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Abstract. At 21st century Computational Thinking (CT) is considered a fundamental skill that any-
one should possess and develop from a young age. Serious games and more specifically educational 
games (EGs) are a promising means of introducing algorithmic thinking and programming concepts 
and engaging students through the process of learning. In this article, a new EG called BlocklyScript 
is presented. BlocklyScript aims to help students develop their CT by learning basic programming 
concepts, designing algorithms and correcting mistakes. During the designing phase different EGs 
were taken under consideration and an EG design framework was followed in order to provide a 
better user experience. The game was evaluated by 10 experienced computer science educators of 
primary and secondary schools. The positive results of this pilot evaluation show that BlocklyScript 
is expected to help students understand the basic concepts of CT. However, the game should be 
evaluated by more teachers and students in order to provide future researchers with safe results.

Keywords: Computational Thinking, educational game, algorithmic thinking, programming con-
cepts.

1. Introduction

During the evolution of Computer Science (CS) many new concepts emerged that were 
unknown, or at least not widely known, in the past. Computational Thinking (CT) is one 
of them and at the 21st century it is considered a fundamental skill which is becoming 
increasingly important. International initiatives, such as the Bebras International Chal-
lenge on Informatics and Computational Thinking (Dagienė and Stupurienė, 2016), have 
contributed in promoting CT in educational institutions all over the world. 

Wing (2006) describes CT as a way of solving problems, designing systems, and 
understanding human behavior that draws on concepts fundamental to CS. She also 
highlights the importance of developing this skill from a young age since it can help 
students improve themselves in many different areas such as mathematics, physics and 
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alchemy. Teachers and especially CS teachers show an intense interest on integrating 
CT in education (Fessakis and Prantsoudi, 2019) and several approaches have been pro-
posed for achieving this goal. Bell and Bell (2018) propose teaching CT skills, such as 
decomposition, patterns, abstraction and algorithms, along with music theory and activi-
ties. Tonbuloğlu and Tonbuloğlu (2019) propose the use of unplugged coding activities 
for teaching CT ideas in an appealing and motivating way. Although various approaches 
have been proposed, CT skills are usually approached through the teaching and learning 
of programming and all the activities that it encompasses (Combéfis et al., 2016; Gian-
nakoulas & Xinogalos, 2020). However, learning programming from a young age can be 
challenging, since students are not familiar with programming concepts and they often 
lose their incentives (Zaharija et al., 2013).

Educational games (EGs) are a promising means of introducing algorithmic thinking 
and programming concepts and engaging students in the learning process. The main rea-
son why EGs are considered a beneficial educational method derives from the motivation 
that EGs can offer to young learners (Stege et al., 2011). It is generally accepted that the 
key of active learning is the students’ motivation. Furthermore young students are more 
confident with the concept of “playing” rather than reading a traditional book. Svinicki 
(1999) showed that traditional teaching methods do not motivate students to participate in 
the classroom. For these reasons many EGs were developed in order to provide incentives 
to students and engage them in learning programming and acquiring CT skills (Giannak-
oulas & Xinogalos, 2018; Giannakoulas & Xinogalos, 2020; Kazimoglu et al., 2012). 

Moreover, EGs for introducing programming are capable of promoting self-studying 
through theory instructions, playful hands-on programming activities, immediate feed-
back and scaffolding levels. Self-learning in the limelight couldn’t be of greater impor-
tance since the lockdown of billion students at their homes due to COVID-19 pandemic. 
UNESCO (2020) published that over 140 countries around the world were led to close 
(country-wide) their schools affecting the education progress of students in order to 
confine the spread of the virus. To help those countries UNESCO (2020) provided a list 
of distance learning solutions which includes among others digital learning and self-
directed learning content such as EGs. 

In this article, a new EG called BlocklyScript is presented, which aims to help stu-
dents develop their CT skills by learning basic programming concepts, locating patterns, 
designing algorithms and correcting mistakes through clear and specific rules. Blockly-
Script is a 2D online platform game which incorporates a custom made visual based pro-
gramming language and presents programming concepts, such as sequence commands, 
loops, if-statements, methods and variables. Unlike most of the EGs that already exist 
on the Internet and are characterized as puzzle games, BlocklyScript attempts to follow 
a different approach. It combines elements of an RPG (Role-Playing Game) by control-
ling an explorer (male or female) and learning new abilities (laser beam) in a typical 
platform game. It also incorporates enemies (flying aliens) and obstacles (doors, spikes, 
walls) which are expected to maintain undiminished the interest of the player. Further-
more it provides a rich rewarding system (score, badges, time) which captures the user’s 
attention. Lastly it helps students to recover from their mistakes with the assistance of 
articulate tips and advices in the case of an error at the end of each attempt.
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Debriefing is a very important feature of any serious game and consequently any 
EG. “Debriefing is the processing of the game experience to turn it into learning (to 
paraphrase Dave Kolb)” (Crookall, 2010, p. 907). Crookall (2010) emphasizes on the 
importance of debriefing for learning and for establishing simulation/gaming as a dis-
cipline. At each level in BlocklyScript the user has to design an algorithm based on the 
theory s/he reads and immediately after its execution the player is informed about the 
correctness of his/her solution. This is where debriefing takes place and in the case of a 
wrong solution extra tips are provided to the player in order to help him/her understand 
the mistakes. Furthermore the player can access anytime the theory learned through 
previous levels and iterate through them. In case of active learning inside a classroom 
debriefing takes the form of teacher’s interaction with the students. The teacher can 
check the results table at the end of the game for each student and learn which theory 
concept was the hardest for the students to comprehend. In both cases BlocklyScript can 
support either students in self-assessment or teachers on improving the way of present-
ing programming concepts. 

The overall methodology of the study presented in this article consisted of three 
phases. Firstly, a literature review on studies investigating the effects of game-based 
learning (GBL) and EGs on teaching and learning programming and cultivating CT 
skills targeted to young students was carried out. This was followed by play-testing 
and comparatively analyzing four EGs using factors that were recorded in the lit-
erature. In the second phase, BlocklyScript was designed utilizing the results of the 
literature review and the comparative analysis carried out, as well as the Educational 
Games Design model proposed by Ibrahim and Jaafar (2009). In the third phase, a 
pilot evaluation of BlocklyScript took place utilizing a survey. Specifically, the game 
was play-tested by volunteer teachers who filled in an online questionnaire that was 
based on the MEEGA+ model (Petri et al., 2018). The main research question of this 
pilot evaluation was:

What are teachers’ perceptions on the usability and user experience of Block-
lyScript?

The investigation of this research question was deemed necessary in order to: vali-
date the design of BlocklyScript; and draw conclusions on the acceptance of Blockly-
Script by teachers, as well as their willingness to utilize it in the classroom as a tool 
for introducing young students to programming and cultivating CT skills. Based on the 
results, we could either make the necessary changes to the game or make it available to 
interested teachers for utilizing it in the classroom and studying students’ actual concep-
tual learning within the game. 

The rest of this article is organized as follows. In section 2, a literature review of 
relevant work and a comparative analysis of existing EGs are presented. In section 3 the 
design and analysis of the game are presented. In section 4 the methodology of the pilot 
evaluation of BlocklyScript is presented, followed by the results, the limitations of the 
study and a critical discussion of the results. Next, some conclusions are drawn and im-
plications for researchers and practitioners are presented. In the last section suggestions 
for future research are proposed.
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2. Literature Review

2.1. Game-based Learning Pedagogy

Marc Prensky back in 2003 highlighted how the learners have changed and how digital 
games can be used for satisfying their learning needs (Prensky, 2003). Since then re-
search on the possibilities of the so called serious games (Zyda, 2005), and especially 
their subcategory of educational games, for an enhanced teaching and learning of vari-
ous subjects has attracted the interest of researchers and instructors. 

In a more recent study, Rebah (2019) highlights three pedagogical virtues of serious 
games. The first virtue, as mentioned earlier, is the ability to capture the intrinsic motiva-
tion of learners. A student may forget that s/he is trying to acquire new knowledge and 
stay motivated by focusing on how to complete the game challenges. The second major 
benefit is described as “situated learning”. Learners must find the best solution to solve 
a situation-problem by focusing on a single task at hand and therefore improving their 
productivity. The third virtue refers to the opportunity to learn from mistakes. A well 
designed serious game can offer immediate feedback to the learners in case of an error, 
helping them to find the right solution to the existing problem.

Various research studies have been carried out on EGs whose educational objec-
tive is the introduction of programming concepts to novices and in particular to young 
students. 

“Aladdin and his flying carpet” is a 3D EG that teaches solution efficiency, pattern 
recognition, debugging and decomposition to its pupils. The game was evaluated by 107 
sixth grade pupils with no prior knowledge of programming (Jakoš & Verber, 2017). 
The results showed that after playing the game (posttests) 97% of the pupils met the 
minimum knowledge standards, as they are defined on the curriculum of the Computer 
Science Course for primary schools in Slovenia. In the pretest phase, the percentage of 
the students that met the minimum knowledge standards was 25%.

“Minerva” is a 2D puzzle game designed for teaching basic programming concepts 
to elementary school students without coding. A mixed-method evaluation was con-
ducted with 32 Korean 6th grade students playing the game and 32 6th grade students who 
studied the same concepts using handouts (Lindberg & Laine, 2018). Initially the results 
regarding the learning experience of the game-based learning (GBL) group showed that 
the students increased their knowledge about computer programming by completing 
challenging tasks and gained a sense of achievement through the game. In addition, the 
GBL group trowed that “Minerva” was an exciting learning experience (75%) and useful 
(91%) for their career. In terms of retention, both groups performed well. On one hand, 
the GBL group performed better at answering specified tasks (issuing commands, loops, 
conditions), but on the other hand the second group was more efficient at more complex 
tasks (combination of theory). 

“MiniColon” is an EG that aims at teaching young children the preliminary con-
cepts of programming (sequential blocks, conditional blocks and iterative blocks) by 
controlling an avatar with a Kinetic Sensor device (Ayman et al., 2018). Similar to 
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“Minerva” the game was evaluated by 8 young students who played the game and 7 
students who approached the basic programming concepts through a traditional educa-
tion method. Both groups answered a questionnaire before and after learning the new 
concepts and the learning gain was calculated by subtracting the number of correct 
answers in the pretest from the posttest quizzes. The results indicated that the learning 
gain and the immersion achieved by the GBL group were significantly higher compared 
to the second group.

Giannakoulas and Xinogalos (2018) presented a pilot study on the effectiveness and 
acceptance of the EG “Run Marco!” for teaching programming concepts to 19 primary 
school students in Greece. The students were introduced to sequence commands, loops 
with a predefined and an undefined number of iterations by completing the correspond-
ing levels of the game and using supplementary educational material prepared by the 
researchers. The concepts were divided into 3 lessons and at the end of each lesson, 
students filled an evaluation worksheet. In addition, after completing all the lessons, a 
questionnaire based on the widely known Technology Acceptance Model (TAM) was 
answered by the students regarding the perceived ease of use and usefulness of “Run 
Marco!” as well as the students’ attitude towards the use of it. The results of the pilot 
study showed that “Run Marco!” supported the students in comprehending the afore-
mentioned concepts, while it was accepted by the majority of them as a useful alterna-
tive learning process. However the game was unable to raise students’ interest at a high 
degree and based on the authors this might be due to the lack of typical game mechan-
ics that are present in purely entertainment games such as enemies and the feeling of 
adventure or challenge. 

Danks et al. (2019) present how “Code Combat” has been used for at least one 
month by 170 teachers across the United States of America (mainly in California) for 
introducing 1st–12th grade students to basic programming concepts. “Code Combat” 
was used by 46% of teachers as a supplementary resource to the existing computer 
science curricula, while 36% used the EG as the core curriculum resource. Findings 
reveal that 90% of teachers agreed or strongly agreed that “Code Combat” keeps stu-
dents engaged and 97% agreed or strongly agreed that the benefits students gain from 
the EG are worth their time. More specifically the EG allows teachers to support stu-
dents’ problem-solving abilities and help them when they are stuck, it helps them teach 
students how to become strong coders by providing effective coding practices and it 
nurtures students’ curiosity in the classroom.

 Du et al. (2016; 2018) conducted a study in order to investigate the effect of the 
Hour of Code tutorials such as Minecraft and Angry Birds on students’ attitude to-
ward programming. The study was conducted at one Midwestern university for 4 years 
(2014–2017) in an introductory computing course and a data set (quantitative and qual-
itative) of 255 college students, novices to programming, was selected over the years. 
The quantitative data analysis (Du et al, 2016) of 116 participants showed that the 
positive change of students’ attitudes toward programming was statistically significant 
and the awareness of the importance of programming was increased. In addition 97 
open-ended qualitative comments (55 from the pre-survey and 42 from the post-survey) 
were collected till the year of 2017 indicating the same results. Most students (64%) 
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had a negative attitude towards programming before playing the EG which changed 
after playing it with nearly 70% of positive comments. Although this study refers to 
higher education students, it was included in our review since the specific game can be 
used by young students as well.

Most of the reviewed studies focus on the final learning outcomes and the advan-
tages of the EGs they utilized, while pedagogical issues such as practical implications 
for integrating the use of EGs in the classroom are less frequently addressed (Gian-
nakoulas and Xinogalos, 2018). Also, some studies refer solely on the acquisition of 
programming skills and do not make a clear reference on CT skills, such as algorithmic 
thinking, abstraction, decomposition, modularity and generalization that are considered 
as fundamental CT skills (Atmatzidou and Demetriadis, 2016). However, it is clear that 
programming activities included in EGs have the potential to cultivate CT skills in a 
straightforward manner. For example, in the context of an EG students typically have 
to implement algorithms for guiding the protagonist of the game in carrying out vari-
ous tasks, thus cultivating algorithmic thinking skills. As the game progresses, the tasks 
become more complicated and require breaking down the problem into sub-problems 
that are easier to deal with, thus leading to the cultivation of decomposition and modu-
larity skills. Moreover, some tasks or sub-problems require the recognition of a pat-
tern that is interpreted to a piece of code which is afterwards repeated using a loop. In 
some occasions, a task or sub-problem (either representing a pattern or not) has to be 
used in different parts of the whole program or even more has to be parameterized (for 
example, moving the player for a different distance), thus needing to define functions 
which cultivate abstraction and generalization skills. 

2.2. Educational Games for Programming

Contemporary programming languages fall under two major categories. The first cat-
egory includes text based programming languages, while the second one includes visual 
based programming languages. The influence that each one of these two categories of 
programming languages can have on young students is different. In a study compar-
ing the influence of the aforementioned categories the results showed that visual based 
programming is a better approach for teaching the basic concepts of programming to 
novices (Saito et al., 2017).

For the design and development of BlocklyScript it was imperative to study existing 
online EGs aiming at developing CT skills to young students. The games studied were 
not limited only to those that support visual programming, but also to text-based ones. 
The games selected were “Code Combat” which supports a text-based editor, “Hour of 
Code: Minecraft” and “Run Marco!” which support a visual based language and “Rapid 
Router” which includes both ways of programming. The specific EGs were selected for 
the comparative analysis based on the following criteria: they are freely available and 
can be play-tested by anyone in order to gain experience in both their mechanics and 
their underlying pedagogy; they are widely known and referenced; they constitute rep-
resentative examples of programming EGs that are based on a text-based programming 
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language, a visual one or a combination of both. Interested readers can find an extended 
review of twenty-two programming EGs targeted to young students in (Giannakoulas 
& Xinogalos, 2020).

Code Combat is a 2D web-based game which aims to teach programming to young 
students in Python, JavaScript or CoffeeScript. It is categorized as an RPG (Role-Playing 
Game) and the theory is divided into many different levels. Each level is composed of 
the game area and the text-based editor. The game area includes a panel where the game 
character exists and the text-based editor is the area where the player interacts with the 
game character. Each level includes specific and clear goals and a hint button to help the 
user recover from a mistake. Furthermore Code Combat allows the user to choose be-
tween many characters with different statistics, it includes a variety of items that a char-
acter can carry and rewards the player with achievements and gems with witch the player 
can buy a better equipment (available at: https://codecombat.com/premium).

Hour of Code: Minecraft is a 2.5D web-based game, which includes four differ-
ent game scenarios. Each game scenario consists of 10–14 levels and aims to teach a 
few programming concepts in an hour. The structure of the levels is the same as Code 
Combat with the difference that the editor is visual-based and includes interlocking 
blocks based on the Blockly library. By reading the theory and watching some intro-
ductory videos the user can comprehend the utility of each block and then s/he can 
drag and drop the blocks and connect them with each other in order to design an al-
gorithm. The designed algorithm should, afterwards, guide the game character (male 
or female) in order to achieve the objectives of the corresponding level (available at:  
https://code.org/minecraft).

Run Marco! is a puzzle game that aims to teach basic programming concepts to 
novices with the help of a visual based language. The user can choose between a 
male and a female character and guide him/her through a jungle in order to find his/
her friends. The user commands the character how to move by dragging and drop-
ping blocks and tries to find the correct path which will lead to the final destination. 
The game rewards the player at the end of each attempt in every level (available at:  
https://www.allcancode.com/hourofcode).

Rapid Router is a 2D web-based puzzle game which aims to introduce the basic 
concepts of programming through 109 different levels. The user controls a van through 
a visual based language based on Blockly and attempts to deliver food supplies to the 
houses. The twist that Rapid Router incorporates compared to Hour of Code: Minecraft 
and Run Marco! is that at the last 29 levels it introduces novices to the programming 
language of Python by translating the blocks into text-based commands (available at: 
https://www.codeforlife.education/rapidrouter/).

The four EGs presented have the same aim, to teach programming concepts to novic-
es. However there are some differences in the educational material that each one of them 
incorporates. In Table 1 we present the programming concepts covered by these EGs. 
Code Combat and Rapid Router include all of the programming concepts as shown is Ta-
ble 1, while the concepts of object oriented programming and variables are not supported 
by Run Marco! and Hour of Code: Minecraft. Furthermore Hour of Code: Minecraft and 
Run Marco! do not incorporate exercises with nested ifs and functions respectively.
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Table 1
Programming Concepts

Concept Code Combat Hour of Code: Minecraft Rapid Router Run Marco!

Sequence commands    

Simple if    

If-else    

Nested if    

For loops    

Do while or Repeat until    

Functions    

Object oriented programming    

Variables    

In addition, some basic features that an EG must meet have been studied. These fea-
tures can be divided into five categories:

Scenario of the game. ●
Game mechanics. ●
Program execution, test and debugging tools. ●
Supported platforms, and more specifically the game’s availability on iOS, An- ●
droid and online platforms. 
CT dimensions or else CT skills that are cultivated through the EG. The estimation  ●
for supporting or not the cultivation of each examined CT skill by each one of the 
EGs is based on the analysis provided at the end of section 2.1. 

The study of the four EGs also included players’ prerequisite knowledge require-
ments for each game, the programming language(s) supported and enhanced features 
such as support for online classrooms and creation of new game levels. The features 
used in the comparative analysis where based on the works by (Giannakoulas & Xinoga-
los, 2018; 2020), which in their turn utilized metrics that are based on specialized design 
frameworks for EGs. Table 2 summarizes the aforementioned information for the EGs 
that were studied.

3. Analysis and Design of BlocklyScript

In this section the analysis and design of BlocklyScript are presented. The analysis of 
BlocklyScript is related to some basic data of the game such as the instructional objec-
tives, the targeted audience, the preparation and set-up time, the playing time, and the 
game objectives. After the analysis of the game, the selected design framework is intro-
duced which allowed the developer to incorporate the basic features that characterize 
a web-based EG.
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Table 2
Game characteristics

Feature Code Combat Hour of Code: 
Minecraft

Rapid Router Run Marco!

Prerequisite 
knowledge

No No No No

Player’s educational 
degree

Primary school Primary school Primary school Primary school

Sc
en

ar
io Variety of activities Designing an algo-

rithm for moving/
guiding the avatar

Designing an algo-
rithm for moving/
guiding the avatar

Designing an algo-
rithm for moving/
guiding the avatar

Designing an algo-
rithm for moving/
guiding the avatar

Select character 
option

   

Enemies    

Activities offered Design an algo-
rithm and assigning 
values to variables

Design an 
algorithm

Design an 
algorithm

Design an 
algorithm

G
am

e 
m

ec
ha

ni
cs Scaffolding/

Support
Instructions per 
level in text format

Instructions per le-
vel in text format & 
introductory videos

Instructions 
per level in text 
format

Instructions per 
level in text format

Score    

Reward the victory of 
every level

   

Reward best solution    

Achievements    

Programming 
language

Python, JavaScript, 
CoffeeScript

Visual programm-
ing with Blockly

Visual programm-
ing with Blockly

Visual programm-
ing with Blockly

Pr
og

ra
m

 e
xe

cu
tio

n
Te

st
 a

nd
 d

eb
ug Highlighting the com-

mand being executed
   

Execute program at 
different speeds

   

Feedback in case of 
an error

   

Testing and 
debugging

Executing the 
program

Executing the 
program

Executing the pro-
gram or step by 
step execution

Executing the 
program

Pause program 
execution

   

Online classrooms    

Create new levels    

Av
ai

la
bl

e 
pl

at
fo

rm
s Web    

Android    

iOs    

C
T 

D
im

en
si

on
s Algorithmic thinking    

Decomposition & 
modularity

   

Patterns recognition    

Abstraction & 
generalization

   
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3.1. Analysis of BlocklyScript

Instructional Objectives of BlocklyScript
The instructional objectives of BlocklyScript can be summarized as follows:

Promotes the active learning and participation inside the classroom.  ●
Promotes self-learning and self-assessment outside of the classroom. ●
Presents, explains and familiarizes students with the basic concepts of program- ●
ming through plain, simple and descriptive text, images and examples, as well 
as with the support of the visual programming library of Blockly. The theory in-
cludes sequence commands, simple if, if-else, nested if, for, repeat while, repeat 
until, methods and variables.
Improves students’ CT skills by designing interactive algorithms in order to con- ●
trol the protagonist of the game.

Target Audience
The target group of this game is primary school students who try to learn the basic con-
cepts of programming for the first time. In addition it encourages anyone who wants to 
improve his/her CT skills by designing algorithms.

Preparation and Set-Up Time
This is an online 2D platform game that runs in a browser. So the only requirements are 
a computer with access to the Internet and an installed browser. The game was tested in 
two popular browsers, Mozilla and Chrome.

Playing Time
The playing time depends mainly on the player’s abilities in comprehending the pre-
sented programming concepts and the process of designing an algorithm for solving a 
problem. The estimated time for a student to win all the levels is between 2–4 hours. For 
this reason the game saves user’s progress inside a database so s/he can play it anytime 
and continue from the last saved point. 

Source Code and Installation Tips
The source code of BlocklyScript along with installation tips is available at the follow-
ing URL: https://github.com/CKar95/BlocklyScript

Game Objectives – Game Scenario
BlocklyScript is a 2D platformer action game in which the player controls the move-
ment of a Blocklyland adventurer. The player is challenged to guide the adventurer by 
designing algorithms through the levels of Blocklyland in order to collect all the stars 
that fell suddenly from the sky and threatens the planet with eternal darkness. The ad-
venturer will also have to collect some balloons during his/her journey with which s/
he will send the stars back to the sky at the end of the game. Before the player starts 
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playing the game s/he will have to create an account which will identify him/her and 
save his/her progress inside the game.

Game Flow
After the user’s successful login, the game is available. The game is divided into  ●
12 levels and each one of them contains a new programming concept which is 
integrated into visual blocks. The visual blocks comprise the available commands 
with which the player interacts and commands the adventurer to take action. The 
player will have to unlock the initial levels first and then move forward to unlock 
the rest of them as shown in Fig. 1.
The design of each level contains four different areas (Fig. 2). The top left cor- ●
ner represents the game area. The top right corner represents the Blockly area 
which contains the available block commands. The bottom left corner includes 
the instructions/theory of the corresponding level. The bottom right corner is the 
display area of the program execution results.
Firstly the player will have to read the instructions area which contains the goals  ●
of the level and useful information about new obstacles and the functionality of 
the block commands (Fig. 2).
After comprehending the instructions the player will have to analyze the task, lo- ●
cate potential patterns, and design an algorithm based on the block commands s/he 
learned at the current and previous levels (Fig. 2). The user can access the theory 
of the running and previous levels via a help button.
At the end of the execution of each attempt the user is immediately informed  ●
about the correctness of his/her answer and rewarded (points, badges) accordingly 
(Fig. 3). In the case of a victory the quality of the solution is checked based on 

Fig. 1. The first two completed levels of BlocklyScript.



C. Karakasis, S. Xinogalos652

the number of blocks used. In the case of a defeat extra tips, in exchange for score 
points, are presented which can help the player comprehend easier the new theory 
and correct his/her algorithm in order to find the best solution.
As the game progresses new obstacles and enemies appear that block the adven- ●
turer’s path. On the one hand obstacles can take the form of spikes, walls, doors 
or the space between two platforms. On the other hand moving enemies take the 
form of a flying yellow alien who is attracted to the light of the fallen stars and 
attempts to protect them from the adventurers. The levels of BlocklyScript are 
presented in Fig. 4.

Fig. 2. First level of BlocklyScript.

Fig. 3. Level 1 failed attempt tips and reward.
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After completing all the levels the player can restore the stars back to the sky and  ●
fulfill his initial goal presented by the scenario. Furthermore the player can check 
useful statistics relating to his/her answers for each level.

Finally the game allows the player to iterate through the levels s/he already won 
without any restriction regarding the number of his/her attempts and choose between 
English and Greek.
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3.2. Design of BlocklyScript

The combination of a well-designed EG with its pedagogical objectives optimizes its 
benefits and effectiveness in education. For this reason, an extensive research was car-
ried out to select the appropriate design framework that meets the needs of BlocklyS-
cript. Malliarakis, Satratzemi & Xinogalos (2014a) presented several of the available 
EGs design frameworks, indicating their features. On this basis, the design model pro-
posed by Ibrahim & Jaafar (2009) was selected. This model was designed to support 
student’s self-instruction and self-assessment within the game. The Educational Games 
Design model is based on three main axes. The axes are: 

Game Design.  ●
Pedagogy.  ●
Learning Content Modeling. ●

Game Design (Table 3) relates to the usability, the multimodality and the fun that 
the game offers. The usability of the game is based on its satisfaction, efficiency and 
effectiveness and should be tested through the ISO 9241 usability prototype (Pinelle 
and Wong, 2008). Multimodality is very important for EGs because it combines multi-
media, such as text, graphics, sound, video and animation with which students interact 
and receive immediate feedback (Ibrahim & Jaafar, 2009). Lastly the entertainment that 
the EG offers, provides motivation and commitment to players. In Table 3 the design 
decisions that were made for BlocklyScript in terms of the factors included in the Game 
Design axis of the model are presented.

Table 3
Game Design

Factor
(Ibrahim & Jaafar, 
2009)

Design decision

Usability

- Satisfaction The game environment is user-friendly and easy to navigate.	
The interesting scenario combined with attractive graphics and sounds provide 	
aesthetic satisfaction to the user. In addition, saving the score, time and badge 
upon completing a level gives the player joy in seeing his/her effort rewarded. It 
also allows the users to play the game whenever they have free time by storing 
their progress in a database.
The encouragement to identify the optimal solution creates a sense of satisfaction 	
for the player.

- Efficiency The game is provided for free on the web and is supported by the most popular 	
browsers.
The theory is presented through a simple and concise text combined with pictures 	
and simple examples that apply the theory. Also, the categorization of block 
commands and color matching makes it easier for the student to understand their 
functionality.

Continued on next page
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Table 3 – continued from previous page

Factor
(Ibrahim & Jaafar, 
2009)

Design decision

- Effectiveness The help button gives access to previous levels instructions/theory and reminds 	
students of all the concepts they learned.
Introducing a single concept per level contributes to its more effective 	
learning.
Checking the player’s solution and providing feedback on its correctness and 	
quality helps the player understand exactly where s/he may have gone wrong.

Multimodal

- Multimedia and 
interaction

Incorporating objects for collection (stars, balloons), avoiding obstacles 	
(spikes, walls, doors), dealing with enemies (flying aliens) and exploring secret 
passwords keep student’s interest undiminished.
Relaxed and joyful background music helps the user to think and relax in his/her 	
attempt to design the appropriate algorithm to solve the level.
The appearance of appropriate messages and sound at the end of the user’s 	
algorithm execution separates the successful from the wrong solution.
The user interacts with the explorer by dragging and dropping the available 	
command blocks in the Blockly editor and connecting them appropriately. In 
addition there are various types of blocks that require user input. This input can 
be the selection of the appropriate color or condition, the block’s formatting and 
the typing of an alphanumeric.

Fun – Challenge

- Clear goals The objectives at each level are clear and appear in the level’s instruction area. 	
The main objective is for the explorer to collect all the available stars and/or 
balloons in the level with the help of the player’s algorithm.

- Uncertain outcome The player has to find the solution of the level in order to continue to the next 	
levels and to see the results of his/her solution.

- Self esteem The presence of scoring and badges, the appearance of tailor-made messages to 	
find the optimal solution and restarting the levels without any restrictions boost 
the player’s confidence.

Pedagogy concerns the final degree of achievement of the learning results. The 
game will be designed based on the first three levels of Bloom’s educational outcomes 
classification (knowledge, understanding, application). In addition, theory should mo-
tivate students and support autonomous learning, while the EG should develop the 
student’s problem-solving abilities. The design decisions made for satisfying the peda-
gogical factors of the Educational Games Design model in BlocklyScript are presented 
in Table 4.

Learning Content Modeling argues that game lessons should be designed in a way 
that supports self-learning and achieves its teaching goals. In addition, the presenta-
tion of the educational material should be done in a smooth and progressive manner in 
order to stimulate the interest of the player. In Table 5 the way that these requirements 
were approached during the design of BlocklyScript is presented. 
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4. Pilot Evaluation Methodology

4.1. Research Method

The pilot evaluation of BlocklyScript is part of a broader research on the potential ef-
fectiveness of game-based learning and EGs on teaching and learning programming 
and cultivating CT skills to young students. The motivation for the research presented 

Table 4
Pedagogy

Factor
(Ibrahim & Jaafar, 
2009)

Design decision

- Learning outcomes The user will learn basic programming concepts such as sequential execution, 	
loops, ifs, restricted use of commands and variables and acquire CT skills, such as 
analyzing problems, locating patterns, designing algorithms.

- Motivation Theory As players progress, they enrich their knowledge of the basic concepts of 	
programming. The theory is presented through a comprehensive text along with 
illustrations and examples of the application of the block commands.
The user is interested in the theory s/he has already learned because s/he uses it in 	
conjunction with the concepts of the new level to find the solution.

- Self-learning The game does not require from the user any pre-existing knowledge on programming. 	
At each level the user tries to assimilate a new programming concept.
The game allows the user to look at the theory of each level as well as to restart it 	
without limiting the algorithm’s redesign efforts.

- Problem solving At each level the users apply the theory they learned to design an algorithm and 	
solve the level by guiding the explorer.
With the help of the «Program output» area the user can understand exactly where 	
s/he made a mistake and read helpful tips on how to apply the theory correctly and 
even devise a better quality solution/program.

Table 5
Learning Content Modeling

Factor
(Ibrahim & Jaafar, 
2009)

Design decision

- Syllabus matching Similar EGs that aim to teach programming concepts to young students were studied 	
and the educational content of BlocklyScript was designed based on them.

- Scaffolding The flow of theory presentation is smooth. Initially the students learn sequential 	
execution. Then they learn the repeating loops. Afterwards the student comprehends 
the “if” commands and at the last levels s/he learns about the methods and the 
variables. The user can even spend as much time as s/he wants on each level to read 
the theory and gradually build on the existing knowledge.
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in this article was to review relevant literature in order to investigate whether there is 
a need for another EG for programming and CT. BlocklyScript, in contrast with most 
of the EGs of this kind that are puzzle games, is an RPG platform game that tries to 
encompass more entertaining game mechanics, such as enemies and obstacles, in order 
to motivate students. Furthermore it provides a rich rewarding system (score, badges, 
time) and a mechanism for reporting articulate tips and advices in the case of an error in 
order to assist students in recovering from errors and comprehending the semantics of 
the underlying concepts.

The main research question of the pilot evaluation of BlocklyScript was:

What are teachers’ perceptions on the usability and user experience of Blockly-
Script?

The purpose of the research study presented in the next paragraphs was twofold: 
firstly, to validate the design of BlocklyScript in terms of teachers’ perceptions regard-
ing its usability and the experience of the students that will use the game; and secondly, 
to draw conclusions on the acceptance of BlocklyScript by teachers, as well as their 
willingness to utilize it in the classroom as a tool for introducing young students to 
programming and cultivating CT skills. This would give us the chance to make Blockly-
Script available to the educational community for usage in the classroom or making the 
necessary corrections prior its usage and evaluation by students.

In order to investigate the aforementioned research question a survey research ap-
proach was adopted and the results were quantitatively analyzed. Specifically, an at-
tempt to attract volunteer teachers for play-testing the game and evaluating it was made. 
For this purpose, an invitation was sent by email to Information Technology educators 
of primary and secondary schools. Moreover, this invitation was posted on a relevant 
forum by an Informatics public school counselor at the district of East Thessaloniki and 
Chalkidiki in Central Macedonia. This forum is intended for teachers with an interest on 
Information and Communication Technologies (ICT) in education and the pedagogy of 
teaching and learning programming to and by students respectively. Participants were 
given a fifteen-day interval to play the EG online by following the link in the invitation 
and then evaluating it by responding anonymously to a special designed questionnaire. 

4.2. Participants

A total of ten Information Technology (IT) teachers of primary and secondary schools 
responded to the invitation to play test and evaluate BlocklyScript. The participants 
played BlocklyScript at the leisure of their home and then evaluated its expected con-
tribution to students’ education. The recipients of the invitation, and consequently our 
participants, were all expected to have knowledge on teaching programming since it is 
a major subject both at primary and secondary education. However we could not know 
in advance whether they would have any experience on utilizing EGs in education. We 
must note that we expected to attract more participants. The small number of participants 
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might be attributed to the fact that the educational material and the GUI of the initial 
version of BlocklyScript was offered only in English. This might have deterred teachers, 
since they could not easily use a game that does not support the mother tongue of their 
students. Moreover, it might be true that teachers are still hesitant in utilizing EGs in 
their classrooms.

The demographics of the participants are presented in Fig. 5. Out of the ten IT edu-
cators that participated in the pilot evaluation, 30% teach to elementary school students 
and the rest 70% to high school students. It is worth noting that 70% are over 40 years 
old (40–50: 60%, 50 or older: 10%), indicating that they have several years of experi-
ence in student education. Also, it must be noted that all the teachers have utilized edu-
cational games in the classroom and half of them have used more than five educational 
games (from 5 to 10: 20%, over 10: 30%) and consequently can be considered qualified 
to evaluate the pros and cons of such a game. Moreover, 50% of the teachers have devel-
oped their own educational game or customized an existing one and know how to design 
it in order to achieve its goals. So despite the small sample of the study participants, they 
all have experience in utilizing educational games in the classroom and half of them in 
developing and/or customizing educational games.
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4.3. Data Collection and Analysis

Data collection was accomplished through the use of a specialized questionnaire, as 
already mentioned. The questionnaire used is based on the MEEGA+ educational game 
evaluation model designed by Petri et al. (2018). The MEEGA+ model is primarily used 
for the evaluation of EGs aimed at educating users in the field of Computer Science. In 
addition, it is worth noting that the questions were designed to be addressed to the teach-
ers and not to the students. 

More specifically, the MEEGA+ model assesses the quality of EGs by dividing the 
questions into two qualitative factors. The first quality factor relates to the user’s experi-
ence and includes subcategories of questions that evaluate the player’s focused attention, 
fun, challenges, social interaction, satisfaction and confidence during the game. It also 
includes questions about the relevance of the game’s content with a specific field, its Per-
ceived Learning and the protection it offers to the user in a case of an error. The second 
quality factor relates to the usability of the EG and the questions that are included assess 
its learnability, operability, aesthetics and accessibility.

Based on these, the questionnaire for the evaluation of BlocklyScript is divided into 
three sections:

The first section includes six questions related to the participants’ demographic  ●
data.
The second section contains nine questions related to the usability of the game. ●
The third section includes twenty-eight questions regarding the user’s experience. ●

The questionnaire did not include questions from the MEEGA+ model on social in-
teraction with other players since this feature is not supported by BlocklyScript. For the 
questions of the second and third section a 5-point Likert scale from -2 to 2 was used, 
where -2 equals “Strongly Disagree”, -1 equals “Disagree”, 0 equals “Indifferent”, 1 
equals “Agree” and 2 equals “Strongly Agree”. 

The data collected were then analyzed using Microsoft Excel. For the first section 
of the questionnaire referring to the participants’ demographic data percentages were 
calculated, while for the second and third section, the median values and the percentages 
of each available response for each question were calculated as proposed by the creators 
of the MEEGA+ educational game evaluation model (Petri et al., 2018).

In order to estimate the reliability coefficient, or else the internal consistency, of 
the questionnaire the Cronbach’s alpha was calculated. The reliability coefficient was 
.93798 which denotes a high internal consistency.

5. Results of the Pilot Evaluation

5.1. Usability 

Fig. 6 presents the advantages of the game design, its ease of use and the support that it 
offers to the users in order to identify their mistakes inside the game. More specifically, 
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50% of the participants agree and 40% strongly agree that the game is attractive. The 
majority of the participants (30% agree and 50% strongly agree) agree with the choice 
of colors and consider them to be meaningful to the game (70% strongly agree).

In addition, 90% of the participants agree or strongly agree that students will eas-
ily learn how to handle the game. However, the results of whether students should 
know some basic things before playing the game are controversial, with 50% of the 
participants agreeing or strongly agreeing, 10% remaining neutral and 40% disagree-
ing. Therefore, this point can be improved by introducing more examples and levels of 
theory for smoother integration of students into the concepts of programming. 

Furthermore, the game is considered to help the student identify possible mistakes 
and correct them relatively quickly with 50% of the participants agreeing and 10% 
strongly agreeing. But it is not sure if the game prevents students from making mis-
takes in designing their algorithms (median 0). Of course, the students learn through 
their mistakes and if they understand and correct them then it is more likely not to 
repeat them again in the future.

5.2. Player Experience

Fig. 7 presents the results of questions related to players’ experience with BlocklyScript. 
The questions are grouped into categories according to their type. Following there is a 
commentary on the results of the player’s experience ranging from the first category of 
questions (as shown in Fig. 7) to the last category.

Confidence. The first category of Fig. 7 presents the results of the educators’ view on the 
confidence that students will have in the game. All participants agree or strongly agree 

Fig. 6. Evaluation results on usability.
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Fig. 7. Evaluation results on player’s experience.
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that with the structure and educational material of the game, students will feel confident 
that they will learn by playing. Most of the participants also believe that BlocklyScript 
will be easy for students (median 1).

Challenge. The challenges that the student will face while playing are numerous, thus 
keeping his/her interest undiminished. The second category of Fig. 7 shows the results 
of the questions regarding the challenges that the game offers. All the questions man-
aged to get a median of 1 (agree) and it is worth mentioning that teachers do not believe 
that the game becomes monotonous as it evolves and there are no elements to make it 
boring. Students will thus be motivated to continue playing by unlocking new levels 
and learning new programming concepts.

Satisfaction. The vast majority (90%) of the teachers (strongly) agrees that students 
with their own personal effort will be able to unlock all levels of the game and be satis-
fied with their achievements, as well as with the new programming concepts that they 
will learn. Finally, 90% of the participants would recommend this game to colleagues 
and students.

Fun. The participants agree (median 1) that students will be entertained by the user 
friendly interface, the cheerful tone of music and the interesting script.

Focused attention. The fifth category of questions refers to students’ focused atten-
tion. Participants agree (median 1) that the good game design will capture the student’s 
attention at startup and thus the student will lose track of time. However, opinions 
contradict (median 0) on whether the game will be able to absorb the player to such an 
extent that s/he will forget his/her surrounding as s/he plays.

Relevance. The sixth category presents the results of the evaluation concerning the 
relevance of the educational material to the IT field. According to Fig. 7, the content 
of the game is related to programming (40% agree, 50% strongly agree) and students’ 
interests in school (40% agree, 30% strongly agree). In addition the teachers argue that 
BlocklyScript is an adequate method of learning the basic concepts of programming 
(80% agree or strongly agree) and that they would prefer to use this game versus a 
textbook to teach their students (median 1).

Perceived Learning. The last category of Fig. 7 presents the questions related to the 
expected learning outcomes. All the participants agree or strongly agree (60% agree, 
40% strongly agree) that the game will help students to comprehend easily the basic 
concepts of CT. In addition, 90% believe that students will learn new programming 
concepts that will be useful enough to develop their CT. However, there is some doubt 
(median 0) as to whether the students will devote the necessary time to read the theory 
and the area of debugging and to easily identify the errors between the interconnected 
blocks. Finally, the results regarding the usefulness of the help tips and advices con-
tained in the debugging area are positive. Specifically, over 90% of the participants 
agree or strongly agree that the tips provided in the debugging area will help students 
to understand their mistakes, recover from them and improve the quality of their al-
gorithm.
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6. Limitations

The main goal of the presented study was to investigate teachers’ perceptions on the 
usability and user experience of the proposed EG targeted to teaching and learning 
programming and CT to young students. This was deemed necessary in order to vali-
date the design of BlocklyScript and making the necessary revisions prior its usage 
by young students. Although the teachers that play-tested BlocklyScript and evaluated 
it had all experience in utilizing EGs in the classroom and moreover half of them on 
designing and/or customizing existing games, their number (ten participants) was small 
and this is a limitation of the study. However, their positive evaluation and the feedback 
provided us more confidence in making available the game to interested teachers and 
researchers for carrying out a study on utilizing the game with young students. Such a 
study is necessary for drawing safe conclusions about the potential educational value of 
BlocklyScript and the validation of the design decisions taken. 

7. Discussion

Regarding the teachers’ perceptions on the usability and user experience of Blockly-
Script (research question), the results of the pilot evaluation by ten IT teachers of 
primary and secondary schools were promising. Specifically, the questions related to 
confidence, challenge, satisfaction, fun and relevance of the EG captured teachers’ 
positive attention (median 1 – agree). In addition the questions related to usability 
indicate that the game design is attractive, colors are meaningful and it is expected to 
support students’ progress by providing useful tips when getting stuck. Finally, based 
on teachers’ perceptions, students are expected to easily understand the basic concepts 
of CT (60% agree, 40% strongly agree) by playing BlocklyScript which is the primary 
aim of this game. Similar favorable results were indicated in a research for the effec-
tiveness of MiniColon for cultivating CT and programming skills to children (Ayman 
et al., 2018).

However there are some aspects of the EG that raised doubts between the teachers. 
Those grey areas (median 0 – indifferent) of the evaluation combined with the teachers’ 
open-ended comments could be taken under consideration to improve the overall quality 
of BlocklyScript as an educational tool. It’s worth mentioning that two of the comments 
have been implemented right after the evaluation of the first version of the game. The 
first comment noted that the game should be translated to Greek (authors’ native lan-
guage) to help young students comprehend with ease the basic programming concepts. 
The second comment was affiliated with the redesigning of the game’s last level in order 
to provide the user with a feeling of achievement and associate it with the final goal of 
the game’s scenario.

In addition a teacher suggested adding hints at every step of the designing phase of 
the algorithms at each level instead of running and resetting the game, which currently 
results in losing some points. This comment is associated with the uncertainty of the 
teachers about the capability of the students to detect and correct mistakes between the 



C. Karakasis, S. Xinogalos664

interlocking blocks (median 0). A step by step execution of the designed algorithms 
could also be implemented in a future version to allow users understand exactly the 
block that is being executed at a certain time and help them identify their mistakes (Gi-
annakoulas & Xinogalos, 2019). Explanatory visualization, that is explanatory messages 
in natural language for each step during execution could further support students in com-
prehending the semantics of the statements and debugging their programs (Xinogalos 
et al, 2006). 

Furthermore teachers were concerned whether young students will dedicate time to 
read the theory and the program output information (hints, analysis of the program out-
put). By using pop out messages and introductory short length videos the EG could draw 
students’ attention and diminish the time spent on reading. This approach has been used 
by most of the games – specifically Minerva, Code Combat, Hour of Code: Minecraft, 
and Rapid Router – presented in section 2 (Danks et al., 2019; Du et al., 2016, 2018; 
Lindberg & Laine, 2018). “Hour of Code: Minecraft” also includes introductory videos 
from celebrities, such as Bill Gates, in order to inspire the students and highlight the 
importance of coding in their lives. 

Finally teachers argue whether the game could immerse students to a point of forget-
ting their immediate surroundings. ”This may be due to the fact that students of this age 
(primary school students), who have the experience of modern digital entertainment 
games with 3D graphics and impressive effects, may have more expectations from an 
educational game in this field” (Giannakoulas and Xinogalos, 2018, p. 21). For this 
reason more time could be devoted to design appealing graphics and select better sound 
effects and background music, as well as enhancing the game mechanics. 

8. Conclusion

In this article the rationale of the design, as well as the results of a pilot evaluation of 
the EG BlocklyScript that aims to teach programming concepts and cultivate CT skills 
to young students was presented. The integration of visual programming with the help 
of Blockly in the game intends to make it easier for players to learn how to use the game 
and to understand the concepts presented per level more easily. By using the blocks, 
users can directly apply the theory they read and collect starts, defeat aliens and avoid 
obstacles. So at every level of the game, users face new challenges and are expected 
to keep their interest undiminished. In contrast with most of the existing games of this 
kind, students do not have just to guide their avatar to follow a path for reaching a spe-
cific point, but they have to fight with enemies, avoid obstacles, recognize patterns and 
guide their avatar efficiently through the platforms in each level in order to provide the 
optimum solution and be rewarded.

Based on the results of the pilot evaluation by experienced IT teachers, Blockly-
Script is considered to be a reliable tool for developing CT skills to young students. 
Moreover, based on the results of the pilot study the main design decisions that were 
guided by the model proposed by Ibrahim and Jaafar (2009) seem to be validated. 
Although the number of participants was small some interesting pedagogical implica-
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tions were recorded. The three virtues of EG reported by Rebah (2019), which are the 
intrinsic motivation of learners, situated learning and learning from mistakes seem to 
be valid for BlocklyScript that is expected to raise students’ confidence and satisfac-
tion, entertain them through challenging tasks and motivate them to learn through 
playing. However, it must be noted that extra care should be taken in the case that the 
game will be used for self-learning outside of the classroom. Although BlocklyScript 
incorporates the necessary theory, as well as an analysis of a program’s output and 
hints for correcting or even improving its quality, the participants raised doubts as to 
whether young students will devote time in studying and comprehending this informa-
tion. So, if this or similar games are going to be used for self-learning, the educational 
content should probably be presented in a more interactive way (for example through 
video tutorials, some kind of animation or pop-up messages) in order to attract stu-
dents’ attention. In the case of using the EG inside the classroom the teacher could talk 
with the students regarding the educational material presented at the beginning of each 
level of the game in order to make sure that they have comprehended the underlying 
programming and/or CT concepts. This should be followed by a debriefing session 
(Crookall, 2010) in class – after trying out to solve each level – in order to comment 
on the feedback provided during the debugging process, assist students in using this 
feedback for correcting their programs and ultimately helping them to adopt a system-
atic debugging strategy. 

Of course, in order to draw safe conclusions regarding the validity of the aforemen-
tioned pedagogical implications and the quality of the game, it has to be evaluated by a 
larger group of teachers and by the students themselves and also its educational value 
has to be thoroughly investigated. Finally, based on this study some interesting impli-
cations to practitioners and researchers, as well as suggestions for further research are 
presented in the following sections.

9. Implications to Researchers and Practitioners

EGs are an alternative way of educating people and especially young students. The main 
purpose of each EG is to present to the user some concepts related to a particular scien-
tific field in a simple and entertaining way. Moreover the concept of “play” is familiar 
to young students and its combination with education is more attractive to their interest 
than a traditional book. In addition, EGs enhance users’ self-learning by providing all 
the necessary tools that they will need in order to learn how to use it and comprehend the 
theory of a particular scientific field.

The fact that EGs promote self-learning provides great opportunities for educating 
students that cannot attend school due to various reasons, such as the extraordinary 
situation that the world is facing due to the COVID-19 pandemic. In such cases, dis-
tance learning either synchronously or asynchronously is the only solution for keeping 
students in touch with their school, teachers and schoolmates that is necessary not only 
for their education but their well-being as well. UNESCO (2020) has highlighted the 
importance of distance learning in the era of COVID-19. 
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A game like BlocklyScript that supports the creation of student accounts gives the 
chance to students to learn programming concepts and acquire CT skills in a playful way, 
at their own pace from the leisure of their homes. Moreover, storing students’ achieve-
ments and difficulties during game-play in a data base, provides teachers with a clear 
picture of students’ progress. Data such as tasks accomplished, quality of solution, hints 
retrieved and problems encountered are invaluable tools at the hands of the teacher in 
order to support students in learning programming (Malliarakis et al., 2014b). It is im-
portant for teachers to invest time for getting familiar with and utilizing appropriate EGs 
for supporting the teaching and learning of programming not only in the extraordinary 
situation of COVID-19 but also for in classroom use and home assignments as proposed 
by Giannakoulas and Xinogalos (2018). Moreover, it would be interesting for research-
ers to: comparatively analyze existing EGs for their readiness in supporting the distance 
education of programming and making informed suggestions to the community; studying 
the effects of utilizing a game like BlocklyScript in a distance learning situation and pro-
viding guidelines for a successful usage out of the typical classroom. There are not many 
empirical studies on the effects of EGs on teaching and learning programming to and by 
young students in general (Giannakoulas and Xinogalos, 2020), while such studies in a 
distance learning mode do not exist to the best of our knowledge.

When it comes to designing EGs for programming and CT, our experience has shown 
that utilizing a specialized EG design framework, such as the one proposed by Ibrahim 
and Jaafar (2009), can provide guidance in effectively designing the game especially in 
the case that it is not designed by a big team consisting of experts on education, story-
telling, game design and graphics. Moreover, a pilot evaluation of the game based on 
play-testing by experienced teachers and a survey based on an established model, such as 
the MEEGA+ model (Petri et al., 2018), can provide insights on the quality of the game.

10. Suggestions for Future Research

The suggestions for future research are several. The most important ones include a study 
with young students as mentioned in the section on the limitations of the current study. 
Moreover, it would be interesting to investigate the effectiveness of BlocklyScript and 
other similar EGs on a distance education situation. Currently, the COVID-19 pandemic 
demanded moving from face-to-face teaching to a distance education model. Although, 
higher education institutions were more ready for supporting distance learning, primary 
and secondary schools faced a great challenge. Although EGs support self-learning, uti-
lizing them as distance education tools for teaching programming to young students has 
to be thoroughly investigated in order to provide best practices.

Regarding the design and the features of BlocklyScript several extensions could be 
made based on the results of its pilot evaluation. The most important ones were pre-
sented in the Discussion section, while its usage in distance education settings would 
demand even more extensions, such as support for learning analytics and an enhanced 
dashboard for the teacher in order to monitor students’ progress (Giannakoulas and Xi-
nogalos, 2020; Malliarakis et al., 2014b).
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