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Abstract This article introduces an educational game designed to teach girls about the concept of digital footprint-
ing. The primary objective of the game is to impart knowledge on the significance of safeguarding their online
privacy and security while encouraging responsible digital citizenship. The game’s design incorporates a playful
and interactive approach, integrating challenges that engage and sustain the players’ interest. We envision this game
as a valuable resource for educators and professionals working with girls, aiming to enhance their comprehension
of their online presence. The game was applied in a workshop at a high school in Brazil, providing a hands-on
opportunity for female students to use acquired concepts and stimulate meaningful discussions on digital security.
The results showed that usability, gameplay, and learning issues were all well evaluated.
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1 Introduction

The topic of digital inclusion has received increasing atten-
tion with the advancement of technology. Digital inclusion
can be defined as the activities necessary to ensure that all
individuals and communities, particularly the most disadvan-
taged, have access to and can effectively use information
and communication technologies. According to Warschauer
[2004], digital inclusion extends beyond merely providing
computers and internet access; it encompasses considera-
tions of physical, digital, human, and social resources.
The effectiveness of digital inclusion is closely tied to the

accessibility of quality education, as individuals with greater
financial resources and better instruction are more likely to
navigate technology effectively, leading to advantages such
as enhanced employment opportunities. In Brazil, data from
2021 highlights stark disparities in digital access based on so-
cial class; only 10% of classes D and E report having a com-
puter at home, compared to 41% in class C and 83% and 99%
in classes B and A, respectively CETIC.BR [2022]. Addi-
tionally, findings from the same survey indicate that women
predominantly access the internet via mobile phones com-
pared to men. This trend implies a reduced likelihood of
participating in online courses and remote work, given the
challenges associated with smaller screens and the absence
of amouse and keyboard. This inefficiency not only hampers
motivation but also contributes to negative impacts such as
lower wages and less satisfying job opportunities for women.
However, with proficient knowledge of digital tools, women
could positively impact their careers and unlock more advan-
tageous opportunities. Employers are increasingly using dig-
ital resources for recruitment, and the lack of efficient inter-
net access among women has excluded them from such se-
lections. A more effective approach to digital inclusion for
women has the potential to significantly boost their income
Mariscal et al. [2019].
The concern for gender equality in the utilization of infor-

mation technologies has grown in significance, particularly
due to persistent gender disparities in global access and usage
of these technologies. The United Nations (UN) responded
to this challenge by launching the 2030 Agenda, a global ini-
tiative dedicated to fostering sustainable and conscientious
development worldwide. Comprising 17 objectives and 169
targets, the agenda articulates the Sustainable Development
Goals (SDGs). In this context, SDG 5 is dedicated to achiev-
ing gender equality. Within SDG 5, sub-objective 5.b specif-
ically addresses the need to ”increase the use of basic tech-
nologies, particularly information and communication tech-
nologies, to promote women’s empowerment” UN [2015].
Through this initiative, the UN aims to enhance women’s and
girls’ access to and utilization of information and communi-
cation technologies.
With the goal of democratizing access to technology in

Brazil, the Digital Girls Program, established in 2011 by the
Brazilian Computing Society (SBC), seeks to inspire young
women to pursue careers in Information and Communication
Technology. The program achieves this objective by pro-
viding short courses, workshops, events, and other activities
Maciel et al. [2018]. As a national initiative addressing the
underrepresentation of girls in information technology fields,
which are predominantly occupied bymen, it becomes imper-
ative to implement measures that guarantee equal opportuni-
ties for women in utilizing technology. Such measures are
crucial to prevent women from being relegated to the back-
ground due to social and cultural inequalities.
The concept of a digital footprint is closely intertwined

with digital inclusion, as individuals who effectively man-
age their digital footprints often gain more opportunities and
enjoy better social placements. Digital footprints are traces
of data that internet users leave behind intentionally or unin-
tentionally McDermot [2018]. To define it more broadly, it
can be said that “digital footprints are an aggregate of data
derived from the digitally traceable behavior and online pres-
ence of an individual” Micheli et al. [2018]. Some examples
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are posts on social media and participation in forums. In
2022, 80% of people using the internet in Brazil accessed so-
cial media CETIC.BR [2022]. This implies more people us-
ing the networks recklessly and without instruction, leaving
traces of their lives in the virtual world without realizing the
potential consequences. In this context, educating individu-
als about digital footprints becomes imperative. This knowl-
edge equips people to understand what they should or should
not post on their personal profiles, safeguarding them from
potential disadvantages and enabling them to derive benefits
from creating a positive digital footprint.
In this context, there is a need to create more efficient

methods for learning about digital footprints, especially
among young people. One of these methods is learning ob-
jects (LO), which are resources used to help teach students.
LOs can be text, images, videos, animations, and even edu-
cational games. Among the many advantages that LOs of-
fer, it is possible to mention that they make students more
interested in the content and develop logical reasoning and
creativity McGreal [2004].
The objective of this work was to develop an educational

game focused on digital footprints, aimed at instructing high
school girls on the importance of conscientiously managing
their online presence. The game can guide them about ethics,
digital security and provides practical examples of navigat-
ing various internet scenarios. The goal is to share knowl-
edge on how to prevent the formation of a negative digital
footprint, in a playful and engaging manner. Additionally,
the game seeks to educate players on the significance ofmain-
taining professional social networks and the correct strate-
gies for managing them, thereby fostering the creation of a
positive online footprint. The intention is to observe a tan-
gible, long-term improvement in the digital footprint of girls
impacted by the game, enabling them to uphold a positive
digital image and secure enhanced employment opportuni-
ties in the future.
As part of this effort, a workshop was conducted at a high

school involving female high school students, providing a
practical application of the concepts of inclusion and digital
footprint. Furthermore, a formwas applied to assess the girls’
knowledge about digital footprint, before and after playing.
Following the gameplay, a discussion session was facilitated
to explore the specifics of the game’s development. This
hands-on experience not only enriched our comprehension of
the significance of affording proper access to technology but
also underscored the critical importance of imparting knowl-
edge on its conscientious and responsible use. The inclusion
of women in the gaming industry and the creation of games
that address relevant themes for them are important steps to-
wards promoting diversity and gender equality in this sector.
In this regard, Peg.Ada plays a significant role by providing
a concrete example of a game developed by a woman, aimed
at educating and engaging players, while also inspiring other
women to enter the gaming industry

This article represents an expanded edition of a previously
published work Vinhal and Odakura [2023]. This version
brings a new dimension by presenting the Peg.Ada game
specifically with female students in a high school environ-
ment and conducting a comprehensive evaluation within the
target audience.

The work is organized as follows: Section 2 covers related
work. The developed game is described in the Section 3.
The results obtained after evaluating the educational game
are presented in Section 4. Some details about the workshop
with the girls at school and the related results are shown in
Section 5. Section 6 covers the limitations of the study. Fi-
nally, the conclusions are reported in the 7 section.

2 Related works
An interesting digital footprint tool is “DataMirror” proposed
by Htait et al. [2020], which allows Internet users to group
their digital data so they can search and view what they have
already posted on the internet. The aim of the tool is to in-
vestigate and explore people’s awareness of their online pro-
jected data. “DataMirror” aims to educate people on how
they should act on the internet to avoid leaving negative foot-
prints in the digital world. “DataMirror” collects and shows
the footprints that have already been left by the user, but does
not specifically address what the digital footprint should look
like. In the same way as “DataMirror”, this work addresses
the topic of digital footprint but will be done in the format of
an educational game, which provides more fun and engaging
learning for those who are using it.
The project presented byMancheno Gutiérrez [2021] is an

attempt to develop chatbots specifically designed to engage
users in discussions about digital footprints. These chatbots
employ Natural Language Processing (NLP) and the Chatter-
bot Python package to attain a level of intelligence conducive
tomeaningful interactionswith users. While both this project
and the aforementioned work share a commonality in em-
ploying interactive and enjoyable methods for education, it’s
essential to note a distinction: a game offers diverse forms of
interaction, including a more intricate visual aspect, setting it
apart from a chatbot. Notably, the chatbot in the mentioned
project is designed for children, whereas the current work tar-
gets high school students and addresses more mature themes,
such as considerations related to the job market.
An earlier work, “Mundo Bit Byte” Araujo et al. [2022],

serves as a foundational project in the field of educational
digital footprint tools. This initiative created an interactive
platform aimed at teaching younger audiences about the im-
portance of managing their digital identities. By incorporat-
ing gamified elements and engaging storytelling, “Mundo
Bit Byte” successfully raised awareness and promoted best
practices for online behavior.

3 Peg.Ada
The “Peg.Ada” gamewas developed with the aim of teaching
high school and college girls about digital footprinting. An-
dressa Vinhal, the developer of the game and computer engi-
neering student at the time, designed it as an educational tool
that helps raise awareness among players regarding the risks
and repercussions associated with sharing personal informa-
tion on the internet. The game is designed to be played on
desktops and offers an interactive experience that supports
teaching digital footprint concepts in an engaging and fun
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way. Through “Peg.Ada”, players have the opportunity to
obtain insights into privacy, security, and best online prac-
tices, all while enjoying the gaming experience. The name
of the game, ”Peg.Ada,” is derived from two sources. Firstly,
it draws from the term ”pegada”, which in Portuguese means
”footprint”. Secondly, it pays homage to Ada Lovelace, an
influential mathematician and writer, often regarded as the
world’s first computer programmer. Ada Lovelace holds im-
mense significance for women in computing.
The game was designed for desktop use because it would

facilitate future workshops in schools, as it could be easily
downloaded onto the computers in the labs, and also because
the author had more experience with desktop game develop-
ment. There was no attention given to accessibility features.
Nonetheless, addressing accessibility remains an important
aspect for potential future enhancements and research efforts.
The gamewas developed using the Unity1 tool, with C# as its
main programming language. All of the game’s arts were cre-
ated using a free online Pixel Art editor called Piskel2. The
game is available for download in two places, Google Drive3
and GitHub4. The game’s initial screen is depicted in Figure
1, while Figure 2 showcases an image capture of one of the
scenes.

Figure 1. Home screen of the game. The game is in Portuguese. Besides
the game title, there is a button labeled ’Play’ and ’Exit’.

Figure 2. Screenshot captured in one of the game’s scenes. The game’s
dialogue is in Portuguese. In the scene, the character Peg is saying to Ada,
’I brought you back to your past to try to correct your mistakes.’

1Unity, Available at: https://unity.com/pt Accessed in April 2023.
2Piskel, available at: https://www.piskelapp.com/ Accessed in April

2023
3Google Drive, Available at: https://bit.ly/Peg-Ada Accessed in April

2023.
4GitHub, Available at : https://github.com/AndressaRV/Peg.Ada Ac-

cessed April 2023.

The game’s development began with the preparation of
a Short Game Design Document (SGDD) as presented by
Motta and Junior [2013]. The SGDD is a game plan encom-
passing all essential details of the project. Within the SGDD,
a summary of the story, gameplay, arts and sounds, inter-
face, and overall game flow are outlined. Figure 3 briefly
describes the game’s plot and some information about the
main character. The main character is Ada, a girl who em-
barks on an incredible journey accompanied by Peg, a foot-
print who helps her revisit and reflect on her digital footprint.
The game flow, depicted in Figure 4, illustrates the player’s
available choices and the corresponding outcomes. It func-
tions similarly to a flowchart, elucidating the consequences
of each option and providing a comprehensive overview of
the game. This includes the sequence of screens, exempli-
fied by transitioning from the ”home menu” to the ”game
summary” screen, elucidating the game’s progression. Fig-
ure 5 offers a detailed glimpse into the game’s artistic, audi-
tory, and programming components. The game is not open-
source. This means that the source code is not available for
public access and modification.

Figure 3. The story described in the Short Game Design Document.

Figure 4. Game flow described in the Short Game Design Document.

Figure 5. Art, programming, and sounds described in the Short Game De-
sign Document.
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3.1 Gameplay
The game employs a non-linear iterative narrative, meaning
that the user’s choices impact the final scene displayed, de-
termined through a scoring system. Throughout the game,
players will encounter questions, and their responses will re-
sult in a positive, negative, or neutral score. At the end of the
game, the system will determine, according to the player’s
score, which scene should be shown. This outcome could ei-
ther depict Ada successfully altering the past and achieving
professional success or a scenario where she cannot change
events, concluding the game similarly to its beginning. In
Figure 6, there are representations of some of the situations
involving professional social networks that the player will
have to experience throughout the game. In Figure 7, it is
possible to visualize two issues that will be worked on within
the theme of digital security. Finally, in Figure 8, some situ-
ations are exposed that will aim to work on issues of digital
ethics. These situations were designed with inspiration from
research from Buchanan et al. [2016].

Figure 6. Examples of decisions related to professional social networks.

Figure 7. Examples of decisions related to digital security.

Figure 8. Examples of decisions related to ethics.

4 Evaluation
To obtain public feedback on the Peg.Ada game, a folder con-
taining files to run the game was made available on Google
Drive. This test aimed to evaluate the game’s usability, sat-
isfaction, relevance, learning, and other factors. The game
was tested by 35 people who had no connection with the de-
velopment of the work.

The feedback collection from players was conducted us-
ing a form5 hosted on Google. The research included partic-
ipation from high school and university students of various
genders. A total of 35 responses were gathered, with 34.2%
identifying as male, 60% as female, 2.9% as non-binary, and
2.9% choosing not to respond. Regarding age distribution,
among the 35 players, 11.4% fall into the 23-26 age group,
65.7% are between 18-22, and 22.9% are 17 or younger. Fig-
ures 9 and 10 present a visual representation of this data.
Given that the research involved high school and university
students, Figure 11 illustrates the distribution across different
grades and courses.

Figure 9. Gender distribution.

Figure 10. Age distribution.

Figure 11. Distribution by grades and courses.

The questions in Figure 12 were based on the System Us-
ability Scale Brooke et al. [1996] to evaluate the usability of

5Google Forms, Available at: https://forms.gle/J3sT9A5EmN8BV7xHA
Accessed in April 2024.
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the game. The answer options for the questionnaires in Fig-
ures 12, 13, 14 are: Totally disagree, disagree, indifferent,
agree and totally agree. These options were created accord-
ing to the Likert scale by Likert [1932]. From the responses
about the game’s usability, shown in Figure 12, it is clear
that the public had a positive experience. All respondents
totally disagreed that they would need technical help to play
the game, 94.3% totally agreed with the statement ”I found it
easy to play” and 97.10% totally disagreed that they needed
to learn many things in advance to be able to play.
In Figures 13 and 14, the questions were created based on

important concepts in the evaluation of an educational game,
such as: fun, learning, attention, challenge, satisfaction and
relevance as stated by Amory and Seagram [2004]. The ma-
jority (80%) of players strongly agreed that they would rec-
ommend the game to their colleagues. For 80%of people, the
game content is completely relevant and 77.1% completely
agree that this game is a suitable method for this content. In
terms of fun, 34.3% of players agreed that they had fun with
the game, and 57% completely agreed. Some questions were
asked to check whether the game’s learning objectives were
met. In Figure 14, it is clear that the objectives proposed
by the game were achieved. All questions about learning
received more than 80% of ”I completely agree” responses,
which means that most players considered that the game was
effective in teaching them.

Figure 12. Usability questions.

Figure 13. General questions.

At the end of the questionnaire, a space was made avail-
able for the player to write suggestions, criticisms and com-
ments in general. From this, some relevant comments were
selected. One of the compliments provided by a psychology
student was: ”Very didactic game, and can even be recom-
mended by psychology professionals, considering that it ad-
dresses important topics such as ethics and empathy.”. The
font used in the game was pointed out by four respondents,
citing a certain difficulty in understanding the writing due to

Figure 14. Questions about learning.

the pixelated design. This point will be reviewed in the next
version of the game, in which the font will be changed.

Despite having girls as its target audience, the game was
created to be accessible to all audiences, regardless of gen-
der. However, it is expected that girls will have a greater
identification with the game, because of the main character.
The game obtained very positive results in research, which
indicates that it was successful in its objective.

5 Workshop
To present the game in a practical setting, a workshop was
conducted at Escola Estadual Professor Alício Araújo in the
city of Dourados, Mato Grosso do Sul, Brazil. During this
event, direct interaction took place with 19 high school girls,
creating an environment conducive to the hands-on appli-
cation of the Peg.Ada game. It was particularly rewarding
to witness the active engagement of the participants as they
connected with the characters and identified with the situa-
tions and challenges presented by the game. The computer
lab was equipped with Windows computers and internet ac-
cess. The game was pre-installed, and the students simply
launched and used it. A teacher participated in the activity,
and the feedback indicated that the students enjoyed andwere
engaged with the game. They also inquired about future ses-
sions. The teacher approved of the content and suggested
that similar workshops be conducted for boys as well.
Direct interaction with the students provided valuable

feedback about the experience. Their opinions and sugges-
tions proved crucial in enhancing the game’s gameplay and
its effectiveness as an educational tool for digital footprints.
A survey was conducted during the workshop at school in

order to evaluate the effectiveness of the Peg.Ada game. It
is important to highlight that the evaluation was specifically
aimed at the game’s target audience, made up exclusively of
girls. Among the participants, 84.2% were 17 years old or
younger and 15.8% were aged 18 to 22 years old. In relation
to education, the significant majority, that is, 73.7%, were
in the 2nd year of high school, while the rest were in the
3rd year of high school. These statistical details are visually
represented in Figures 15 and 16. This exclusive approach to
evaluation with the target audience provided a more accurate
analysis of the effectiveness of Peg.Ada game with the group
for which it was developed.
Feedback was collected by reusing the form applied in the

previous survey. To assess the girls’ prior knowledge before
they start playing, the first question in the questionnaire is:
”What is a digital footprint?” The results showed that 47.4%
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Figure 15. Age distribution.

Figure 16. Distribution by education level.

of participants had a low level of familiarity with the term,
as they answered ”I don’t know”. And only 15.8% of the
girls were able to answer the question in a very brief way.
The remaining girls, 36.8%, answered it incorrectly. Exam-
ples of responses include ”it’s an educational game” or ”it’s
a digital era.” This highlights the importance of addressing
the topic of digital footprint and offering clear, accessible in-
formation to promote awareness and understanding of online
security. Figure 17 shows the results.

Figure 17. Students’ responses to the concept of a digital footprint prior to
engaging with the game.

The participants individually played Peg.Ada and after
that, a second phase of the research was conducted in which
they were asked again about the meaning of ’digital foot-
print’. The results were positive, with 94.7%, practically all
the girls demonstrating a correct and precise understanding
of the topic. This success highlights the game’s effectiveness
in conveying the concept of digital footprint in a clear and
accessible way. The participant’s ability to assimilate and

apply this knowledge highlights the positive impact of the
game’s educational approach. Next, you can view the results
in Figure 18. It is worth noting that, although specific ques-
tions about usability, gameplay and learning issues were in-
cluded in the questionnaire, these aspects have already been
covered previously in the previous survey results. The results
obtained in these areas were equally positive in the current re-
search, confirming the effectiveness of Peg.Ada in providing
an effective and engaging educational experience for partici-
pants.
In addition to answers to the questionnaire questions, par-

ticipants also shared their comments in the section designated
for this. Expressions like ”Come back often” indicate posi-
tive feedback and the girls’ enthusiasm for the activity. Some
students highlighted the importance of the game, stating that
it is essential for learning about the digital world, promoting
positive practices on social networks and strengthening char-
acter when faced with situations on the internet. At the end
of the workshop presentation, some participants showed a no-
table interest in game development. They expressed curios-
ity and even asked for tips to start creating their own games.
This reception not only highlights Peg. Ada’s effectiveness
as an educational tool, but also highlights its inspirational po-
tential for future game developers.

Figure 18. Students’ responses to the concept of a digital footprint after to
engaging with the game.

The school workshop played a crucial role in testing and
interpreting the project’s results. Direct interaction with
the participants not only enriched the game’s development
but also highlighted the continued need for innovative ap-
proaches to promoting digital inclusion and digital footprint
awareness.
In our research, we ensured that students participated vol-

untarily with school approval. Before students took part
in the questionnaire, we clearly informed them about the
study’s purpose and potential impacts. We handled data col-
lection, processing, and provision carefully, prioritizing con-
fidentiality. To protect anonymity, we anonymized all col-
lected data. Our approach reflects our commitment to ethical
research practices and the well-being of all participants. The
collection of data was conducted with the highest respect for
privacy, with no personal identification of the students ob-
tained, thus ensuring the complete anonymity of the dataset.
Additionally, explicit permission for the collection of game
evaluation data was obtained from all participants through
the use of a comprehensively explained and consensual In-
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formed Consent Form.

6 Threats to Validity and Limitations
There are some threats that might compromise the validity
of this study that should be considered. The sample size was
small, consisting of students from a single school, which lim-
its the generalizability of the results. The demographic diver-
sity of the sample was limited, whichmay influence the appli-
cability of the results to different population groups. The spe-
cific conditions of the school environment where the study
was conducted may have influenced the receptivity and en-
gagement of the participants, which may not be replicated in
other contexts.
The study’s duration was short, potentially not capturing

the long-term effects of the game on the participants’ digital
behavior. The evaluation was primarily based on subjective
perceptions of usability and learning, which may introduce
response biases. Future research should include larger and
more diverse samples to enhance the generalizability of the
results.

7 Final Considerations
This work described the creation of the educational game
Peg.Ada, with the aim of educating young girls about dig-
ital footprinting. The importance of this educational game
for the digital inclusion of girls and as a source of knowledge
for building a positive digital footprint were confirmed by the
evaluations carried out. The evaluation results showed that
usability, gameplay and learning issues were all well evalu-
ated. These results are quite encouraging.
Furthermore, it is important to highlight the positive im-

pact that the workshop provided. The Peg.Ada game was
well received by the girls, demonstrating a notable effect on
them. The practical and interactive approach of the games
workshops aroused great interest and engagement on the part
of the participants, reinforcing the importance of dynamic
and engaging educational methods to promote learning about
digital security. This activity also aligns with SDG5 UN
[2015] of empowering girls and women in the use of informa-
tion technology, effectively promoting digital inclusion and
empowerment.
As future work, there is the intention to continue improv-

ing the game and expanding its application to other schools.
In addition, the game is being planned to be made available
to be played viaweb, aiming to reach an even wider audience
and promote education about digital footprint in an accessi-
ble and comprehensive way.
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