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Abstract—This paper presents a web system to generate programming 
games for primary school children, with the objective to teach basic program-
ming concepts. It also reviews five existing games with the same purpose, 
which use either block-based or text-based programming languages. A compar-
ative analysis of the games is provided, based on some important features, such 
as the presence of a levels map, the use of a block or text language, the presence 
of a result screen, the presentation of the shortest and previous solutions, among 
others. The web system is divided into two main parts: the game generator that 
is used by teachers to create new programming games, and the programming 
games themselves that are played by students. 

Keywords—programming game, primary school children, basic programming 
concepts, block-based language, educational technology 

1 Introduction 

In recent years, programming has become part of the curricular content of many 
schools at various levels. It is common to question the usefulness of learning pro-
gramming, but one of the main reasons is that, although the knowledge acquired is 
probably not of practical use, as in many other fields, its utility lies in increasing and 
enriching the student's perspective [1]. On the other hand, the way programming is 
taught is a factor to take into consideration when observing the performance results of 
students. The difference between teaching programming using a visual programming 
language and a text-based programming language is important, since it affects the 
way in which a student understands the subject [2]. 

The work proposed in this paper is a system that generates personalized program-
ming games, the objective of which is to teach basic programming concepts to prima-
ry school students. The rest of the paper is organized as follows. Section 2 provides 
the justification to develop the web generator of programming games. The theoretical 
framework is presented in Section 3, along with various approaches that have used 
similar systems, and the results that were obtained in studies conducted around the 
world. Section 4 presents an analysis and comparison of the features of some existing 
similar systems, including the proposed system. Section 5 describes the proposed 
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system, along with some preliminary interfaces. Finally, conclusions and future work 
are presented in section 6. 

2 Justification 

The constant role that technology plays today in our lives and in education is unde-
niable. According to the National Survey on Availability and Use of Information 
Technologies in Households (ENDUTIH) [3], in 2018 there were more than fifty 
million Mexicans with Internet access, who represented more than half of the popula-
tion with six or more years old. Furthermore, one of their main activities was to 
search and obtain information from the Internet; it was also found that more than fifty 
million Mexicans used a computer. For these reasons it is important to know how to 
take advantage of these technological tools and the scope they have from an early age. 

Learning programming can be intimidating and, especially, if the way of teaching 
the subject is not suitable. It is common to observe in university students taking pro-
gramming courses failing and withdrawing, because they consider the subject difficult 
[4]. Despite this, learning programming has many benefits. According to an analysis 
[5] carried out with quantitative data obtained from sixty-five studies about the effects 
of programming and its cognitive results, it was shown that those students with pro-
gramming experience obtained better scores in tests of cognitive skills compared to 
those who had no such experience. 

Using computer tools in a classroom to support teaching have different effects on 
students. Compared to other traditional methods, computer tools make them motivate 
and participate, making the process attractive and dynamic. Furthermore, it offers an 
immediate feedback factor, since the student observes his progress instantly [6]. Pre-
viously, the use of visual programming languages in teaching and its benefits had 
been mentioned, compared to the use of text-based ones. An example is the block-
based programming, which is quite popular for introductory programming teaching. 
Its advantages are that the blocks simplify concepts and depend purely on visual 
recognition, compared to other text-based languages that make learning difficult due 
to other cognitive aspects [7]. 

Given the above, the proposed system will be capable of offering an environment 
to support the teaching of basic programming concepts, through programming games. 
The target of the system is focused on elementary school students, but a teenager or 
even an adult can use it and learn. 

3 Theoretical framework 

There have been some reasons in previous sections that explain the need of creat-
ing a system that uses a block-based programming language for learning program-
ming. The use of computers as a means to carry out learning activities is something 
that occurs in schools at all levels. Its incorporation into the educational system al-
lows teachers to teach and students to learn in ways that were not possible years ago. 
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However, the use of a computer does not always mean real and quality learning. 
Many times, students of all levels are subject to moments of frustration and discour-
agement because the way they are supposed to learn is complicated and boring, result-
ing in a poor learning experience and sometimes leading to abandon their studies 
completely. This is the case with programming learning. According to the results of a 
preliminary study of university students in Scotland [8] where they were asked to 
mention a subject that was difficult for them and explain what strategies they had 
used to tackle it, it was found that half of them only used Google as strategy to solve 
their problems and nothing else. In addition, it was found that many of them did not 
understand the relationship of that difficult topic with the rest of the subject, others 
believed that understanding it did not help them much to understand other topics. This 
means that the students' problem solving skills were actually very poor, as they only 
concentrated on finding the solution in the quickest and easiest possible way. Fur-
thermore, they lacked of perspective due to their inability to relate concepts from 
different programming topics. The solution to avoid that the students have problems 
when learning programming is perhaps to start teaching it when they are little and 
with a variety of approaches and strategies. 

Over the years, studies have been conducted on the impact and effects of learning 
programming in children and youth. In 2008, a study [9] was carried out on young 
people between eight and eighteen years old belonging to a Computer Clubhouse 
using the Scratch block-based visual programming language. The study claims that 
Scratch became quite popular with young people, who learned basics of programming 
in a fun way by creating videos and games, with very spontaneous help from their 
mentors. An analysis of 425 projects was also carried out to understand what concepts 
they were learning, among which cycles and interactions with the user stood out. 

The previous study shows that using a new and different approach can be benefi-
cial and even entertaining. However, it should also be noted that not everyone has the 
same problem-solving skills. Some people may find it easier to learn programming 
with traditional methods, and others may require other special strategies. How to 
know what tool to use to teach what type of student? How is the strategy related to the 
student's emotions? This is why it is important to understand the differences and ef-
fects between learning programming using a block-based programming language and 
a text-based programming language as an introductory language to programming, as 
they are quite noticeable. 

According to research carried out in Croatia [10] on fifty students of fifth grade 
from two primary schools without previous programming experience and with differ-
ent levels of problem solving skills, interesting results were found regarding the un-
derstanding of programming concepts using the Python programming language and 
Scratch. The research mentions that those students with better problem solving skills 
performed better on tests with Python than those with an intermediate ability. Howev-
er, in the Scratch results, these two groups of students performed quite similarly. 
Intermediate-level students were also compared with low-level students, and the result 
was that intermediate-level students performed better in both Python and Scratch, 
indicating that low-level students had programming problems with both approaches. 
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The research found that more than half of the students liked using Scratch much more 
and even their opinion improved regarding programming. 

In addition to improving learning, the approach used can also tackle common prob-
lems in learning and problem solving, while the student learns. It is even possible to 
use hybrid approaches that make use of both digital technologies and traditional mate-
rials such as paper and colors. According to preliminary research [11] carried out in 
Croatia, it was proposed an approach designed to teach basic programming concepts 
to primary school children with problems such as difficulty concentrating, as well as 
the lack of problem solving strategies. The idea proposed by the research was to use a 
game and a simple problem of navigating a robot through a maze to find a prize, hid-
ing the learning process. The approach consisted of using colored cards, which simu-
lated the directions in which the robot could move through the maze. Then they used 
a tool called NetLogo, which is an integrated development environment for modeling, 
to simulate an environment similar to the one in the previous game. The objective of 
this was to link the two approaches and that the knowledge obtained with the color 
cards approach would help them solve the same problem, but with the NetLogo ap-
proach. The study concluded that children liked the activity and that only one solution 
created in NetLogo was incorrect among all the solutions, indicating the success of 
this approach using NetLogo. 

This is where you find a learning approach that uses a very important factor: a 
game. Learning based on games and specifically on computer games is an approach 
that according to a comparative evaluation with traditional approaches [12], it does 
achieve that students have better retention and increased motivation, although in this 
particular case does not achieve better learning results. Motivation is key in learning; 
if students are motivated, they will have enough reasons to improve and expand their 
knowledge about what motivates them. In a study [13] focused on the IBM Robocode 
game, which is a programming game that simulates battles between robots, and con-
ducted on the Robocode online community, it was found that more than half of the 
participants reported improvements in their programming skills when using such a 
game. Participants whose age ranges from youth to adults were also found to enjoy 
playing Robocode; one of the reasons they played it was because they found it fun. In 
another study [14] conducted on forty-two preschool children whose age ranged be-
tween five and a half to seven years old, and focused on an educational environment 
called PiktoMir, which, unlike other similar games, focuses on introducing a few 
basic programming concepts, it was found that although five of the seven children 
under the age of six did not pass the test, the majority did it. The study concludes that 
although some children disliked the similarity of the tasks to be performed at Pik-
toMir, half of the children wanted to continue playing and most of them found it fun.  

There have been some other initiatives and studies in similar directions. For exam-
ple, there was an initiative carried out in a workshop [15] for middle to high school 
students, which was aimed to increase the proportion of women in computer science 
by using robots. The workshop introduced programming concepts for robotic applica-
tions, through a presentation with some programming code in Python. The prelimi-
nary evaluation of the workshop showed that it greatly motivated students for learning 
programming concepts. There was also an experiment [16] carried out with sCool, 
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which is a multiplatform game that encourages children learning computational think-
ing and coding in Python. In the experiment, the students learn a given concept and 
they have to apply it in a practical task; two student groups participated in a formal 
learning activity; the study showed that the students are interested in learning to code 
but they have problems to transfer the learned content to similar fields. Another study 
[17] focused on exploring the potential merits of introducing concurrent programming 
concepts early in the learning process. The results of the study indicated that un-
initiated to programming students at the age of ten years old were able to understand 
basic concurrency topics, while students at the age of eleven years old with some 
programming familiarity were able to understand more advanced concepts. 

There are many approaches and factors that can be used; however, the constant of 
the visual factor can be found, which is of great importance when learning program-
ming. It is common to be bombarded with presentations and books with lots of text 
and little visual material. However, it is important to know that there are other ways to 
learn and much more important to know that they work. It is also important to under-
stand that the problem does not only lie in the type of material with which it is taught, 
but also in the students' abilities to solve problems. 

4 Existing tools 

In this section five different tools are analyzed, which share the main objective of 
teaching programming concepts, both to children and young people. They are availa-
ble for mobile devices, desktop computers and laptops. Some of them use a block-
based programming language and others use a text-based programming language. A 
comparative analysis of the tools is also provided at the end of the section. 

4.1 Code combat 

It is a game [18] that can be played through a web browser; it is for students older 
than nine years old, where they can learn to program in the Python and JavaScript 
programming languages. It has a classroom mode, where teacher and student can 
register in order to monitor progress. It is also possible to register with an individual 
account or play without registration. In order to access all the available content, the 
student needs to subscribe. It is possible to change the language between more than 
thirty different languages. When starting the game, the student is asked to create a 
character, as well as to choose the programming language to use; it is possible to 
change these settings later, according to the student's needs. Once the character is 
created, the student can start to access different levels, categorized by the type of 
content to learn. Selecting a level displays all the corresponding available missions. 
Clicking on one of the missions, the student can read the name of the mission, a de-
scription of the objective, the content to learn, a button to review the scores and a 
button to play. When playing the mission, the student can give objects to the character 
in order to grant her abilities (programming commands). Figure 1 shows the game in 
action; on the right side of the interface, there is a small editor where it is possible to 
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add, delete, edit and execute programming commands. The game is shown on the left 
side of the interface, where the code is executed. Once the objective of the mission is 
completed, the results are displayed on the screen. 

 
Fig. 1. Interface with the Code Combat game in action 

The impact of Code Combat in schools is notorious. An example is that of technol-
ogy teacher Scott Baily [19], who created the only coding class at Bobby Duke Mid-
dle School. The teacher began working with one hundred and eighty students of sev-
enth and eighth grades. With Code Combat, Scott covers four Computer Science 
courses where students learn concepts like decision statements, functions, boolean 
logic, and more. Since they started using this tool, the students of this school had 
written 54,777 computer programs, 839,326 lines of code, and had carried out 613 
network and game projects. 

4.2 Coding adventure 

It is a programming learning system [20] based on the CoffeScript programming 
language; it is focused on children eight years of age and older, which is part of the 
Code Monkey teaching platform. In order to access the platform, the user needs to 
subscribe; however, there is a thirty-day trial period for teachers and students, and 
fourteen days for other people. This system is available in more than twenty lan-
guages. The start screen of Coding Adventure shows a set of activities; when the 
student selects an activity, the game begins, as it is shown in Figure 2. There is an 
editor on the right side of the interface, where the student can write commands that 
the character will perform. On the left side of the interface there is the graphic part, 
which will reflect the executed code. Once the objective has been achieved, the results 
are displayed on screen. It is possible to select the level to play through a map, which 
indicates the number of levels, as well as the objectives to be achieved. 
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Fig. 2. Interface with the Code Adventure game in action 

Regarding the impact that Coding Adventure has had as part of the Code Monkey 
platform, there is a case study [21] carried out by the academic integration specialist 
Kristen Fudale, who was looking for a way to teach elementary school children to 
code, and she found the solution on this platform. The specialist mentions that her 
students had fun solving the codes, working in pairs and using problem solving skills, 
critical thinking, among others; all these activities were carried out by her students 
while they saw them as a simple game. 

4.3 Lighbot 

It is a puzzle game [22] for children aged four and older that uses a block-based 
programming language; it is available on the App Store, Google Play, and Amazon. 
Lightbot has a menu, which focuses on learning a certain programming concept. 
Choosing a level, the student can select the mission to complete. Figure 3 shows the 
Lightbot game screen, which is divided into two parts: on the right side there is a box 
where blocks must be placed, which act as instructions (advance, rotate, turn on 
light); on the left side there is the graphic part, where the executed set of blocks will 
be reflected. 

Once the set of blocks is executed and the goal is reached, the student can advance 
to the next mission. According to reviews of teachers and students of the Common 
Sense web site, Lightbot is widely used in schools. A teacher of the Eastside Elemen-
tary School shows an example of the use of Lightbot, where she introduced this game 
to her fifth grade students, who understood basic programming concepts such as algo-
rithms and loops. Those same students visited their fourth grade peers during the 
Hour of Code, which is an international event focused on teaching and introducing 
Computer Science to students from around the world, in order to guide them as they 
had more experience [23]. 
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Fig. 3. Interface with the Lightbot game in action 

4.4 Code karts 

It is a puzzle game [24] for children aged four and older, where the goal is to get a 
small car to cross the finish line using block instructions. Figure 4 shows the interface 
of the game; the left side has a box with the set of instruction blocks that can be used 
to reach the objective, while on the upper side there is a box where the blocks must be 
placed in order to be executed.  

 
Fig. 4. Interface with the Code Karts game in action 

In the rest of the interface, the car can be seen at the start line, the path it can take 
and the finish line. If the car crashes due to an incorrect instruction block, it loses a 
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life which reduces the final performance rating. Once the level objective is achieved, 
the screen with the performance result is displayed. 

4.5 Spritebox 

It is an adventure game [25] for all ages, in which obstacles are overcome by cod-
ing either with blocks or by writing commands with the Swift or Java programming 
languages, in order to learn programming concepts such as sequencing, parameters, 
cycles, among others. It is possible to choose English or Portuguese as the language, 
the features of the character and the type of programming language with which the 
obstacles will be solved.  

Figure 5 shows the interface of the game in action, with a student solving the ob-
stacles with blocks; the right side of the interface shows the blocks that can be used 
(up, left, right, down); and the left side of the interface shows the game with some 
empty boxes, in which the student has to place the blocks. 

 
Fig. 5.  Interface with the Spritebox game in action 

4.6 Comparison table 

This section provides an explanation of important features found after analyzing 
the previously presented tools, as well as the features that the proposed system is 
expected to have. Table 1 shows a comparison of these features. The tools shown in 
Table 1 are the following: T1) Code Combat; T2) Coding Adventure; T3) Lightbot; 
T4) Code Karts; T5) Spritebox; and T6) The proposed system. The tick indicates that 
the tool has the feature, while the cross indicates that the tool does not have it. 
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Table 1.  Features of the analyzed tools and the one proposed 

Feature T1 T2 T3 T4 T5 T6 
Administrator mode       
Map of levels       
Target window       
Block and text       
Help button       
Reset button       
RPG elements       
Result screen       
Shortest solution       
Previous solution       
Language selection       
Sounds       

 
Administrator mode. This feature is essential given the nature and objective of the 

proposed system. It allows the creation of levels at a visual and logical form, through 
an editor whose interface must be suitable to be used by a teacher. 

Map of levels. This feature is considered important for the proposed system be-
cause it allows a good visualization and navigation of levels. 

Target window. It is considered essential for the system, since the instructions are a 
fundamental part of solving a problem. 

Block and text. This hybrid feature is interesting, as it aims to establish a relation-
ship between the visual aspect and the text aspect. However, this feature is not con-
sidered for the proposed system because it is not taking into account the learning of a 
text-based programming language. 

Help button. This feature is essential because it is not only found in all the tools re-
viewed, but also provides the necessary support so that the student can complete the 
objective and have a good user experience. 

Reset button. It is essential since the student must be given the option to start again 
from the beginning at the same level if desired, without having to navigate between 
screens to find it again. 

RPG elements. This term is quite broad, since even those tools that have this fea-
ture implement it differently. The main RPG element to be implemented in the pro-
posed system is the character selection, in order to add some visual variety. 

Result screen. This feature is considered important for the system because it helps 
the student to visualize his performance in the corresponding level. 

Shortest solution. It is considered for the proposed system because it offers a learn-
ing factor. It shows the student the shortest solution for the given problem.  

Previous solution. This feature is not considered for the system, since it was only 
found in one tool and did not contribute much to the user experience. 

Language selection. It is not considered for the proposed system because it will on-
ly be available (for the moment and for the project purposes) in Spanish, since the 
demographic objective of the assessment tests are Mexican primary school students. 
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Sound. This feature is considered for the system, since it improves the user experi-
ence and allows creating a relationship between the sound and the action that takes 
place on the screen. 

A more general review and comparison of educational games designed for teaching 
computer programming and computational logic can be found in [26]. Another review 
of emerging technologies in education is carried out in [27]. 

5 Proposed web system 

This section presents the proposed web system, which is divided into two parts: the 
game generator that corresponds to the teacher part and the game itself that corre-
sponds to the student part. 

5.1 Game generator 

The proposed generator has an interface through which the teacher can create and 
save custom boards and generate the necessary elements for its execution. The gen-
erator has the following modules for its correct operation. 

Visualization of menu. This module corresponds to the initial interface of the gen-
erator. It has links to access all the features of the generator. 

Creation of new game. This module corresponds to the creation of a new game. It 
allows the teacher to choose the number of boards that will be part of the game. 

Creation of generic board. This module corresponds to the initial creation of the 
board. A logical representation of the board has to be created using a matrix that al-
lows to allocate elements in their corresponding boxes; it is displayed at the time of 
editing. It allows the teacher to choose the basic features of the board, such as size 
and starting point. 

Visualization of editor. This module corresponds to the visualization of the editor. 
It contains all the visual aspects required to create a playable board. 

Logical board. This module corresponds to the logical result of the editor. The 
changes carried out in the editor are updated and saved in the previously created ge-
neric board. 

Drag and drop board game elements. This module corresponds to the board edi-
tion and arrangement of elements. It allows to drag and drop elements on the board, 
such as obstacles and objectives. 

Creation of the shortest solution. This module corresponds to the design of the 
shortest solution proposed manually by the teacher. 

Board storage. This module corresponds to a small system that saves logical states 
that represent the board, in order to be able to regenerate it in the future if desired. 

Generation of files. This module corresponds to the generation of files correspond-
ing to the created game. 

108 http://www.i-jep.org



Paper—Towards a Web Generator of Programming Games for Primary School Children 

5.2 Game 

The game has an interface that allows students to have access to the boards created 
by the teacher in the generator. The game has the following modules. 

Visualization of start screen. This module corresponds to the main screen of the 
game. It has a link to the level selection screen. 

Visualization and selection of levels. This module corresponds to the levels screen. 
Each level corresponds to a board and has a link to allow access to that board. In addi-
tion, it indicates whether the shortest solution has been achieved at each level. 

Character selection. This module corresponds to a character selection interface. It 
allows the student to select a character from those that are available and that is re-
flected when playing a level. 

Logical representation of the board. This module allows creating a sample board 
to carry out tests. A matrix is used to allow elements to be placed in their boxes. 

Visual representation of the board. This module corresponds to the process of vis-
ually representing the previously generated board. The appearance of the board re-
flects the logical design of the board. 

Drag and drop blocks. This module corresponds to the interaction with the blocks 
in the resource box. It allows to drag blocks and drop them in the boxes. 

Logical execution. This module corresponds to the process of going through all the 
blocks of the execution box to determine the behavior of the character. It allows 
communication with the visual execution module to reflect the visual change on the 
board in real time. 

Visual execution. This module corresponds to the visual representation of the exe-
cution of blocks. It has contact with the logical execution module to know how it 
should behave visually. 

Restart the board. This module corresponds to the complete reset of the board. It 
loads the initial logic state and continue the game normally. 

Verification of game status. This module allows verifying if the objective of the 
level has been accomplished. It goes through all the boxes on the board to determine 
if there are still targets to meet. 

Verification of shortest solution. This module allows verifying if the solution used 
is the shortest solution proposed by the teacher. It compares both logical sequences in 
order to determine this. 

Visualization of the result screen. This module corresponds to the visualization of 
the result after successfully completing a level. It provides links to repeat the level or 
advance to the next, as well as show whether or not the shortest solution was reached. 

Manipulation of sound. This module allows to enable or disable the sound effects 
of the game according to the user's preference. 

5.3 Interface prototypes 

The design of the web system interface was represented thorough prototypes, 
which were created with the web tool NinjaMock [28]. The prototypes allowed great-
er clarity to develop the functionality of the system. The left side of Figure 6 shows 
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the interface with the levels available, as well as the performance obtained in each of 
them. The right side of Figure 6 shows the interface to select the character that repre-
sents the player in the game. 

  
Fig. 6.  Interface prototype to select the level and character to play a game 

The left side of Figure 7 shows the game in progress. The objective is to make the 
character collect all the objectives, in this case acorns, to complete the level. This is 
done by entering block commands and executing them to control the behavior of the 
character. The right side of Figure 7 shows a small window that notifies that the level 
has been completed, as well as the performance achieved, and the option to continue 
to the next level. 

  
Fig. 7.  Interface prototype with the game in progress 

5.4 Preliminary game interface 

Figure 8 shows the preliminary interface of the game. On the left side of the inter-
face the board is shown, where there are different elements on it: the rabbit, which is 
the character that will be moving along the board; the objectives, which are the car-
rots; the obstacles, which are the holes; and the rest of the boxes have grass. The right 
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side of the interface contains the commands panel with the following actions: walk, 
jump, turn right, turn left, cycle and function. These commands can be dragged and 
dropped on the execution panel below the board, in order to determine the sequence 
of actions that the rabbit should follow in order to eat all the carrots on the board.  

 
Fig. 8.  Preliminary game interface with a board and commands to be executed 

The function panel located below the commands panel, allows to create a function, 
which is a sequence of commands that can be used as a whole in the execution panel. 
It should be noticed that the execution panel shown in Figure 8 has five actions to be 
executed: jump, turn right, walk, jump and turn right.  

The green button next to the board makes the rabbit to execute the sequence of ac-
tions specified in the execution panel. A correct sequence of actions will make the 
rabbit to eat all the carrots on the board, and avoid the obstacles. The system will 
show a result screen showing the shortest solution to that specific board.  

6 Conclusions and future work 

This paper presented a web system to generate programming games for primary 
school children, with the objective to teach basic programming concepts. The web 
system is divided into two main parts: the game generator that is used by teachers to 
create new programming games, and the programming games themselves that are 
played by students. The modules of each part were described, some interface proto-
types were shown, as well as the preliminary game interface. 

It was carried out a comparative analysis of five existing games with the same pur-
pose, which use either block-based or text-based programming languages. The most 
relevant features were highlighted, such as the presence of a levels map, the use of a 
block or text language, the presence of a result screen, the presentation of the shortest 
and previous solutions, among others. 

Further work is needed to complete the development of the web system in both 
parts: the game generator and the visualization of games. The web system will be 

iJEP ‒ Vol. 12, No. 4, 2022 111



Paper—Towards a Web Generator of Programming Games for Primary School Children 

evaluated by teachers and students in three aspects: functionality, usability, design 
and didactic features. It is also planned to put the system on a web server so that 
teachers and students can use it. 

Finally, it should be noticed that there have been other initiatives to support the 
teaching-learning process of computer programming at different levels, such as a web 
application that shows the execution of a program through a graphic visualization 
[29], a web application to create flowcharts [30], and a set of learning objects to sup-
port structured programming undergraduate courses [31]. 
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