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Abstract—Children’s interest in playing popular video games could be
utilized for learning and educational purposes. The entertaining and interactive
learning environments of digital games can facilitate the learning of a variety of
challenging subjects. This paper presents the Creative Programmer, which is a
Minecraft modification (Mod) that takes an advantage of the popularity of Mine-
craft game among children to teach them basic computer programming concepts.
This mod targets children aged between (5—15). The effectiveness of this Mod
was tested using a pre and post quizzes. The results indicate that children who
did not have any previous knowledge of programming answered most of the test
questions correctly, while the performance level of children who were familiar
with programming improved in the post-quiz compared to the pre-quiz. More-
over, it has been observed that the familiarity of the Minecraft environment made
learning more enjoyable and enhanced the knowledge gaining process.

Keywords—game-based learning, Minecraft, programming, e-learning

1 Introduction

The introduction of new technologies in our daily activities, has led to a dramatic rise
in the number of children who are possess devices and have direct access to the Internet
[1]. As a result, the new generation has become more involved in many online activ-
ities, including playing video games both online and offline, watching YouTube, and
participating in social media networks. Video games attracts millions of children and
have become an ubiquitous part of their lives. This phenomenon involves many games
such as Fortnite [2], Angry Birds [3], Pokemon [4], and Minecraft [5]. In addition to the
time children spend enjoying these games, the way of playing some of these games can
improve their cognitive and mental skills that are required in the 21st century such as
problem-solving and creativity [6—8]. Moreover, multiplayer games enhance children’s
emotion regulation, relationship-building abilities, and cooperation [9]. Children spent
considerable time playing digital games, for example, children in Saudi Arabia spend
an average of four hours daily playing video games [10].
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The growing acceptance of these games and the considerable time spent playing
them, attracted educator’s attention to take advantage of these games for learning pur-
poses. One of these popular games is Minecraft [5]. Minecraft is considered one of
the most popular open-ended virtual games for children aged between 6—13 years old.
It does not have a standard way of playing. However, it allows players to customize
their world and create anything they can imagine which encourage their creativity.
The use of Minecraft for learning was investigated by previous studies for differ-
ent subjects. For example, it was used to teach mathematics concepts [11], artificial
intelligence algorithms [12], and computer programming [13]. These studies proved
the effectiveness of using Minecraft for education. However, most of them used it as a
supportive tool for the traditional class learning to ensure the concepts are understood
well or as an assessment method. Moreover, not all of them targeted children.

Therefore, this research aims to utilize children’s energy, interest, and time in play-
ing Minecraft to teach them basic programming concepts. In this paper, Minecraft
modification which is also known as (Mod) is developed to serve as a stand-alone
educational tool and is named as the Creative Programmer. The Mod takes advantage of
the advanced levels that children reached in playing Minecraft to learn computational
thinking and related skills. This Mod is then tested by seven children within the games
age range to evaluate its effectiveness. The rest of the paper continues as follows.
Section 2 presents background about gamification, game-based learning and other
related concepts, as well as briefly describing some recent related works. Section 3 dis-
cusses the related studies in the literature. Section 4 provides detailed description about
The Creative Programmer Mod. Section 5 demonstrates the testing for the proposed
Mod and discusses the results. Finally, section 6 and 7 conclude this work by presenting
conclusion, limitations and recommendations for future work.

2 Background

This section presents an overview of gamification and the role it plays in education.
Then, it provides a brief description of Minecraft game. The section also highlights
the importance of learning programming for children as well. It also explores recent
research studies that used Minecraft as a tool to enhance the learning process.

2.1  Gamification and game-based learning

Gamification tends to have various definitions based on the context perspective,
generally, it is described as the process of adopting game dynamics and mechanics in
achieving a goal outside the gaming context [14]. Gamification attracts the interest of
people from different domains and acquires increasing attention from researchers in
both practice and academic fields. That is due to its effectiveness in increasing the level
and quality of user engagement [15], boosting interactivity and competitivity among
users, and improve the content’s usefulness by adopting entertainment [16].

Gamification has many applications in almost every domain, such as health, mar-
keting, and education. In terms of education, teachers are continuously pursuing to
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enhance student’s engagement in the learning process and improve their academic
performance by creating an interactive learning environment [17]. Game-based learning
and gamification share using game mechanics and dynamics outside the gaming con-
text. However, the first is about designing the learning activities for primary purposes
like conveying concepts and acquiring skills in a game-like framework. On the other
hand, gamification is more about increasing the participation and boosting competition
by applying game elements [16, 18].

Many studies over the years were conducted to explore the effects of adopting gam-
ification and game-based learning in the learning process and define the conditions,
features and models that can maximize the effectiveness of this adoption [19]. Overall,
those studies resulted in clarifying that gamifying the educational process contributes
to increasing student’s involvement in learning activities, promoting the interaction,
boosting their motivation for learning, embracing the challenge incentive and guiding
them towards better academic achievements, besides enhancing decision-making and
thinking skills [20]; [21]; [22]; [23]. In this paper, the work falls under game-based
learning as it aims to design learning activities in Minecraft game where children can
play and learn at the same time.

2.2 Teaching computer programming skills to young children

Programming and computational thinking have become important skills to be taught
for children [24]. Many studies approved that children have the ability to learn how to
program at an early age, this gives them skills including collaboration, logical thinking
and problem-solving in a fun and useful way [25, 26]. Many games have been devel-
oped to teach children those vital skills in entertaining ways, some of them are focused
on teaching children program thinking, for example, Move the turtle [27], while oth-
ers focus on teaching programming commands such as Scratch (Scratch, n.d.). The
research presented in [28] argues that children should learn how to create their own
programs and become digital innovators rather than being only consumers of whatever
software that is available in the market. It introduces The Little Programmer, which
is an application for mobile devices that introduces the basic programming concepts
to Arab children aged (8—12) years. It introduces the new concepts through animated
videos and let learners later test their knowledge through game-like quizzes. User tri-
als results showed that the application was helpful and allowed its users to identify
the concepts of computer programming. In addition, it showed that linking difficult or
newer concepts to familiar entities and objects through visualization can have a positive
impact on the learning.

The research presented in [29] believed that children can learn logic and program-
ming concept at an early age even if they were not yet able to read. So, they had pre-
sented PiktoMir, which is a software available in Android and Google play with textless
environment that supports teaching programming concepts for children at an early age
without the need of reading and writing skills. It basically introduces a robot, whose
behavior is controlled by the player by using several commands such as forward, loops,
conditions etc. The results of the test showed that the game can be considered as one
of the ways to support teaching programming concepts to preschoolers. Also, based on
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the teachers’ observation, most of the children found it fun to play with the robot which
provides a positive impact on the educational environment.

Another study [25] examined the use of ScratchJr to develop programming concepts
and computational thinking in preschool children. It conducts an experiment on 43
preschoolers from both genders, that aims to measure children’s’ ability to create a
complex project using ScratchJr blocks. Before preschoolers make a project, research-
ers first teach them how to play Scratchlr by providing basic tutorials. The results indi-
cate that Scratchlr has proven its efficiency to teach preschool children programming
concepts. Moreover, it found that preschoolers’ gender has no effect on learning such
concepts.

Many efforts in this area came from the video game industry, as many games
have been developed to teach children programming skills. Examples include Box
Island [30], Kodable [31], CODESPARK [32], CodeCombat [33] and Scratchlr [34],
to name but few.

The results of the analysis of these industrial games show that the majority of them
have been designed to be played in a standard way. This means players cannot interact
with the games in their own ways. While in the Creative Programmer mod children
are free to use their imagination in the way they play, they are also able to do other
activities they are interested in, within the same mod, thanks to the nature of Minecratft.
Hence, this will enhance their creative thinking skills, ensure enjoyment in learning via
the game and reduce boredom of educational games.

All five of the mentioned industrial games are stand-alone games, children have
to install them particularly for learning proposes. While Minecraft being a part of a
popular game, children will be encouraged to get involved in the mod, since they are
not restricted to play this mod only. They can move between several mods and enjoy
playing in their preferred and usual way.

2.3 Minecraft

Original Minecraft: Minecraft [5] is a java-based sandbox game having an open-
ended virtual world. It can be played using different platforms including Mac, Windows,
Androids, IOS and PlayStation. However, there is no standard way of playing this
game, in fact, it depends on the player’s creativity. This means players have to explore
the land by themselves and utilize its resources (e.g., box, trees) for their own purposes.
Moreover, the playing style will be affected by Minecraft mods. Several mods exist in
Minecraft, Creativity and Survival mods are an example of main mods developed in
this game.

e Survival mod: players’ main aim in this mod is to survive. Therefore, they must
search and collect food, defense and housing resources. Otherwise, they could die
from hunger, environmental damages or even attacks.

e Creativity mod: unlike Survival mod, players in this mod will not face any threats to
their survival. They can use their imagination with an unlimited number of resources
to build or destroy structures, in addition to their ability to fly.
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Minecraft allows players to design and develop their own mod. They can release
it to the public, so it can be accessed by everyone. However, there are different
third-party tools and languages that can be used in mod development such as Java and
Makecode [35].

Minecraft: education edition: In order to improve the learning process and make it
more enjoyable for children, Minecraft company launched a special edition that targets
the classroom community including teachers and students [36]. The education edition
provided many features that support the educational experience such as Classroom
Mode and Code Builder. The former enables teachers to monitor students’ activities
within the game whereas the latter helps the student in learning code skills. Regardless
of all the benefits from this edition, children are not able to use it unless they become
a part of an official institution that has Minecraft education edition license. Therefore,
this paper proposed a solution that provides education within the original version of
the game.

3 Related studies

The use of Minecraft in education has recently become an interesting research point,
therefore, different studies have been conducted to utilize Minecraft in improving
learning outcomes of school courses. It has been adapted in a number of schools in
different countries; including American, Swedish and Canadian schools [37].

To increase children’s awareness of modern computer science, research in [12]
explores how Minecraft could be used in teaching Artificial Intelligence (Al) in a ten-
week course. The aim of this study is to make the student aware of the production con-
sequences regarding time and speed while designing and implementing Al algorithms.
For this purpose, students were asked to implement their own algorithms through
developing Minecraft Mods. By the end of this course, Minecraft proved it effective-
ness for the Al course. In terms of math, another Minecraft mod was developed to serve
mathematics [11]. Students in this mod have to work cooperatively to pass all the game
levels which are Castle, Pyramid, and Rook. Players also have to kill zombies in order
to produce numbers. Each level in the game has different learning outcomes such as
using mathematical operations, learning how to order numbers and encourage students
to cooperate to overcome difficulties. Another study [38]. examined the spatial geom-
etry, which is a topic in mathematics that can be taught in the virtual world by using
Minecraft. The study includes two classes; students in first class transfer the objects
that they have drawn from the plane to space. While the other class let students scale
some objects using Minecraft, where the students could see how the scaling in three
dimensions can affect the spatial geometry. The results of the study show that Minecraft
is a very effective and useful tool that could be used in teaching and learning mathe-
matics. Likewise, a game-based Japanese course Kotoba Miners was developed for
the purpose of teaching a foreign language [39]. It employs Minecraft mods to achieve
lessons-defined objectives such as exposing new vocabulary meanings, cooperatively
forming questions, conditionals, and sentences. In addition to learning the proper usage
of verb tenses and prepositions. It gets positive feedback because it provides actual
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learning content in a more holistic, interactional, and enjoyable environment. Another
study [13] conducted to improve the understanding of programming concepts by the
non-programmer, through developing CodeBlock which is a mod within Minecraft. It
is a virtual robot that players can control by dragging blocks that show programming
commands (e.g. Forward, Backward, Turn Right, Destroy, etc.). These blocks represent
instructions for the robot to follow. They found most participants were interested and
enjoyed it when the robot was performing the command.

To sum up, the effectiveness of involving Minecraft in school courses to facilitate
and enhance the learning process has been proved by the examined studies, regardless
of the course content. However, in three of these studies [12]; [38]; [39], students will
gain the educational concepts from the traditional classroom learning, and the mod acts
only as a supportive tool to ensure the concepts are well understood or as an assess-
ment method. Table 1 summarizes these studies in terms of publication year, publishing
journal, the studied field and determines if it includes developing a special mod or not.

Table 1. Summarization of conducted researches about using Minecraft as an educational tool

Source Year Publisher Field Minecraft Mod
[38] 2017 | IEEE Xplore Spatial Geometry X
[39] 2015 | Peachpit Press Japanese Language v
[11] 2014 | Research Gate Mathematics Concepts v
[13] 2013 | Semantic Scholar | Computer Programming v
[12] 2012 | IEEE Xplore Artificial Intelligence v
Algorithms

Regarding using Minecraft for teaching programming [13] proved its effectiveness
in improving the understandability of programming concepts through controlling robot
movements or solving the puzzles. CodeBlocks is directed towards non-programmers
in general and not specifically for children, and it focuses only on the sequencing
concept. However, the proposed mod targets children and is based on animations and
original Minecraft game activities, which make it suitable even for children who are
non-readers’. In addition, it includes more programming concepts like data types, algo-
rithms, loops, etc.

4 The Creative Programmer Mod

This paper presents Creative Programmer Mod, which is an educational tool tar-
geting children aged (5-15) years based on a conducted questionnaire that will be
described in (Sect. 4.1). The mod is designed to achieve several objectives, which are to
utilize children’s playing time in learning by assuring that the academic performance of
children is improving while playing. The Mod facilitates the understanding of the com-
plicated concepts of programming. Moreover, it takes advantage of children’s familiar-
ity of Minecraft game including its environment and playing rules to teach them new
technical skills while they are having enjoyable time.
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4.1 Data gathering

A survey was conducted to understand the user need and preferences of using the
proposed Mod. The survey was composed of seven questions that targeted the parents
who have children playing Minecraft, with some questions to be answered on behalf
of their children (For Survey Questions See Appendix A). The aim of using this
questionnaire is to: (a) investigate how children interact with games in general; (b)
know their preferences when playing Minecraft game; (c) explore their background
in playing programming games and the benefits they gained from it. The survey was
spread online, and the study sample chosen using snowball sampling, which is one of
the non-probability sampling techniques. The sample was collected by firstly sharing the
survey link with surrounding parents who have children in the targeted age range, which
is between 5 and 15 years old, then those parents were asked to share that link with
other parents in their social environment. The survey ended up receiving 87 responses.
About 13.8% of investigated children were aged between 5-7, while 42.5% and 43.7%
of them aged 8-10 and 11-15 respectively. In first section, parents were asked about
how often their children play Minecraft, 48.3% of parents stated that their children
played Minecraft most often (see Figure 1). Another question was posted in order to
obtain the preferable way of interaction with games. 51.7% of children using textual
instructions and animation in dual, while 42.5% preferred to interact with pictures and
animated elements only.

mAlways ®usually mSometimes mNever

Fig. 1. Time spends playing Minecraft

Then, two questions were designed to define the children’s preferences when playing
Minecraft, regarding the mod type and their preferred activity. The results show that
around half of children (53.8%) are willing to play in both survival and creativity mods.
Regarding the playing activities — 42.3% of players like to build creative structures,
38.5% of them love both building, farming and caring of plants activities.
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While the last two sections contained an open-ended question about the programming
game. Regarding children’s experience with programming-related games, 78% of
sample children had not tried any programming-related games before (see Figure 2).
Children who had tried such games enjoyed and had a good experience, while some
benefited from that by developing their skills. A great example of this is that there is a
child who started to provide services for the public using his own server and financially
benefited from that, and another one started to program for other games

BmYes mNo

Fig. 2. Knowledge of children in programming-related games

Moreover, parents were asked about their opinion on introducing learning elements
in popular games such as Minecraft, Fortnite, etc. Although Answers varied between
supporters and opponents, there are more supporters than opponents; they think it is a
good idea to use the children’s time spent on these games into acquiring knowledge
and benefits. Some of them see it as a good opportunity that leads to faster delivery of
information, others believe that we are in a digital generation and there is a real need
for learning computational skills. On the other hand, opponents justified their opinions
by sharing their concerns about the amount of time the children will spend on the game.

After gathering the data, the requirements for developing a child-friendly mod were
determined. The Creative Programmer Mod combines the usage of animation and sim-
ple textual commands keeping in mind the childrens’ preferred activities on Minecraft.
Creative Programmer targets children aged between 5 and 15 years, and as most of
the children have no experience in programming, Creative Programmer will start from
fundamental concepts and pave the way for advancement.
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4.2  Programming approach

Teaching new concepts to children is a crucial, complex, and time-consuming
process. Teaching beginner’s computer programming is one example of such difficul-
ties. It requires a well-defined approach to be followed in order to achieve desired
outcomes in a reasonable time. The approach being followed in this research for the
Creative Programmer mod is Top-Down Approach (TDA). Since some children are
not proficient and skilled in programming concepts while others had never learned it,
TDA approach has been chosen due to the shorter time it requires to gain programming
knowledge comparing to other approaches such as Bottom-Up Approach (BUA) [40].
Also, it starts by introducing the abstracted programming concepts and emphasizing
their usage by samples then going into implementation details [40].

4.3  Mod design

In this Mod, there are three independent tasks including variables’ data types, loops
and programming commands from which a child can choose what to play first. In addi-
tion, another conditional task — if-then is implicit in each of the three independent
tasks. Each task achieves one or more programming objective which is based on two
programming books [41] and [42]. The workflow of the Creative Programmer Mod is
presented in Figure 3.

All the tasks fulfill the logic and conditional (if-then) concepts. The latter is consid-
ered one of the essentials and the most used programming concept in children’s games
[39]. However, the understanding of these concepts is achieved when a child knows
why things happen in a certain way, like if the child does action ‘X’, then he/she knows
that outcome Y’ will happen.

The first task was designed for all targeted ages, and it fulfills the variables concept,
which stores a value assigned to it without any form of calculation. The variables in this
task are represented by two different boxes, one of them is named” Display ‘X’ animal”
which act as a string data type where ‘x’ is the animal’s name. While the second box is
named” Display ‘x’ animal ‘n’ times” which represent integer data type where ‘n’ is the
number of ‘x” animal. Integer and String data types were chosen because they are one of
the basics data types [43] and can be clearly distinguished using animations. The player
will be asked to destroy one of the boxes, and the output will be based on the box name,
which reflects the instruction that will be performed.
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Fig. 3. Creative programmer workflow diagram

The second task targets only children who are seven years and older since they will be
asked to write commands. It meets the algorithms concept which is a set of instructions
that enable computers and humans to do a specific task, in addition to the programming
concept in which the instructions are given in a written form. This task will be done
with the help of Minecraft Agent [44] which is a mob (living mobile game entity) that
will be programmed to execute given instructions. The term mob in Minecraft is used
for moving objects such as players and animals. A set of commands for growing a plant
will be written on a plate. The command will be in JavaScript programming language.
In order to get a flower, the child should write these commands one by one via the chat
window. Once the child enters a command for example” flower.AddSeed();”, Minecraft
Agent will move and plant some seeds in the soil.

The third task targets the selected age groups (5—15) and it meets the repetition concept
which is represented by executing the same command repeatedly, this concept is very
similar to the loop concept in programming. This task also uses Minecraft Agent to per-
form the instructions. In this task, the player will be asked to place a grass block in one of
the three existing areas. Each area will have a specific number next to it, this number indi-
cates the number of repetitions for this grass block. For example: if the child puts a grass
block once in the land area that has number ‘X, the instruction will be repeated ‘X’ times.
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4.4  Programs and tools

This section presents the programs and tools used to develop the proposed Minecraft
mod (see Figure 4). First, a Microsoft MakeCode platform [35] is used to program the
mod, it provides both block-based and JavaScript editors. The developed mod by this
platform can be played only in Minecraft Windows 10 [45] and Minecraft: Education
Edition [36]. Second, Minecraft game for Windows 10 is used for running and playing
the mod, since the education edition is available only for schools, museums, and librar-
ies. Finally, a Code connection app [46] is used to connect MakeCode with Minecraft

game.
@ Code Connecter
+—>

Microsoft MakeCode

Player

Fig. 4. Overview of the used programs in mod development

4.5 User interfaces

The Creative Programmer consists of three main tasks, each task is designed to
deliver specific programming concepts which described previously in (Sect. 4.3). The
tasks are independent from each other, which means, the player can choose any one of
them to start playing.

The first task is a small fenced area that aims to teach data types and variable con-
cepts (see Figure 5). This area contains three pairs of Minecraft blocks, each have a
different color which represent an animal type. A board with the name of each animal
type written in both Arabic and English, is placed next to each pair of blocks, to make it
easier for the child to differentiate between them. However, each pair of blocks consist
of two types of boxes, one represents string data type and the other, integer data type.
The role of the player here is to destroy theses boxes to fill the area with animals. While
doing that, player will notice the difference between data types based on the output
from the destroyed blocks.

(a) The output of a destroyed integer block (b) Integer and string blocks

Fig. 5. Taskl1. data types interfaces
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In the second task, the child will learn how to program and write an algorithm to
plant a carrot through Minecraft chat commands. The commands were written in a book
element to make it easier for the child to see them and then write them in the chat (see
Figure 6a). The two commands are: (1) Plant.Addseeds(). If this is written by the child,
the Minecraft agent will till the soil and put the seeds in their allocated place. (2) Plant.
AddBoneMeal(2). The Minecraft agent here will add bone meal twice to speed up the
process of carrot growth (see Figure 6b).

Tupe these plant.addseed();
plant.addboneneal(2:

connands sequential

(a) Programming commands written (b) After the Minecraft agent implemented
in the book element the commands

Fig. 6. Task2. programming commands interfaces

In the third task the loop concept (see Figure 7a) is explained, it has three boards,
each has a number for a loop written on it with different colors so the child can easily
differentiate between them, the childs’ role is to destroy the Square on the floor, when
it is destroyed the agent in Minecraft will make loops depending on the number that is
written on the board to plant the seeds (see Figure 7b).

(a) Loop concept (b) The output of the loop

Fig. 7. Task3. loop concept
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5 Testing and results

The Creative Programmer was tested by a preliminary study that includes a group of
seven children aged between 9—15 years old who had previous knowledge of Minecraft.
This test aimed to assess whether the children learn the programming concepts from
the mod, or their knowledge of these concepts improved. Moreover, it aimed to observe
how their familiarity with the learning environment is affected by their learning pro-
cess. The testing method for learning outcomes is a quiz that consists of four questions
related to the programming concepts designed in the game (see Sect. 4.3). The quiz was
designed as the following, three multiple choice questions were used for variable and
loop concepts, and one open-ended question was used for testing their ability to write
programming commands (see Appendix B for quiz questions). The quizzes included
variables, repetition, algorithm, programming, and logic concepts which are discussed
in (Sect. 4.3). In the research testing, two approaches have been used (1) qualitative
approach, which is used in the open-ended question and observing children’s behavior
while playing. (2) Quantitative approach, that had been used in the multiple-choice
questions to measure the number of children who answered correctly.

Children were divided into two groups; group A and group B. Group A consisted of
three children aged between 9-12 who had not learned programming concepts before.
Group B consisted of four children between 13—15 who had pre-knowledge in program-
ming concepts. For group B, they took the same quiz before (pre-quiz) and after play-
ing the mod (post-quiz), to measure their improvement in performance. While group
A took the quiz only after playing the mod since they did not have pre-knowledge in
programming concepts. However, the open-ended question that related to programming
commands, was not included in the pre-quiz, only in the post-quiz.

During the test, children played the Creative Programmer mod individually, using
a laptop. There was no time constraint for each child, but no one took more than 30
minutes, due to the small number of tasks. The result of the multiple-choice questions
is summarized in Table 2. For group A, after playing the mod, children recognized all
integer concepts, by answering the question related to this concept correctly. But for
the loop concept, only two children recognized all correct answers, and one child added
a wrong answer. While for the string concept, only one child recognized all of them,
however, two children identified only one correct answer. As for group B, the result of
the pre-quiz shows that children of this group did not recognize all the correct answers
for each concept. However, after they played the Creative Programmer and took the
post-quiz, all children in this group answered all questions correctly. This indicates
that all children noted an improvement in their performance in the test after playing the
mod, and thus their level of knowledge in programming concepts also improved.

For the open-ended question, both groups were asked to write a few programming
commands to build a house. As a result, all the children in both groups were able to
write programming commands in clear steps but in their own way, according to their age
and understanding. For example, some of them preferred to answer this question orally,
due to writing difficulties. Moreover, few children only considered the programming
rules while writing the commands, such as the semicolon at the end of the command
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(see Figure 8a). While the rest of the children wrote the commands in a narrative way
(see Figure 8b).

Table 2. Results of pre- and post-quiz

Pre-quiz Post-quiz
Variables Variables
Group Chald Age String Integer Loop String Integer Loop
B C1 14 Correct: Correct: Correct: Correct: Correct: Correct:
22 12 22 22 22 22
Wrong: 1/2 Wrong: Wrong: Wrong: Wrong: Wrong:
12 02 02 072 072
2 13 Correct: Correct: Correct: Correct: Correct: Correct:
12 22 22 22 272 22
Wreng: 0/2 Wreng Wrong: Wreng: Wrong: Wrong
072 072 02 072 072
C3 14 Correct: Correct: Correct: Correct: Correct: Correct:
072 22 12 12 22 22
Wrong Wrong Wrong: Wrong Wrong: Wrong:
072 02 02 02 02
C4 15 Correct: Correct: Correct: Correct: Correct: Correct:
12 12 12 22 22 22
Wrong: 0.2 Wrong Wrong: Wrong Wrong: Wrong.
072 12 02 072 072
A cS5 10 - Correct: Correct Correct:
22 22 22
Wrong Wrong: Wrong:
02 072 072
C6 9 . Correct: Correct: Correct:
12 272 22
Wrong Wrong: Wrong.
02 072 12
C7 8 N Correct: Correct: Correct:
12 272 22
Wrong Wrong: Wrong:
02 02 02

-i-@r")m"‘}u%?\«(g-g-ﬂ }lt.lﬂ/ l’)odae

SRR ————— " S _anm,,.,,,,,.,....

......,.c.J.)c.f.b..ﬂ?)aﬁ,....().),.o ?ng{ _____,{jg[@g___\_,}/__k_n_“/m
i Gliapp il misle. bt o Flaws...

(a) Writing command task in Arabic (b) Writing command task in English

Fig. 8. Results of writing command task

During the test, the authors observed the effect of children’s familiarity with the learn-
ing environment, since all the children had played Minecraft before. The familiarity of
the learning environment brought some benefits while learning, children knew the basic
rules of Minecraft game including how to play it; testers did not need to teach them
how to play; children took no time to explore and adapt to the learning environment.
In other words, the learning process ran swiftly and smoothly. In addition, the children
enjoyed themselves while learning, they did not stick to what they were asked to do all
the time; they adapted to the game environment and started playing around. They did
various activities once they started the game, for example, some of them modified the
Creative Programmer appearance, where one added a gate to the farm fence, another
built a hut, and one smashed the fence because he did not like the idea of isolating the
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animals from the surrounding environment. Others surprised us by swimming in the
river, trying to ride the boat, killing cows and eating the meat! (see Figure 9). They
were also surprised by the agents’ character and would like to have one on their mod to
execute their instructions.

Fig. 9. One player eating meat

Overall, the proposed Creative programmer mod, which was developed within
the Minecraft game, is designed to achieve the goal of teaching the children basic
programming concepts like variables’ data types, loops, and programming commands
in an entertaining learning environment. This developed mod proved its effectiveness;
where the results of the testing indicated that children were able to acquire computa-
tional thinking skills by learning the programming concepts and most of them answered
the quiz completely correct. Moreover, children showed a positive reaction towards the
game and they enjoyed it, according to [20], the fun part in game-based learning makes
the learning process more effective.

6 Conclusion

In today’s highly digital world children are using technology at a very young age,
they use laptops and tablets for many daily activities such as watching YouTube, play-
ing games and much more. Some video games get rising attention from children all
around the world to the point it becomes a part of their real life, they spend many hours
not only playing it, but they also talk about it and even impersonate its characters and
buy their clothes. The engagement of children in different technology platforms such as
games do not just give them a joyful time, they are actually socializing, acquiring intan-
gible skills and learning new concepts. These benefits can be achieved only if the time
spent on such platforms are utilized for doing well-guided activities. Consequently,
developing an environment that includes interactive learning content within children’s
favorite games will result in a highly encouraging learning process. Programming is
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one of the main concepts that people became aware of the importance of learning it, and
its impact on children’s skills and abilities has become more evident. Children do not
only learn how programs work or how to write a piece of code; they also acquire skills
that benefit them in other aspects of their life, like problem-solving and computational
thinking. Thus, children with such knowledge become more able to innovate and solve
practical problems.

This paper intended to utilize the advanced level that children reached in using dif-
ferent technology’ platforms especially games, the time they spent on it and their stim-
ulus to discover new things to facilitate the learning process of new complex concepts.
The results of this paper showed that children who were unfamiliar with programming
concepts gained the knowledge successfully and were able to answer most of the post-
quiz questions correctly after playing the proposed mod. Moreover, the performance of
the children with prior knowledge of programming was improved, as they were able
to answer all the questions correctly in the post-quiz. Overall, the game-based envi-
ronment facilitated the learning process and made it more enjoyable for all children by
attracting their attention and maintaining their focus throughout the game.

7 Limitations and future work

This study has a few limitations; one of them is the number of children tested. The
Creative Programmer Mod was tested on only seven children; hence, a larger number
of children may give more reliable results. However, running a test with a small num-
ber of participants allowed the researchers to pay full attention to each child and assess
his/her learning progress during this experiment. Another limitation is that the tested
children were aged between 8—15, and the Mod is designed for a wider range of ages
(from 5 to 15), therefore, the test did not cover the full age range of the Mod. As a future
work, researchers aim to develop a full programming course that starts from basic pro-
gramming concepts and then is scaled up to complicated ones. The course content will
be validated and adopted by the assistance of educational experts in teaching school-
age children science and technology.
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9 Appendix A

Questions

Answer Choices

What is the age of your child?

a) 5-7
b) 8-10
o) 11-15

What is your child’s favorite way to interact with the
games?

Direct interaction with visible objects
Interact by typing in the command panel
Both a and b

Is your child playing Minecraft?

a) Yes, Alot
b) Sometimes
c) Scarcely

d) No, Never

Which Mod does your child prefer to play in?

a) Survival Mod
b) Creativity Mod

¢) Both
What type of activities your child prefers to do in a) Farm building and take care of animals and
Minecraft? plants

b) Constructing buildings and create innovative
designs

¢) Both
Did your child learn any programming concepts a) Yes
through respective games? b) No

While the answer is (Yes) for the previous question,
describe your child’s experience with it. Did he\she
enjoy it? How far did he\she benefit from it?

Open ended question

What do you think about introducing educational
content such as the basic programming concepts
in popular games that children spend long periods
playing it? Such as Minecraft, Fortnite or others.

Open ended question
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10 Appendix B

Programming | Question . . . .
Concept Type Question Question Choices (if any)
Help Minecraft friends and write -
. programming commands that
Programming Short enables them to build a wooden
commands and . .
Aloorithms answer house with three windows and one
& door, then decorate the door with
beautiful flowers.
If you want to build a house by 1- House type
using programming language, 2- Number of houses
which of the following you should | 3- Window colour
) Multiple | define it as a String? 4- Number of doors
Variables . -
choice If you want to build a house by
using programming language,
which of the following you should
define it as an Integer?
If you want to build a house by 1- Plant one tree
. using programming language, in 2- Building a fence around the
Multiple e
Loop choice which situation you should use house
Loop concept? 3- Plant 5 trees
4- Choose the colour of the fence
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