
(09%—-50%) (50%—85%) (85%—100%) Total
Discrimination
Poor (<0.1) 2 | item
Fair (0.1-0.3) I 1,3, 4 4 items
Good (>0.3) 5 12 6,9, 10 7,8 7 items
Total 3 items 3 items 6 items 12 items

CRP objectives combined, which evidently makes it more demanding. Tasks 6
and 9 did not include a DIP objective but probably caused confusion with some
pupils. In Task 6, they were puzzled by the possibility of the object traveling
across marked cells more than once. In Task 9, the starting point was positioned
higher on the grid than the finish of the path. Some pupils were confused by that,
which made their objects travel in the wrong direction.

Difficulty and discrimination of the tasks was evaluated with IRT analysis.
Difficulty measures the percentage of pupils that solved a given task correctly.
Discrimination measures how well a given correctly solved task predicts the
overall pupil’s performance. The results are shown in Table 1. We used
Miranda Parkers et al. (2016) classifications. Almost all tasks have predominant
fair and good discrimination. However, some tasks have a level of difficulty
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lower than expected. Nevertheless, the assessment shows evidence of validity and
is suitable for the varying ability levels of the participants in the experiment.

According to our metric, 25% of the pupils have met the minimum standards
on the pretest and after the experiment, 96% of the pupils have met them on
posttest. The reasons why 4% of pupils failed to achieve a set goal are difficult to
analyze. Their results in the posttest do not correlate with the scores reached in
the Aladdin game or with their assessment marks in science subjects. The causes
for that might be found in the live course environment where all sources of
disruptions were impossible to predict. In some cases, the local teacher would
distract pupils, making them feel less willing to solve tests. Two groups, with
that issue, achieved a below average mean (M =7.45, M =7.5). To see if this had
any impact on the results, a one-way ANOVA was contacted on the partici-
pant’s posttest of each group. The analysis of variance showed that there was no
significant difference in scores between groups, F(8, 91) =1.23, p =.28. The most
possible cause for the failure was that we were not successful in motivating all
participants to engage fully in solving tasks in the posttest.

Further, we analyzed the progress of knowledge based on learning objectives
from the curricula, which is shown in Figure 9. The average number of success-
fully solved tasks for each category was used for analysis. The scores obtained
from tasks with DIP objective were normalized because the number of tasks was
greater than the number of tasks in the other categories. The biggest progress
was observed in tasks with COP and DEP objectives. Less progress is visible in
tasks with CRP and DIP objectives. Tasks where those two objectives combined
had caused the greatest cognitive demand. In these tasks, the program has to be
written from the scratch, a repeating pattern has to be found in the problem, and
loops and subprograms have to be used.

Pearson’s correlation was measured between the scores of the posttest with
several preconditioned factors. Based on the results, pretest scores are in weak
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Figure 9. Progress of knowledge according to learning objectives.
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correlation with posttest scores (r=.55, p < .01). Posttest scores are also in weak
correlation with the pupils’ grade in Mathematics (r=.52, p <.01) and Natural
Sciences (r=.43, p < .01). The posttest scores are uncorrelated with the amount
of time the pupils spent playing with the entertainment games (r=.01124,
p=.09116). However, the posttest scores are correlated strongly with
the scores achieved in the Aladdin game (r=.82, p<.01). That outcome
shows that the solving the problems in the game has significant impact on the
knowledge acquired. To elaborate this, we also observed the correlation between
the results of the game with the scores of posttest for each learning objective.
The strongest correlation was found with the DIP objective (r=.75, p <.01).
This link between educational game and DIP objective is very promising.
It could suggest that with appropriate application of an educational game,
certain more demanding learning objectives can be met at the beginning of the
Course.

We also observed from the gender perspective. An independent-samples ¢ test
was conducted to compare average score of boys and girls. There was insignifi-
cant difference in the average scores on the posttest for boys (M =9.05,
SD=2.15) and the girls (M=8.63, SD=2.34); (¢(99)=.47, p=.64).
According to the results, we can assume that the Aladdin game is equally suit-
able for both ganders.

The results of the experiment showed that achieving even more demanding
standards of observed learning objectives with the proposed application of edu-
cational games is possible. In this way, teachers are able to plan pupils’ learning
experience better. We believe that knowing the reason and purpose for using
educational games and when to stop using them is very important because it can
maximize games’ learning benefits. Educational games should be used at inter-
vals and only for a short period of time. Each period should consist primarily of
problems with fundamental programing concepts and cognitive, more demand-
ing ones at the end. An extended application of educational games would also
build some kind of “learning momentum,” which would be strong enough to
maintain a pupil’s interest in programing even though they tackle more difficult
problems. The “learning momentum” could be utilized to bring learning experi-
ence from the game to other programing environments. The cycle could be used
several times during the course in order to “feed the learning momentum.” It is
also possible to continue learning activities in a game simulation environment.
Blockly library could be used instead of control panels (Google Project, 2015).
Later, Scratch4opensim (Rossenbaum, 2016) and C# could be used to manipu-
late with objects in the virtual world.

Conclusion

This study was set out to evaluate the effectiveness of the educational game
“Aladdin and his flying carpet” in the Introductory Computer Science
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Course, which was designed based on other research findings and built with all
contextual and pedagogical consideration in mind. This study provides us with
an example of a successfully implemented educational game and its assessment
of knowledge based on observed learning objectives from curricula in the sixth
grade of primary schools.

The major findings of this study are summarized as follows. Pupils (96%)
have successfully reached a minimum standard of knowledge just by playing the
educational game. The biggest progress is noticeable with the “‘complete a pro-
gram’ objective and the smallest with the “‘create a program” objective. The
least successfully solved tasks were the ones where the “‘create a program’ and
“divide a problem” objectives were joined. The differences between pupils at the
beginning of the study, which are derived from their assessment marks in science
subjects and their time spent with playing entertainment games, were balanced
out. The progress was visible with all the participants and was correlated
strongly with the results achieved in playing the game. The strongest correlation
was found between the scores of the game and the ““divide a problem” learning
objective, which also invites more research. Another notable finding was that the
boys were only slightly more successful than the girls and the difference in results
is statistically insignificant.

Based on the findings, the study also proposes an extended application for use
in class, which will be the topic of future work. Besides for learning fundamental
programing concepts, the educational games can be also used for more demand-
ing objectives. We hypothesize that playing the proper educational games would
also generate some kind of ‘“learning momentum,” which would be strong
enough to allow teachers to switch learning environments, where additionally
more challenging problems could be addressed. The cycle, where games and
other learning environments are to be switched, can be used several times in
the Course allowing momentum to gain strength. If the teaching methods of the
whole cycle were to be designed according to the constructivist learning theory
where pupils learn by interacting with their environment and peers, learning
momentum could be measured with number, content or significands of commu-
nications between participants.

There are some other considerations of the research that we will pursue in
the future. The usability test could be augmented with appropriate methods
that would allow us to locate possible weak spots. We would compare scores
from the pre- and posttests with other already validated assessments. We would
introduce the interviews and questionnaires to measure the level of motivation.
In the experiment, we perused only the minimal learning objectives. More
demanding standards of knowledge can be observed with the evaluation.
Furthermore, the transfer of knowledge from the icon-based programing used
in the game to the pseudocode syntax used in pre- and posttests could also be
measured.
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