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1. DEPLOYMENT OF SERIOUS GAMES FOR LEARNING

PROGRAMMING

1.1. Serious Games

Since their apparition on the consumer market less than 50 years ago, computer games
have slowly but steadily become a crucial element in our social and cultural environment [1,
2]. The purpose of playing video games already extends beyond their traditional
entertainment value and they have been used in many different contexts, like the medical
field (e.g. as a tool for repairing social link) or the military sphere (e.g. as a recruiting tool).
One of the most common and ever increasing use of video games happens in the field of
education, as a learning tool providing significant benefits to all stakeholders in the
classroom context and outside of it. It promotes interaction from students with complex,
risk-free, skill-demanding practices, it increases motivation and engagement, while at the
same time strengthening psychomotor skills, enhancing knowledge retention and decision-

making skills, and providing opportunities for repeated practice and immediate feedback

[3].

The benefits and usage of playing in the framework of learning predates the invention of
video games but the ubiquitous presence of computers in all aspects of our current society
has bolstered the apparition and development of a dedicated branch of video games
dedicated to be used in an educational setting, called serious games. Although the exact
borders between commercial computer games and serious games is sometimes fuzzy and
the video game landscape of genre and definitions is always ever changing, some formal
descriptions of what serious games are exactly have been put forward. One stipulates that
serious games can be defined as games “...that do not have entertainment, enjoyment or
fun as their primary purpose” [4]. Another definition can be that serious games are “a
mental contest, played with a computer in accordance with specific rules, that uses
entertainment to further government or corporate training, education, health, public policy,

and strategic communication objectives” [5].

Building on the core principles the design of commercial video games has laid down through

decades of iterations, serious games aim at extracting components that make gaming



(C) CODING4GIRLS

Co-funded by the
s Erasmus+ Programme
@.@2018-1-S|01-KA201-047013 of the European Union
[ §

appealing, and combine these with the desired information and knowledge to be
transmitted to the user, creating an interactive source for learning that, in turn, motivate
each user to extend their own knowledge and deepen their study in a challenging, fun and

instant approach [6].

As a study by Freitas et al. [7] concluded, serious games are an advantageous tool in a
teacher’s toolbox in the sense that they allow for the creation of content for the purpose of

adapted, specific and tailored learning without taking any of the fun out of it.



1.2. Current Trends in Serious Games for Learning Programming

As is it a vast subject that can be tackled in many different fashions, there exist a wide
variety of approaches for teaching programming to novice coders. It can be done for
example through programming exercises based on visual programming languages. Such
languages are especially user friendly as they are both easy to operate (on a drag-and-drop
basis) and present content in a very intuitive fashion. Furthermore, object oriented
programming is by essence much more easy to introduce and teach in such an environment.
Scratch [8, 9], Snap! [10, 11], or Alice 2/3 [12], among others are famous and successful

visual programming languages.

Computer games can also be used to teach coding, either by encouraging students to
develop and create their very own video games or by allowing them to play serious games

whose learning outcomes encompass learning outcomes related to programming.

Students can also create their own basic games through those block-based environments.
These drag and drop environments are useful, as they avoid errors regarding syntax and
logic [13]. In a study that compared using the Scratch (visual based programming) and
Pascal (command line or GUI based programming) coding environment with novice
programmers, they found that learners were more motivated to continue their studies in
computer sciences when using Scratch [13]. The study also found that the creation of games
and stories makes learners more creative and autonomous while learning programming

[13].

The idea behind using serious games to teach programming comes from the fact that these,
by being more engaging and motivational, allow for students to learn computational
thinking and programming skills in entertaining and familiar environments, before

transferring those skills to learning a programming language [14].

According to Kazimoglu et al. [14], serious games for learning programming and
computational thinking should not only be created for fun, and should also consider a
curriculum and skills, making a difference between different programming constructs and
encouraging good programming practices (by ways of gamification, like achieving a high

score).
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Serious games can also be useful for programming by turning unpleasant operations into
interesting experiences — Shabanah et al. [15] have created an Algorithm Game Designer
aimed at facilitating the creation of algorithm games, in order to improve engagement in
algorithm visualization systems. Grivokostopoulou et al. [16] have also developed a game
for teaching Al algorithms, based on the Pacman game, so that through algorithm
visualizations and animations students could be helped in their learning process, by
demonstrating the way an algorithm operates, its functions and how to make proper

decisions based on specific parameters.

Following the trends created by commercial video games, serious games have traditionally
been deployed in an offline fashion. Technical issues and challenges specific to the world of
education have also contributed keeping most of serious games offline. But with the
developing widespread adoption of faster internet connection speeds and rising availability
of computers in everyone’s homes, online game-based platforms like CodeCombat [17],
LightBot [18] and Scratch [9] have begun to appear. Combéfis et al. [19] reviewed the main
types of online platforms used for teaching programming skills, and have concluded that the
following factors can make a serious game more motivating and successful: 1) a feedback
and assessment process; 2) aesthetics; 3) collaboration and multiplayer aspects; 4) guidance
through the game; 5) no negative consequences; 6) music; 7) a medium-level of challenge to
keep the interest of the players. The question of collaborative and competitive games for

programming was also highlighted by Miljanovic et al. [20].

Regarding the learning outcomes of Serious Games for Learning Programming, according to
an extensive review of 49 serious programming games by Miljanovic et al. [20], most serious
games for programming focus on problem solving and fundamental programming concepts,

with few games focusing on data structures, development methods and software design.

There are also games that, while they may not teach programming skills, are capable of
teaching in an indirect but effective way key computational thinking skills, like abstraction
(eg. Tetris), decomposition (eg. Sudoku), algorithm thinking (eg. Puzzle games), evaluation

(eg. Memory Games), and generalization (eg. Pattern Games) [21].
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2. REVIEW OF SOME

PLATFORMS THAT CAN

BUILDING PROGRAMMING SKILLS

BE USED FOR

This section will be focused on presenting and comparing different platforms/programming

environments that can be used for teaching programming skills to children. The following

table is a summary of the different platforms that were considered.

PLATFORM TARGET GROUP LANGUAGE(S) FREE/PAID REFERENCES
Web-based (but co\r/:ujtler
Scratch with offline 8-16 pute! Free [8, 9]
. programming
version)
language
Visual
Web-based (but cor:ujter
Snap! with offline 12-20 P . Free [10, 22]
. programming
version)
language
Visual
Wi M
Alice indows, Mac 12-20 computer Free (23]
OS X, Linux programming
language
Visual
computer-
Tynker Web-based, iOS 7+ programming Paid [12]
language,
JavaScript,
Python

Table 1 List of programming environments for building programming skills

Co-funded by the
Erasmus+ Programme
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2.1. Scratch
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Picture 1 Sample Scratch Script
Scratch [9] can be used as an introduction to programming, especially among younger
students, but also as a way to facilitate the transition to other programming environments,
introducing and fostering interest in computer science [22]. One of the benefits of the
Scratch website is how it supports a worldwide network of users, hosting a community of
programmers which allows users to share projects [22] [24]. Scratch is available in more
than 50 languages, including Bulgarian, Croatian, English, Greek, Italian, Portuguese,
Slovenian and Turkish. It also has an offline editor that allows for the program to be
downloaded to a computer and run without an internet connection. Prior to version 3.0,

Scratch was using Flash and is now using HTML 5 and JavaScript.

Scratch is a block-based programming environment — these are visual programming
languages that work as puzzle pieces, which allow for learners to assemble programs by
snapping together the blocks and to receive visual feedback [10]. Another benefit is that it
allows for learners to familiarize themselves with the fundamentals of programming without

having to worry about syntax. [13]

According to a research study conducted by Meerbaum-Salant et al. [24], most students can
achieve a reasonable level of Computer Science concepts through Scratch. However,
difficulties arise when teaching specific topics that require a greater level of abstraction.
This can, however, be solved if students are accompanied in the process by the teacher.
Otherwise, the study concluded that most students will only use it as a tool to create media

and not as a way to learn programming [24] as originally planned.

10
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2.2. Snap!

Snap! [11] is also a visual block-based programming language whose design is based on

Scratch but adding some additional features. Snap!, similarly to Scratch, is web-based, but

Picture 2 Snap! User Interface

also has the possibility to be run offline through a browser. It is using HTML5 and JavaScript.

Apart from the features of Scratch, Snap! adds first class lists, first class procedures, first
class sprites, first class costumes, first class sounds and first class continuations, thus making
it more suitable for older audiences and as an introduction to computer science than
Scratch [11]. Snap! is available in over 40 languages, including Bulgarian, Croatian, English,

Greek, Italian, Portuguese, Slovenian and Turkish.

A study was conducted by Weintrop et al. [10] with high school students using Snap! and
Java. The students found the blocks-based approach to be easier than Java — thus, it is in
accordance with the view that blocks-based programming (like Scratch and Snap!) is more
accessible to novice programmers. According to the study findings, this was due to the fact
that blocks are easier to read, due to the visual nature of the blocks that provide cues on

how they can be used, they are easier to compose, and serve as memory aids. [10]

11
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2.3. Alice
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Picture 3 Alice 3 Code Editor

Alice [23] is a block-based programming environment that aims to motivate learners to
program by involving their creativity, through the creation of animations, interactive
narratives or simple 3D games. As the other programming environments shown, it removes
syntax errors by allowing learners to construct by dragging and dropping code elements

[25].

It allows for the creation of virtual worlds with a Virtual World Editor where learners can
add 3D objects and add functions and methods to existing 3D objects. Once the Virtual
World is created the learner can write code to develop the logic of the

game/narrative/animation [26].

Alice is a good programming language for learners with no previous experience, as it allows

for them to see as they write their code how the animated programs run [27].

Moreover, a study that focused on Storytelling Alice (a programming environment based on
Alice 2) which facilitates the creation of stories by students (with high-level animations, a
storytelling gallery, and a story-based tutorial) found that although both Generic Alice and
Storytelling Alice were equally successful at teaching programming concepts to girls, with
Storytelling Alice, girls were more motivate and increased their time programming, although
they found both equally entertaining. Motivation and time spent programming have a

positive impact in programming performance — thus making programming more motivating

12
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to girl and maximizing the time they spent doing so may be a way to increase women’s

participation in computer science.

Alice 3, the most recent instalment of the series, is available in 13 languages, including
English, Portuguese, Greek, Slovenian, and Bulgarian, although each language might not be
available at the same level of completion. Alice 2 is available in English, Spanish, Portuguese

and German.

13
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2.4. Tynker

Tynker [12] is an educational programming platform based on a drag-and-drop visual
programming language like Scratch. Unlike all the other programming environments

presented, this one is a commercial product.

One aspect it adds to Scratch consists in how it approaches coding as a game, in which the
users are required to create a program in order to make the screen characters move,
interact, and achieve different tasks. It presents problems the players need to solve, making
it so that children begin to recognize patterns [28]. Another addition to Scratch is the

possibility to see equivalent of each code in JavaScript.

Tynker also provides a built-in tutor to give step-by-step instructions, so that the learner can
learn how to apply coding concepts. The learner is also able to visualize the blocks in
JavaScript code, enabling them to understand the block in a text-based programming

language [12].

Tynker provides over 23 Programming Courses, 11 iPad courses and 2000+ coding activities.
It provides individual plans and family plans (for up to 4 members), that can be billed
quarterly (20$/month), yearly (10S$/month) or onetime payment (2408S). It is only available
in English.

A Tutoriel The Boss Fights Badk!

Ade e Go To block 10 the Wat biock In
oo rd's code

Picture 4 Tynker User Interface

14
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Review of some Serious games for Building Programming Skills

The following table is a summary of the different games that were considered.

TARGET
GAME PLATFORM GROUP LANGUAGE(S) LEARNING UNITS TYPE OF GAME
syntax, methods, parameters, strings, loops
and variables, If/else, Boolean logic,
relational operators, functions, object
Code properties, event handling, input handling, Commercial Game
Combat Web-based 9+ JavaScript, Python | Arithmetic, counters, while-loops, break, .
. . . - (Freemium)
[17] continue, arrays, string comparison, finding
min/max, Object literals, remote method,
invocation, for-loops, complex functions,
drawing, modulo
Human Windows, . Input & output and conditionals & iteratives .
Visual ) ) Commercial Game
Resource Mac OS X, . algorithm comparison .

) . . 9+ Programming (Paid)
Machine Linu, i0S, Language-based Puzzle Game
29, 30] Android S
Lightb i0S, Android, Visual Conditionals and Iteratives and Recursion Commercial Game

ightbot Windows, 9+ Programming Debugging Strategies Paid
[29]
Mac OS X Language-based Puzzle Game
Custom Basic instructions and sequence logic, loops,
Programming variables, if statements, comparators and
May'’s Language Boolean logic, operations on integers
. N . N ! R h
Journey Windows 12-18 (inspired from an operations on strings esearch Game
) ) Puzzle Game
[31] Object-Oriented
Language like
Java)
No Bug’s Visual Variable Manipulation, Sequence of Actions,
Snack Bar Web-based 18+ Programming Conditional & Iteratives, Debugging Research Game
[32] Language Strategies
Syntax & Semantics, Variable & Primitive
| ' -
Robot ON! Windows 18+ Cet Data Types, Expresspns & Assignments, Free/Research
[33] Conditionals & Iteratives, Program Game
Comprehension
Educational Game for learning | Algorithms (Basic textual description of
‘Pacman’ Windows 18+ Al search Algorithms and corresponding graphical Research Game
Game [16] Algorithm flowchart along with Pseudocode)
Theory on arrays, outputs of variables after
an array’s program’s execution, syntax of
. array programs, entry of variable values in Research Game
MX [34 W 18+
¢ (34] indows 8 ¢ an array, calculation of the array’s sum, MMORPG
calculation of the maximum value of the
array,

Table 2 List of some serious games for learning programming skills

15
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3.1. Code Combat

Picture 5 Code Combat Gameplay

Code Combat [17] is a web-based adventure game. It has plans for both individual students
and classes, providing also resources for teachers to use during classes. It has more than 100
free-to-play and subscriber-only levels. Premium plans are available for $3.99/month or a
one-time payment of $39.99. It is available in over 50 languages, including Bulgarian,

Croatian, English, Greek, Italian, Portuguese, Slovenian and Turkish.

Learners are required to write their own code (either in JavaScript or Python) in order to
make the characters move, interact, and achieve different tasks. It is not block-based,
requiring learners to write their own code. It provides hints along the way and introduces
concepts gradually. The game is divided in 5 different worlds, introducing different concepts

as the player progresses through the game: 1) Kithgard Dungeon — syntax, methods,

parameters, strings, loops and variables; 2) Backwoods Forest — If/else, Boolean logic,

relational operators, functions, object properties, event handling, input handling; 3) Sarven
Desert — Arithmetic, counters, while-loops, break, continue, arrays, string comparison,

finding min/max; 4) Cloudrip Mountain — Object literals, remote method, invocation, for-

loops, complex functions, drawing, modulo; 5) Kelvintaph Glacier — Advanced Techniques.

According to Miljanovic et al. [20], the game’s educational content comprises Algorithms &
Design (Algorithm Comparison, Problem Solving), as well as Fundamental Programming
Concepts (such as Syntax & Semantics, Variables & Primitive Data Types; Expressions &
Assignments, Input & Output, Conditionals & Iteratives, Functions & Parameters, and
Recursion), Fundamental Data Structures (such as Arrays, Heterogeneous Aggregates, and

Abstract Data Types).

16
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Human Resource Machine [30] is a puzzle game based on a visual programming language. In
this game, the player as to automate a task by programming an office worker, being
promoted to different levels as they progress through different puzzles [30]. It is a

commercial game, being available on Steam for 8.99€.

The player must create a sequence of moves, by dragging and dropping instructions, with

new commands being gradually introduced to accomplish more complex operations. The

Picture 6 Human Resource Machine Gameplay

first commands are -> inbox and outbox-> [30].

Through a visual programming language based in blocks, it teaches fundamental
programming concepts, like input & output and conditionals & iteratives, as well as teaching

algorithm comparison [20]. It is mostly useful for learning how to write assembly-code [30].

17
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3.3. LightBot

Picture 7 Lightbot Interface
LightBot [18] is a puzzle game, with the mechanics being similar to that of Human Resource
Machine, requiring programming logical in order to progress through the levels. The player
must guide a robot in order to light up tiles and solve levels, featuring 40 levels and 20

challenge stars. The commands used in Lightbot appear as icons.

Although in Lightbot, the players do not learn any programming language, “they develop an
understanding of sequencing and implementation of algorithms”(p.6), focusing instead on
acquiring problem solving skills [20]. Through the game, students learn different
fundamental programming concepts, such as Conditionals and Iteratives and Recursion, as
well as debugging strategies [20]. As the space for the tiles is limited, the learner must also

consider code size [30].

A study conducted by Mathrani et al. [35] using Lightbot with students of a non-university
education provider found that students enjoyed playing the games and that this was an
effective way of learning programming constructs like functions, procedures, conditionals
and recursions. Most participating students agreed that the approach was an effective way

for them to understand concepts that would otherwise be more difficult.

18
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3.4. May’s Journey

May’s Journey [31] is the only game from this list that is directly targeted toward middle

school girls. It is a 3D puzzle game in which the players solve a maze through the means of

ok

HockPook!

Picture 8 May's Journey Gameplay

the game’s custom programming language, which is inspired by Java.

The game was designed with middle school girls interests in mind, hoping to attract them to
Computer Science by teaching the basics of programming. The developer employs a pseudo-
code in order to facilitate the transition between visual programming (drag and drop
programs like Scratch) and real programming languages. The teaching content is: basic
instructions and sequence logic, loops, variables, if statements, comparators and Boolean

logic, operations on integers, operations on strings [31].

There are two phases in the game, an exploration phase with the mechanics of a typical
game and a coding phase. In the coding phase, the interface is split in order for the player to
type the code, but also get visual feedback of the code. Hints for the code are also provided
during the exploration phase. In the story, the hero is a girl who lives in a world that is
falling apart and is separated from her friend, needing to fix the game world and solve
mysteries. Each part of the mystery is revealed gradually, motivating the players to play
more [31]. As pre-teens are the main target group, they made the main character look like a
middle school girl, so that the player can project themselves unto the girl. The design also
had in mind girls preferences towards design (high lightness, warm colour scheme and less

aggressive illustration [31]. The test group seemed also to appreciate the storyline.

19
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3.5. No Bug’s Snack Bar

No Bug’s Snack Bar [32] is a research serious game with a drag and drop block-based
approach to make the game independent from learning the syntax of the computer
programming language, focusing on problem solving. With a focus on Problem Solving, its
learning outcomes are: Variable Manipulation, Sequence of Actions, Conditional &

Iterativess, Debugging Strategies.
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Picture 9 No Bug's Snack Bar Gameplay
In the game, the main character has to work at a Snack Bar, passing through different
missions using code. One innovation included in this game is the fact that there’s a tool
incorporated for teachers to monitor how students are progressing through the game.
There’s also a gamification approach, with the student gaining points as they progress
through the games and find ways to better their solutions to the problems presented in

order to maximize the points gained.

The study afterwards found that the biggest fault within the game was the absence of a
support system, with hints — therefore, the developer incorporated an assistant with hints
and an administrative system for the teacher to see who are the learners that need help and
to send them personalized hints. The presence of a teacher was, therefore, seen as

fundamental.
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3.6. Robot ON!

Available Tools:

Picture 10 Robot ON! Gameplay

Robot ON! [33] is also a research puzzle-type game aimed at undergraduate students who
are learning C++. In this game, the player is a scientist that has to activate a ‘Mech Suit’,
doing so through a series of tasks. Once the player finishes a level, he activates a new robot
system. It also has a framework in which instructors can create their own levels using other
programming languages. The player has different tools, which are colour coded, with the
colour on the code corresponding to the different tools. The player is introduced to

different tools one at a time, accompanied by tutorials.

Instead of focusing on writing code, this game focus on programming comprehension, in
order to teach debugging skills and understand code written by others [33]. As the game
progresses, the player is given the following tools: 1) activator tool (to learn control flow); 2)
commenter and un-commenter tools (to learn code behaviour); 3) namer tool (to learn

variable purpose); and 4) checker tool (to learn data flow) [33].
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3.7. Educational Pacman Game

Educational Pacman Game [16] is a research serious game designed to teach search
algorithms, allowing for students to see how different search algorithms behave and a

graphical annotated depiction of them.

P

Picture 11 Educational Pacman Game

The game has two modes:

1) Educational Mode: the student can read a textual description and the graphical

flowchart and pseudocode of an algorithm of his choice. The game also allows for
the student to learn the algorithm via visualizations on the different Pacman Mazes

[16].

2) Playing Mode: the student has to solve maze levels within different conditions and
with a time constraint. These levels are made so that the student has to apply a
specific search algorithm to move the Pacman in the maze — the student is asked to,
from a random position, reach to a cheery or power-up by moving the character on

the specific algorithm [16].
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3.7. CMX
CMX [34] is a Massive Multiplayer Online Role Playing Game (MMORPG) for learning
programming. In the game there are two teams — crackers and hackers — who compete

against each other to find the passwords on a global toxic waste factory. They are assisted

by Senseis, that assist them in learning the programming language C. The game includes
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Picture 12 CMX Game Environment

three levels of Senseis, with each one holding one password and unlocking another Sensei
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The students seemed to increase their comprehension level of C — they could not only
answer theory questions, but also lay executable programs by dragging and dropping tools,

as well as writing programs in C [34].
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3. TEACHING PROGRAMMING SKILLS TO GIRLS

4.1. Girls and STEM

The existing imbalance between men and women has been a topic of discussion and raising
awareness due to the fact that diversity and more creativity in the workforce by the
presence of females is connected with better economic performance for a specific country
and also with the idea that everyone should have equal access to the same chances and

opportunities [36].

Women and girls participation and uptake in STEM and ICT courses is to this day still
significantly poor. This situation may be due to different factors ranging from socio-
economic and parental background to attitude towards STEM subjects that, consequently,
affect their disposition and engagement with these fields [37, 38]. Any approach to teaching
computer science to girls would have to dispel these negative stereotypes and make this

field appealing and “cool” to them [39].

The social context of a country also bears influence in career choices and the perpetuation
of the existing status-quo, because girls will compare themselves and who they are to
stereotypes existing inside the STEM fields and decide that they don’t fit in. It is also seen as
“natural” for females to not choose computer science fields, which goes against evidence
found in different countries where there is a high percentage of women enrolled in these
fields [36]. There is a lack of female role models in the public eye to showcase to the

remainder of the female population that they are indeed fit for these fields [36].

According to a study conducted by Hosein [37], who analyzed secondary data on the
subject, girls who were heavy gamers at 13-14 years old seemed to be more likely to pursue
a PTSEM degree. It may be useful to use serious games as a way to motivate girls into
computer science and STEM degrees in general [37]. Therefore, it may be pertinent to

understand what the gaming preferences of girls are and how this may differ from boys.
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4.2. Girls Gaming Preferences

Serious games are games that aren’t meant only for entertainment purposes, but also for
education purposes: to engage, educate, and motivate students in the learning process.
However, the degree in which one wants to play a game varies across gender and the

gaming industry has made few attempts at studying female-preferred games [38].

According to the “Gamer Consumer Insights”, 46% of gamers across thirteen countries are
women, showcasing a growing trend in which women have been becoming more interested
in gaming. Likewise, interest in gaming and its connection with gender issues has increased
rapidly in recent years. While across all platforms, men tend to prefer strategy, sports,
action/adventure, and shooter games, women tend to enjoy more action/adventure, puzzle,

strategy and arcade games [40].

Women tend to not be fond of direct competition (conflict or unjust violence settings) and
prefer problem resolution [41]. There is also a preference for puzzle games, social games
(with a rewarding system), collaborative and exploration games, and virtual life and party
games. In regard to adventure games, there is a preference for observing first and playing

after the act of observation [38].

It’s also important to note the difference in preferences when it comes to platforms: while
men prefer to play on the PC or the console (48% and 37%), only 35% and 23% of the

women inquired prefer to do so, with this last group playing more mobile games (48%) [40].
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4.3. Approaches to Teaching Programming to Girls

Adopting a constructionist approach to games is beneficial for education, because there is
not only a focus on providing the game to students, but also providing this group with

means and knowledge to develop their own games [42].

A study conducted by Carmichael [39] showcases the beneficial outcomes of combining
computer science concepts with video games specifically to a young female target-group.
The goal of the one-week course towards twelve girls in grades eight and nine was to teach
basic concepts on Computer Science and also to disperse negative stereotypes associated
with it. One crucial point to bear in mind when choosing the coding creation software is that
educators should conform to a series of requirements: the academic year of the students,
familiarity of the instructor(s) and capability of the student in creating a coding project
according to the amount of time they will be spending learning the know-how to do it. Some
teaching methods used ranged from group activities, brainstorming, reading of relevant
articles to interactive demonstrations. An important aspect that Carmichael [39] emphasizes
is that during lab time, more than one instructor would’ve been helpful to, in turn, help all

the girls with their doubts about the gaming development phase.

Lastly, Alserri et al. [38] have developed a conceptual model for gender-based engagement

in Serious Games, consisting of five elements:

1) Learning Elements: these are the elements that distinguish entertainment games

from educational games [38];

2) Female Preferences for digital games: these are the preferences specific to girls, that

have to be incorporated into the design in order to motivate and engage them.
According to the literature review conducted by the author, these preferences
consist in exploration, character customization, storyline, social interaction,

collaboration, challenges, fun, control and feedback [38];

3) Flow state theory: some of these elements are also female preference elements.

These elements should also be incorporated in order to obtain engagement and
motivation: challenges, fun, control, feedback, concentration, clear goals, skill and

immersion [38];
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4) Female game types and genres: according to the authors, these would be fantasy

and role-playing games.

5) Social gender factors: parental, peers and teacher influence.
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