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1 Introduction

In the ever-evolving landscape of technological advancements, artificial intelligence (Al)
stands at the forefront, revolutionizing various facets of our daily lives. As we witness the
rapid progress of cutting-edge Al-related technologies with applications spanning multiple
domains, such as natural language processing or image generation (World Economic Fo-

rum 2021.), exploring their potential impact on educational paradigms is imperative.

Amidst the rapid proliferation of technologies spreading throughout all aspects of our daily
lives, a venerable educational tool faces the potential of being overshadowed—the tradi-
tional educational board game. Renowned for their effectiveness in reinforcing knowledge
and encouraging interactive learning experiences, these timeless classics are at a cross-
roads in the digital age. (Lee & Raziff 2021.)

This work seeks to delve into a critical juncture where the traditional and the modern inter-
sect. Rather than framing a dichotomy between classic games and their digital counterparts,
the focus is on a strategic synergy. To ensure their continued relevance in the face of an
ever-increasingly digitalized world, this work's overarching question is: How can Al be inte-

grated into educational board games?

The significance of this inquiry lies in preserving the essence of time-honored educational
tools and in harnessing Al's transformative potential to enhance learning experiences. By
strategically merging Al with traditional games, the aim is to create a harmonious coexist-

ence where the strengths of both approaches converge.

To unravel the potential of this integration, a specific practical case will be presented,
demonstrating how a simple educational board game can be elevated by incorporating said

technologies. It will serve as a testament to the current virtues of integrating Al.



2 Board Game in Education

2.1

Educational Games

Becker (2021) describes educational games as a specific category within serious games, a

branch of games designed to entertain and fulfill broader objectives. This category encom-

passes various games, such as those aimed at improving health, effecting social change,

serving as advertising tools (advergames), and engaging with political themes. Conse-

quently, an educational game is categorized as a serious game specifically crafted to facil-

itate learning, as outlined in Table 1.

Allery describes an educational game as a learning instrument designed to engage students

through competitive tasks regulated by specific rules. This definition emphasizes the dual

purpose of educational games: to educate and engage, ensuring that learning is effective
and enjoyable. (Allery 2014.)

Table 1. Comparison between Games, Serious Games, and Games for Learning (Becker

2021.)
GAMES SERIOUS GAMES GAMES FOR
LEARNING
BASIC DEFINI- Includes both Seri-  Games created for ~ Games crafted to
TION ous Games and objectives beyond achieve specific ed-
Games for Learn- just entertainment, ucational objec-
ing. or that serve addi- tives.
tional purposes.
PURPOSE Can be for any. Change in behavior, Normally connected

PRIMARY DRIVER
(WHY USED)

KEY QUESTION

FOCUS

Can be either play

or rewards.

Is it fun?

Player Experience

attitude, health, un-
derstanding,

knowledge.

To get the message

of the game.

Is the message be-

ing received?

Content / Message

with some educa-

tional goal.

To learn something.

Is it effective?

Content / Message
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Furthermore, it's important to recognize that educational games extend beyond just board
games. For instance, video games can also be effective learning tools if their focus is edu-

cational, as previously mentioned. (Pope 2021.)

2.2 Educational Board Games

Board games have traditionally enjoyed immense popularity in familiar settings, among
groups of friends, and, in the case of educational games, also in scholarly use cases. They
offer significant benefits, including cultural and educational value transmitted by many of
them. Additionally, the interactions between participants, who may belong to different age
groups and possess unique characteristics, make board games an excellent tool for
strengthening social relationships and promoting teamwork. Furthermore, values such as
respect, fellowship, or brotherhood are potentiated through these experiences. (Cam-

poverde-Ordofiez & Espinoza-Freire 2019.)

They serve as valuable teaching mechanisms because students with different learning
styles can collaborate effectively. They prepare players to react to unpredictable events,
increasing the likelihood of problem-solving outside the classroom. Additionally, traditional
teaching methodologies such as lectures and required readings are less effective than a
learning process involving role-playing, simulations, team tasks, brainstorming, and inter-
active discussions. Games, the most ancient and time-honored approach to education, are
played primarily to face adversity and develop the skills needed to overcome it. (Tasnim
2012.)

Also, the established benefits include students gaining experience in decision-making and
collaboration as they navigate complex scenarios and uncertain conditions. Collaboration
implies considering individual strengths in games where a player is supposed to play to-
gether with other players to achieve a common objective. However, it is essential to note
that only some aspects of games are perfect; caveats include the possible oversimplification
of the natural world and the very real chance that it might focus people on figuring out who
made the biggest mistake rather than learning from these mistakes and perhaps losing a

game. (Despeisse 2018.)



2.3 Examples of Educational Board Games

The following subsections will explore some games designed to enhance cognitive abilities
and life skills, including but not limited to planning, decision-making, logical reasoning, and

navigating through challenges, among others.
2.3.1 Kloo

Kloo (Figure 1) originated from the inventive mind of Andrew, an American game designer
married to an ltalian woman. Driven by the desire to teach his daughters new languages,
he created this game when he observed their need for more enthusiasm for traditional lan-
guage lectures. Andrew set out to design a game replicating the natural process of learning
a first language. He found through experimentation that children and adults unconsciously
learned between twenty and thirty new words in their target foreign language per game.

(Fabrega n.d.)

“Brilliant Games, Amazing Results”
The Games Bunker

CE T
"‘N'- 2

4 Decks

Hundreds of Words
Millions of Sentences
First one to Paris Wins!

Figure 1. KLOO Learn French 'Race to Paris' (Amazon 2011.)

2.3.2 Monopoly

A globally-renowned traditional board game designed for up to eight players, this real estate
game involves buying and enhancing property pieces, aiming to accumulate the most
wealth by the game's conclusion. Essentially, the game serves as a representation of cap-

italist principles. (Fabrega n.d.)

In an interview, Philip E. Orbanes, who wrote "Monopoly, Money, and You: How to Profit

from the Game’s Secrets of Success", described how playing Monopoly (Figure 2) teaches



important life skills. These skills encompass strategic planning for achieving objectives in
games and real life, managing finances, diversifying investments, making decisions, nego-
tiating, and coping with challenges and elements of chance. Additionally, the game pro-
motes the development of mathematical abilities, aids children in understanding aspects of
adult life, and allows them to compete equally with adults. (Jingles 2013.)

)
VP

Figure 2. Children playing Monopoly (Kim 2021.)

2.3.3 Settlers of Catan

Another famous multiplayer game that emphasizes strategy is set on the fictional island of
Catan. In this game, each player has a settlement and competes to become the dominant
force in the region. Players must collect resources to build cities or roads, among other
strategic actions, to achieve this goal. (Fabrega n.d.)

During gameplay, participants learn valuable skills, including resource management, as
they decide where to allocate their limited resources. Negotiation skills are harnessed
through reliance on others for resource trades. Environment analysis becomes crucial for
success, as players must discern high-demand resources, understand how opponents have
established their settlements, and identify resources that are no longer relevant—losing
leverage in future negotiations if overlooked. (Fabrega n.d.)



2.3.4 Scrabble

A competitive board-and-tile game designed for two to four players involves creating words
on a board using lettered tiles (Figure 3). The game commences with players drawing seven
tiles from a pool, and they can exchange tiles after each turn. The frequency of use of the
corresponding letters in English words determines the point values of the letter tiles. Con-
sequently, higher frequency letters like 'a' yield fewer points than less common ones like 'z'.
(Britannica, T. Editors of Encyclopaedia 2023.)

Research conducted by Khaira, Ritonga, and Halim demonstrates that playing this game
can significantly enhance students' vocabulary compared to those who did not engage in it.

The findings reveal an average increase of 50% in learning outcomes. (Khaira et al. 2021.)

Figure 3. Closeup Photo of Scrabble Game Board (Gimpel 2018.)

2.3.5 Chess

A timeless classic strategy game originating in India boasts over five hundred years of his-
tory. This game (Figure 4) actively stimulates brain growth and has been linked to increased
IQ, as evidenced by a study involving four thousand students who improved their scores
after just four months of chess instruction. (Fabrega n.d.)



Moreover, chess imparts many valuable skills, including cultivating focus and concentration.
This stems from the necessity to concentrate entirely on the board, visualizing pieces,
moves, and potential countermoves for compelling gameplay. Additionally, chess instills the
importance of planning and foresight, encouraging players to think ahead of time. Logical
thinking becomes a key component, as players must constantly evaluate potential out-

comes of their moves and anticipate their opponent's responses. (Fabrega n.d.)

Figure 4. Chess match (Parzuchowski 2020.)

2.4 Contemporary Trends

Educational games offer invaluable learning benefits, but a recent trend has seen the sub-
stitution of traditional board games with digital versions. This shift is primarily driven by the
rapid integration of new technologies and electronic devices in classrooms, exposing chil-
dren to smartphones, tablets, video game consoles, and cutting-edge devices like virtual
reality glasses. (Raja & Nagasubramani 2018.)

The rise in technology adoption has expanded educational opportunities but has concur-
rently caused a marked reduction in the usage of traditional board games (Lee & Raziff
2021). Despite the soaring popularity of digital offerings, educational and health profession-
als continue to raise alarms about the dangers linked to excessive technology use. Re-



search, like that conducted by Alghamdi, points to detrimental effects on personal well-be-
ing, social interactions, and general health, including problems such as obesity, computer

vision syndrome, and depression. (Alghamdi 2016.)

However, it is crucial to recognize that technology and board games need not be incompat-
ible. There is an opportunity to merge both worlds' advantages and mitigate traditional me-
dia's decline. Atrtificial Intelligence (Al) plays a pivotal role in achieving this integration. Orig-
inally designed to bring human intelligence closer to machines, Al has evolved with techno-
logical advancements and the increased capacity for handling vast data sets. In the con-
temporary landscape, machines can tackle unprecedented challenges, such as autono-
mous driving, shape recognition, and the comprehension of arbitrary images. This collabo-
rative approach can harness the strengths of technology while preserving the unique ben-

efits of traditional board games. (Li et al. 2022.)



3 The Intersection of Al and Education
3.1 Al in Education

Artificial intelligence's integration into education began in the 1960s, spearheaded by the
US Department of Defense initiatives focused on equipping computers with the capability
to imitate basic human cognitive functions. The Defense Advanced Research Projects
Agency (DARPA) laid essential foundations for automation and systems that enhance hu-
man abilities, such as expert and intelligent search systems. Over the years, Al has pro-
foundly influenced various sectors, and its role in education has notably transformed

schools and classrooms, significantly easing the workload of educators. (Tahiru 2021.)

Al technology has already been integrated into our daily lives, affecting not only how we live
but also how we learn. Educational materials are now easily accessible through smart de-

vices, marking a significant shift in how people approach learning. (Tahiru 2021.)
3.2 Early instances of Al integrations

Automation of Administrative Tasks: Al processes repetitive administrative tasks, saving
educators valuable time grading exams and assessing homework. While technology exists
for grading multiple-choice exams, challenges arise regarding essay-type questions,
prompting ongoing research and development in employing Al for such tasks. For instance,
Al can automate the admission processes for new students entering educational institu-
tions. (Tahiru 2021.)

Innovative Content: Al applications are being developed to transform textbooks into effi-
cient exam preparation tools, incorporating features like true or false questions. Prominent
examples of these innovative content applications are Cram101 and JustTheFacts101,
which utilize Al to enrich textbook material by offering chapter summaries, flashcards, and
practice tests to improve understanding. Another significant innovation is the Netex Learn-
ing Al system, which facilitates the creation of digital curricula and educational content

through online support programs with audio and video illustrations. (Tahiru 2021.)

Intelligent Tutoring System (ITS): Since the 1970s and 1980s, Al researchers have pur-
sued the goal of self-tutoring, a concept originally developed by educational psychologist
Benjamin Bloom. This concept has significantly evolved. A key illustration of this progress
is the "Mike" Software from Carnegie Learning, which utilizes cognitive science and Al tech-

nologies to create a personalized student tutoring system. (Tahiru 2021.)
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An ITS is a computer program that, with Al, can grasp the students' current knowledge level
and develop the best learning approaches specifically curated for each student. (Syed et
al. 2017.)

More in detail, it provides a tailored series of information, tasks, and assessments for every
student. As a student tackles the material given, the system captures a wide range of data,
including the items clicked by users, typed inputs, and task responses. This data undergoes
an analysis to identify misconceptions and/or lack of knowledge in some areas. Then, the
subsequent information, tasks, and quizzes are presented differently for each student, cre-
ating an individualized progression through the learning material. This interactive process

continues in a loop until they have effectively learned. (Holmes & Tuomi 2022.)
3.3 State-of-the-Art Al Applications

The following subsections will explore some examples of famous Al tools to illustrate how
Al is currently being applied to education in several ways and for different end-users; these

end-users can be students, teachers, or even institutions. (Holmes & Tuomi 2022.)
3.3.1 Chatbots

The recent groundbreaking development of large language models, such as ChatGPT from
Open Al, has allowed a never-before-seen level of support in response to a request from
the student. These systems, among many other things, can provide entire essays, summa-

rize information, or explain concepts (Figure 5) in seconds. (Gan et al. 2023.)

ChatGPT 3.5

g You

Explain what a large language model is, do it taking into account that | am a child. Do it
in a maximum of 3 sentences

ChatGPT

A large language model is like a super-smart robot friend that knows a lot of words and
understands how to put them together. It helps people by answering questions, telling
stories, and even chatting with them. It's like having a clever buddy who loves words

and is always ready to help you with anything you want to know!

Figure 5. ChatGPT explaining what a LLM is



3.3.2 PhotoMath

11

PhotoMath is a convenient and intelligent mathematical tutor that is approachable to stu-

dents and their parents. It is an IA application available for mobile devices; it takes ad-

vantage of the camera for reading mathematical problems; by pointing it towards the prob-

lem, it can provide a step-by-step solution. (Nguyen & Chen 2016.)

3.3.3 Grammarly

Grammarly (Figure 6) is a real-time application that can help non-native and native English

speakers with grammar, writing, style, plagiarism, and tone. Many studies have highlighted

its positive impact on English language proficiency and writing performance. Soegiyarto

(2022) and Fitria (2021) found that the app significantly improved students' writing skills,

with Fitria noting a substantial increase in test scores.

©7.

Demo document

The basics

Mispellings and grammatical errors can m your credibility. The same
goes for misused commas, and other types of punctuation . Not only will
Grammarly underline these issues in red,_it will also showed you how to

correctly write the sentence.

Underlines that are blue indicate that Grammarly has spotted a sentence
that is unnecessarily wordy. You'll find suggestions that can possibly help

you revise a wordy sentence in an effortless manner.

But wait...there's more?

Grammarly Premium can give you very helpful feedback on your writing.

Passive voice can be fixed by Grammarly, and it can handle classical

word-choice mistakes. It can also help with inconsistencies such as

switching between e-mail and email or the U.S.A. and the USA.

It can even help when you wanna refine ur slang or formality level. That's
especially useful when writing for a broad audience ranging from

businessmen to friends and family, don't you think? It'll inspect your

B I U H H ¢ =i X 174 words

Figure 6. Grammarly Web-app

@) All suggestions

¢ Correctness - Fix your grammar

...for misused commas|/]and other...

..issues in red, but it will also...

Set some goals

...will also shewed show you how to..
LIS JEIER  Dismiss all 3

Correct your spelling
Mispellings
Correct your spelling

effect

Remove the comma
commas,

Remove a space
punctuation .

Add the word(s)

Change the verb form

showed

Unsolit the infinitive

HIDE ASSISTANT >>

63

Overall score

See performance >
Goals

Adjust goals >

9 alerts

Clarity
A bit unclear

Engagement
Abit bland

Delivery
slightly off

Style guide V]
All good

99 Plagiarism
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4 Artificial Intelligence (Al)
4.1 Overview

Before entangling what Al is, intelligence must be defined. Still, there has yet to be a widely
accepted definition since philosophers, engineers, psychologists, and many other societal
roles have their versions. In general, a thing is considered intelligent if it is adaptative and
autonomous, meaning there is no need to provide instructions constantly, and it can change

its behavior in front of environmental changes. (Linares 2022a.)

Due to the previous, Al lacks a single, widely accepted definition; Academic researchers
emphasize its complexity, and EU regulations focus on market access. UNICEF defines Al
as machine systems influencing environments based on human-defined objectives. At the
same time, another possibility could be researching how a computer can do tasks that hu-

mans are more capable of solving now. (Holmes & Tuomi, 2022; Linares 2022a.)

There are two main approaches or so-called schools of Al (Holmes & Tuomi, 2022; Linares
2022a.):

o top-down, symbolic, or knowledge-based

e bottom-up, connectionist, or data-driven.

Top-down Al is based on the idea that first, a professional in the field defines the rules and
logical principles; this is called expert knowledge. Then, once the expert knowledge is trans-
ferred, the Al can infer new concepts via deduction; these Als are usually called expert
systems. Still, one of its numerous limitations is the difficulty of surpassing the expert who
gave the knowledge. Nowadays, it is called the old Al, which is still useful but is losing
ground against the data-driven approach. However, unlike the other type, it allows for trans-
parent system behavior, which means the reasons behind every decision are clear and can
be understood. (Linares 2022a; Holmes & Tuomi, 2022.)

IBM's chess computer in 1997, Deep Blue, achieved a historic milestone by beating the
reigning world champion, Garry Kasparov (Figure 7), showcasing the prowess of expert
systems in Al. Deep Blue's strategy involved calculating future moves and evaluating chess
positions with insights drawn from chess masters. This blending of computation and expert
knowledge marked a turning point, demonstrating Al's capability in complex decision-mak-
ing. (Fyhn 2019.)
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» ACM Chess Challengge

Garry Kasparov
VS

Figure 7. World chess champion competing against Deep Blue (Mihalek 1996.)

Bottom-up Al has the opposite idea; it is based on simulating biology, meaning learning
from observation or experience; instead of introducing the rules, the Al is given a large
collection of examples from which it will infer them. It relies on the fundamental idea that a
computer can optimize predictions by adjusting its behavior based on large datasets and a
defined criterion for improvement, for example, finding the most probable word that follows

a sentence. (Linares 2022a; Holmes & Tuomi 2022.)

Bottom-up Al has achieved notable success in various fields over the last decade. The

reasons why it is currently on top are:

e exponential growth in available data
e reached enough computing power and storage

e development of complex learning models (Holmes & Tuomi, 2022; Linares 2022a.).
Exponential Growth in Available Data

The widespread adoption of digital devices and the rise of the Internet of Things (loT) have
resulted in an unprecedented surge in data collection. This abundance of information serves
as the lifeblood of bottom-up Al systems, empowering them to learn and adapt at an accel-
erated pace. With each passing day, the reservoir of data expands exponentially, providing
fertile ground for Al algorithms to glean insights and make informed decisions. (Linares
2022a.)

Attainment of Sufficient Computing Power and Storage

The evolution of hardware technology has played a pivotal role in propelling bottom-up Al
to its current zenith. Advances in processing units, such as GPUs and TPUs, coupled with
the emergence of cloud computing infrastructures, have equipped Al systems with the com-

putational muscle necessary to tackle increasingly complex tasks. Moreover, the availability
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of affordable, high-capacity storage solutions ensures that vast datasets can be stored and
accessed efficiently, fueling the continuous learning process of Al models. (Linares 2022a.)

Development of Complex Learning Models

The relentless pursuit of innovation within the field of artificial intelligence has yielded so-
phisticated learning architectures that underpin the success of bottom-up approaches. Re-
searchers have devised intricate neural network architectures, such as convolutional neural
networks (CNNs) and "you only look once" networks (YOLO) (Figure 8), capable of extract-
ing intricate patterns and relationships from raw data. Additionally, breakthroughs in tech-
niques like reinforcement learning and generative adversarial networks (GANs) have broad-
ened the repertoire of Al systems, enabling them to exhibit increasingly nuanced behaviors
and capabilities. (Linares 2022a.)

Aprox. # of persons: 24

Figure 8. Person tracking with YOLO, a real-time object detection system

However, this kind of Al has some serious limitations that the other type did not have, such
as privacy issues, algorithmic discrimination or bias, algorithmic opacity, lack of veracity due
to synthetic generation of videos, audio, photos, and text, excessive carbon footprint, etcet-
era. (Linares 2022a.)
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Apart from the two schools of Al, there is also a difference between generative Al and dis-
criminative Al; generative Al, as the name implies, occurs when it can produce new data
samples that are similar to the training data; an example is Stable Diffusion. In contrast,
discriminative Al finds patterns in the data for a future never-seen input value to predict

what it is, for instance, a detector of spam emails. (Linares 2022a.)
4.2 Machine Learning (ML)

ML is an area inside Al based on the bottom-up approach; this is the area of study dedicated
to enabling computers to learn without being explicitly programmed to do so (Figure 9), in
other words, without human intervention. It is nothing new or revolutionary; it uses well-

known statistical and mathematical concepts. (Linares 2022b.)

L’ orwa Amoweo n

—,

—

1

s (0 )
——

Figure 9. Traditional Programming VS ML

A so-called ML model is an algorithm generated on the provided data; it attempts to estimate
a function f(x) from data (Formula 1); this function f(x) is the model, where y is the output
and x is the input. The simplest ML model is a linear regression (Figure 10); from examples,
it estimates a linear relationship between the input independent variable and the output.
Once a model is obtained, it becomes possible to estimate outputs for new inputs; the ac-
curacy of the results depends on how effectively the learning model can represent the prob-
ability distribution of the data, meaning that there will always be an error because it is a

prediction not the actual answer. (Linares 2022b.)

y=f (1)
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Figure 10. Example of linear regression (Linares 2022b.)

Al, in general, but especially ML, should only be used if there is no other analytical method
available; the reason is that Al only gives us a prediction, and as such, it has a degree of
error; it is not the perfect answer, it is a close-enough one that sometimes is useful. (Linares
2022b.)

However, ML should be applied in cases such as when

o the task is too hard or impossible to be programmed manually
e adaptability is required
o sufficient data is available

o facing large space search problems (Linares 2022b).

In summary, ML consists of a range of algorithms and methods designed to autonomously
learn from provided data to find a general model capable of giving great results against data

not seen before. This process is called knowledge induction. (Linares 2022b.)
There are several types of ML:

e supervised

e unsupervised

¢ reinforcement learning
e semi-supervised

e self-supervised (Linares 2022b).

Supervised learning is used when labeled data is provided, for instance, images of animals
and the labels describing which animal is in the picture; this information can be used to

make classifications or to solve a regression problem, which predicts a numerical value
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such as how much liters of gasoline a car is going to consume given his specs, whereas, in
unsupervised learning, there are no labels attached to the data, the Al, in this case, aims,

for example, to figure out hidden patterns and detect anomalies. (Linares 2022b.)

With reinforcement learning, the algorithm is rewarded or penalized depending on its be-
havior; if it helps it reach its objective, it is praised and encouraged to continue in that direc-
tion, and if not, it is punished (Figure 11). The actions taken at first are random, but after
the training process, they will no longer be due to the previously explained reward-punish-

ment approach. (Linares 2022b.)

>

reward
X

internal state

l environment
OA .
» action §
—
> I

learning rate o S
inverse temperature
discount rate y

observation

Figure 11. Reinforcement Learning (Das 2017.)

4.3 Supervised Learning

As stated before, its objective is to predict the label, also called the dependent variable, of
a future set of features, also named attributes or independent variables, with a high level of
accuracy, in other words, to generalize outputs in front of non-observed input data, thus
successfully applying the knowledge acquired from the previously shown examples during

the training phase. (Linares 2022b.)

If the prediction is a class or label, it is a classification; otherwise, if it is a numeric value, it
is a regression. Classification can be divided into two types: binary and multi-class. Binary
classification involves the Al choosing between two distinct labels, such as determining
whether an image depicts a cat or a dog. In contrast, with multi-class classification, it must
decide between more than two possibilities, such as when predicting a medical diagnosis.
(Linares 2022b.)

In the training stage, relevant features are selected from the examples to build a model

using any of the different ML algorithms. Meanwhile, in the prediction process, the identical
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set of pertinent features is extracted from the new input and then forwarded to the previously
generated model to yield a prediction; Figure 12 depicts this concept. These two phases

are not necessarily done on the same machine or platform. (Linares 2022b.)
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Figure 12. Supervised Classification (Bird et al. 2019.)

The feature extraction step is of paramount importance because obtaining good predictions
depends solely on which features are chosen and which ML algorithm is applied; for in-
stance, some algorithms have a well-known issue, “the curse of dimensionality”, which

stands for: the more features it must consider the less accurate it will be. (Linares 2022b.)

For this reason, the first step is to perform exploratory data analysis or data cleaning. It
involves investigating the data gathered by finding patterns, spotting anomalies, testing hy-
potheses, and summarizing their main characteristics, often employing data visualization
methods. (Linares 2022b.)

4.4 Error Metrics

A fundamental question is How good the created model is; these metrics differ depending
on the type of ML in use; in addition, it is unrecommended to calculate these metrics with
the training data since the model could have memorized it, making it perform extremely
poor in predicting results for new inputs, in other words, the model is not generalizing well,
this problem is called overfitting. Therefore, a common practice is to use a test set, known
as the hold-out technique; not all the available information is used for training the model; a

small fraction is reserved for measuring its accuracy. (Linares 2022b.)
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The hold-out technique allows for more statistically trustworthy metrics describing what
would happen in front of new data; with it, overfitting and underfitting could be detected by
comparing the metrics obtained from the training dataset and validation dataset, as shown
in Figure 13; underfitting is the situation in which the model is too simple to explain the
variance, meaning that it has not been able to learn effectively, it can be further improved.
(Linares 2022b.)
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Figure 13. Comparing metrics (Linares 2022b)

To identify overfitting, the learning curve plots of training and validation must be compared;
overfitting happens when a model's performance continually improves on the training

dataset but deteriorates on the test or validation dataset. (Linares 2022b.)

To prevent overfitting, it can be done the following:

e obtain more data, preferably of higher quality
e early stopping

e cross-validation

e ensembling

e use of regularization (Linares 2022b).
Meanwhile, to prevent underfitting:

e change to another ML algorithm

e obtain more data, preferably of higher quality (Linares 2022b).

Early stopping is a mechanism based on halting the training process once the trade-off point
is reached; the trade-off is when the model is not under-fitted or overfitted. Meanwhile, reg-
ularization is a technique that forces the ML algorithm to avoid learning small details by

randomly deactivating some neurons, making the training process more demanding. In con-
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trast, cross-validation gives better metrics and reliable models thanks to a systematic rep-
etition of the hold-out technique; this approach entails splitting the data into several subsets
or folds, assigning one fold as the validation set, and training the model on the other folds.
This process is iterated, with each fold serving as the validation set. The results from each
validation phase are then averaged to derive a final result. Lastly, ensembling combines

multiple ML algorithms by mixing the predictions of several models. (Linares 2022b.)
4.5 Evaluation of Classification Algorithms

Classification techniques estimate the probability of belonging to a specific class; in other
words, they not only deliver that a given image is of a dog but also its percentage of security,
how sure the ML model is of its answer; this is called the degree of confidence. (Linares
2022c.)

In assessing a classification model's performance, two fundamental elements are
considered: the actual outcome, often referred to as 'y', and the model's predicted outcome,

commonly denoted as'y'. The model's prediction is categorized into four types: true positive,

true negative, false positive, or false negative. (Linares 2022c.)

For example, consider a model designed to forecast whether an individual is likely to
contract a specific illness. This model is developed using datasets that include individuals'
information alongside predictive variables like age, gender, etc. Each individual's data is
marked with an indicator specifying whether they are expected to contract the iliness. An
occurrence of the disease is indicated when the label is y = 1; conversely, if y = 0, the
disease is not expected to occur. Considering this, Table 2 demonstrates the distinctions

among the four prediction categories. (Linares 2022c.)

Table 2. Types of predictions — Confusion Matrix

Predicted Outcome

y=1 y=0

y=1  True Positive False Negative
Real outcome
y =0 JEEEEREINZ-IN True Negative

Table 2 is also known as a confusion matrix, representing a tabular distribution of the four
previously mentioned types; the correct predictions are in the diagonal, which is what must

be maximized to increase the model's performance. (Linares 2022c.)
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Once the confusion matrix is obtained, several useful metrics can be extracted; some of

these are the following:

e accuracy
e error rate

e precision

e recall or sensitivity
e specificity

e F-measure (Linares 2022c).

Accuracy (Formula 2) is the fraction of predictions the model successfully predicted well out
of all predictions, ranging between zero and one; these extremes represent always missing
or never failing in a prediction. In addition, the complement of accuracy is the error rate
(Formula 3). However, these metrics alone are untrustworthy because they may not tell the
full story; for instance, if there are one hundred samples in the dataset from which ninety-
five are of class “dog” and the rest “cat”, if the model always returns class “dog” it will have

an accuracy of 95%; to solve this issue the other metrics come into play. (Linares 2022c.)

True positives+True negatives
Accuracy = — — - - (2)
True positives+False positives+True negatives+False negatives
Error Rate = 1 — Accuracy (3)

Precision (Formula 4) is used to know the proportion of correct positive predictions, gener-
ally when it is critical to minimize the number of false positives; for example, in a spam
detector, if the model has a great number of false positives, many emails that are not spam

are classified as such, thus defeating the purpose of its use. (Linares 2022c.)

True positives
(4)

Precision = — —
True positives+False positives

Like precision, sensitivity/recall (Formula 5) measures the proportion of actual positives cor-
rectly identified; this is done by dividing all the times that the model outputted positively, and
it was correct by all the times that the value was positive. It is used in cases where truth
detection is of utmost importance, in other words, when the number of false negatives needs
to be minimized, such as when providing a medical diagnosis for cancer; in this case, if the

metric is low, it will result in no cancer when there in fact is. (Linares 2022c.)

Sensitivity = True positives (5)
Y= True positives+False negatives

Specificity (Formula 6) aims to measure the proportion of actual negatives correctly identi-

fied, which is the symmetric metric of sensitivity; if the specificity score is low, there are
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many false positives. False positives are samples classified as positive when there were
negative; this provokes, for example, that a spam detector is constantly identifying emails

as spam when they were not. (Linares 2022c.)

Specificity — True negatives (6)

True negatives+False positives

Lastly, F-measure, also known as F1 (Formula 7), is a metric that summarizes the previous
ones by combining precision and recall into one nhumber. Maintaining a balance between
precision and recall is vital, as an imbalance—where the model exhibits high precision but
low recall or the reverse—will lead to a lower F1 score. If both are high, the F1 score will be
high. (Linares 2022c.)

2xprecisionxrecall (7)

F —measure = —
precision+recall

4.6 Deep Learning (DL)

Deep learning based on neural networks (Figure 14) is the most cutting-edge ML technique
of the moment, not the best for every use case due to, for instance, not being the most
suitable in front of structured data, but when facing unstructured data is excellent, such as

the case of images, videos, raw text and many more. (Linares 2022d.)

Deep neural network

Input layer Multiple hidden layer Output layer

Figure 14. Example of Deep neural network (IBM 2024)

Deep learning is inside a field called representational learning; this field focuses on the idea
of avoiding the feature engineering step; instead of manually selecting the features that the
ML model must consider when deciding, an advanced ML technique automatically chooses
them; the algorithm will find the best features and patterns even the ones hidden from us

humans and will learn from them. (Linares 2022d.)



23

Deep learning represents the pinnacle of representational learning technologies. Designed
to mimic the human brain's processing through multi-layered artificial neural networks, it
enables computers to identify intricate patterns within data across various forms such as
images, text, sounds, and beyond, facilitating precise predictions. (Linares 2022d; Amazon
Web Services 2024.)

Deep Learning (DL) is widely used in numerous domains, such as facial recognition, speech
recognition, natural language processing, and recommendation systems. In facial
recognition, DL models analyze images to identify individuals accurately. In speech
recognition, these algorithms can accurately interpret spoken words, accommodating
variations in speech patterns, pitch, tone, language, and accent. For natural language
processing, DL models are adept at extracting meaning and insights from textual data. In
recommendation systems, DL algorithms analyze user behavior to generate tailored

recommendations. (Amazon Web Services 2024.)

An artificial neuron is a small computing unit that can achieve intelligent behavior by con-
necting several of them in a network; it was introduced in 1943 by the name of threshold
logic unit or linear threshold unit, but it was not refined until 1958 with the perceptron. (Li-
nares 2022d.)

A neuron or single unit comprises a series of inputs with weights; the weights establish how
important an input is; this includes a bias, an independent term that influences the output
independently of the inputs, and an activation function that is applied to the sum of the bias
and the products of each input with its corresponding weight (Formula 8); Figure 15 illus-

trates this concept. (Linares 2022d.)

Output = o(b + X, a; *w;) (8)

bias or independent term

Activation function

Figure 15. Artificial Neuron (Linares 2022d)
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The activation function also receives the name of non-linearity; multiple functions can be
used, but these functions must be derivable. One of the classical ones is the sigmoid func-
tion (Formula 9). (Linares 2022d.)

1
(@)= =

(9)

In 1989, George Cybenko formulated the universal approximation theorem, which asserts
that any neural network containing at least one hidden layer (Figure 16) can approximate
any continuous function, provided the inputs fall within a certain range. This implies that
deep learning can perform any task, regardless of its complexity, with a specific degree of
error. (Linares 2022d.)

Input Layer Hidden Layer Output Layer

weight

height

Figure 16. A Simple Neural Network (Linares 2022d)

Therefore, deep learning is based on neural networks; it needs more than 1 hidden layer to
be considered as such. A neural network is a collection of artificial neurons interconnected
through several layers. The first layer is always the input layer, the last is the output layer,
and the rest are the hidden layers. (Linares 2022d.)

The neural networks are randomly initialized, and during the training process, the weights
and biases of each neuron are tuned to minimize a cost function, also known as the loss
function; this function describes the error produced calculated from how far the predictions
made by the network are from the actual values. These weights and biases are tweaked

using a famous algorithm called backpropagation. (Linares 2022d.)

Although the theory was developed during the 90s, it was not until recently that it exploded
in popularity due to a key event in 2012: a contest for classifying images, ImageNet, was
won by a colossal margin using a DL model, after that, the use of neural networks was not

questioned again. (Linares 2022d.)

The final set of values of all weights and biases is the real knowledge extracted from the

input dataset. To obtain them, a training process occurs in which an example is introduced.
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A result is produced with a certain error, and the backpropagation algorithm sends back-
ward gradients to update the weights and biases of the neurons; this process is repeated

until the expected results are achieved. (Linares 2022d.)

In ML, the gradient is the loss function's slope or rate of change. Specifically, since the
objective is to minimize this loss function, the gradient is used to adjust the weights and
biases because it provides insights into the direction and extent of the most pronounced
ascent or descent, guiding us in tuning the parameters to progress toward the minimum of
the loss function thus the model is tweaked to get closer to the best possible outcome for

the task, this concept can be seen in Figure 17. (Shonel n.d.)
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Figure 17. Gradient Descent (Crypto1 2024)

4.7 Convolutional Neural Networks (CNN)

Convolutional neural networks (CNNs), a subset of deep learning techniques, have revolu-
tionized image processing and computer vision (Pinaya 2020; Bisong 2019). These net-
works are uniquely tailored to handle image data efficiently. They achieve this through a
design that includes local connectivity, where neurons are linked to only a small, localized
region of the previous layer, focusing on specific features like edges or textures. CNNs also
feature spatial invariance, enabling them to recognize objects regardless of their position
within an image. Additionally, their hierarchical organization allows them to process visual
information in stages—from simple to complex features—mirroring how biological systems
process visual inputs (Pinaya 2020). Unlike traditional fully connected networks, CNNs use
convolutional layers that specifically target image-related tasks, setting them apart in ver-

satility and effectiveness in fields like computer vision and natural language processing.
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Inspired by the visual systems of living organisms, CNNs are adept at various applications
due to these specialized capabilities. (Ketkar 2017; Ghosh 2019.)

A convolution is a common image processing technique that involves selecting an area,
typically a square, around a pixel. The neighboring pixels are then considered to alter their
value. For this purpose, a kernel or filter is used; it consists of weights that multiply with the
pixel to achieve effects like blurring, sharpening, edge detection, and various others. The
kernel is applied to the input image through a process called convolution, where the values
in the kernel are applied to the respective pixel values of the image, and the resulting prod-
ucts are aggregated to produce a new pixel value for the resultant image, as shown in
Figure 18. (Linares 2022¢)
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20 | 24 (11|12 |16 |19 Sobel Kernel Output (4x4)
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9 |18 8 | 6 |11 |22 (21 x 1) + (40 x ©) + (25 x -1) = 3
1 0 |-1
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Figure 18. Example of a convolution operation (Kromydas n.d.)

One of the motivations behind the development of such neural network architecture was
that when using a regular neural network, the number of trainable parameters depends on
the image data, which is generally quite large, for instance, a minute image of 300x300
pixels with 3 channels for color representation has 270000 unique inputs making it unman-
ageable. Another reason is that fully connected layer neural networks tend to look at each
pixel individually, so they will miss essential details and be prone to overfitting due to having

one neuron for each pixel. (Kromydas n.d.; Linares 2022e.)

The CNN was designed to tackle these issues, being able to recognize from shapes to
entire entities such as cars while having at the same time an independent number of pa-

rameters regarding the image size; all the parameters only depend on the filter size and the
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number of filters. Later, with the visual information gathered, the CNN passes this
knowledge over to a regular neural network that can translate this visual information into a
tangible output. (Al Tango 2024; Linares 2022¢.)

In image processing, the filter weights are provided by the kind of operation carried out in
the original image, whereas, in a convolution layer of a CNN, the weights will be learned
based on its initial random values and the training process, finally automatically correspond-
ing to a specific feature detection such as an edge or a mouth, therefore in practice, a filter

is just one neuron. (Linares 2022e.)

The result of a convolution layer is a new representation of the image, a 3D volume whose
depth depends on the number of filters applied (Figure 19). Each filter is moved across all

the image pixels, obtaining an activation map. (Linares 2022e¢.)
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Figure 19. Result of a convolutional layer (Linares 2022¢)
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During the training process, the different layers of a CNN learn a hierarchical representation
of the features of the image, meaning that the first layers recognize simple, low-level con-
cepts like edges. In contrast, the last ones recognize high-level concepts thanks to the pre-

vious layers' efforts, allowing them to differentiate wheels, mouths, etc. (Linares 2022e.)

Apart from the convolutional layers, there is also another kind, the max pooling layer, whose
objective is to reduce the size of the volumes produced by the convolutional layers to keep
the computational cost under control. The final depth does not change; thus, the CNN keeps
paying attention to the same number of features, but it makes the activation maps smaller

by selecting maximums. (Linares 2022e.)
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4.8 Data Augmentation

Training a good, performant ML model requires a large dataset; this is even more important
when discussing a DL model like a CNN. Therefore, there is a common way to generate

more data samples artificially; this mechanism is called data augmentation. (Linares 2022e.)

Data augmentation when working with images consists of performing subtle transformations
or random changes to each image to get more images to train with (Figure 20); these new
images are labeled as the original ones. It drastically increases the metrics in small da-
tasets. (Linares 2022e.)
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Figure 20. Example of augmentation (Kumar 2019)

Each pre-processing technique has unique benefits and disadvantages, for instance in the
case of merging all color channels into one, it will result in a black-and-white image that, in
turn, will make the model faster since it has less information to revise and insensitive to the

subject color, but it can only be used when the color is irrelevant. (Nelson 2020.)
4.9 Advantages of a Fully Localized Al

Integrating Al has traditionally relied on server-based computing to handle complex pro-
cessing tasks. However, the evolution of technology now allows for fully localized versions
of these Als, eliminating the need for constant server communication. This shift towards a
local implementation offers numerous advantages, including improved accessibility, en-

hanced privacy, security, and greater educational value. (Lampou 2023.)
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Enhanced Accessibility and Reliability

One of the most significant benefits of a fully localized Al is its accessibility. Without an
active internet connection to a server, the product can be deployed anywhere, at any time,
making it an invaluable tool for learning in environments where internet access is unreliable
or unavailable. This feature is particularly beneficial for educational settings in remote or
underserved areas, ensuring that geographical constraints do not limit learning opportuni-
ties. (Bayeck 2020.)

Moreover, the reliance on local processing eliminates latency issues commonly associated
with server-based applications. Users experience seamless interactions with the product,
with instant feedback and no delays, leading to a more engaging and enjoyable learning

experience. (Bayeck 2020.)
Privacy and Security

By processing data locally on the device, fully localized Al offers enhanced privacy and
security for users. In an era where data privacy concerns are paramount, local processing
means sensitive information, such as personal data or educational progress, is not trans-
mitted over the internet or stored on external servers. This significantly reduces the risk of
data breaches and unauthorized access, offering peace of mind to students and educators
alike. (Papadimitriou et al. 2019.)

Furthermore, local processing complies with stringent data protection regulations, making
it easier for educational institutions to adopt these tools without navigating the complex legal

landscape of data privacy laws. (Papadimitriou et al. 2019.)
Educational Value and Customization

A fully localized approach allows for the customization of the educational content to match
the individual or group's specific needs and learning pace. Unlike server-based systems,
which may offer generic responses or content, localized Al can adapt dynamically to the
users’ progress, providing personalized challenges and feedback tailored to their unique

learning journey. (Imani & Mulyanto 2023.)

This adaptability enhances the product’'s educational value, as it can adjust the difficulty
level in real-time, introduce new words or concepts based on the student’s proficiency, and
even integrate culturally relevant content that makes learning more relatable and effective.
(Imani & Mulyanto 2023.)
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Operating an Al-enhanced educational board game locally eliminates the need for continu-

ous server use, which can be cost-prohibitive for developers and educational institutions

(Figure 37). By reducing the reliance on cloud computing resources, the overall operational

costs of maintaining and scaling the game are significantly lowered. This makes it more

economically viable to provide these educational tools to a wider audience, including

schools and communities with limited funding. (Price & Moore 2008.)
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Moreover, local processing is more energy-efficient, contributing to environmental sustain-

ability. Data centers powering cloud computing consume vast amounts of electricity and

contribute significantly to carbon emissions. By minimizing the use of these resources, fully

localized products present a more sustainable option for technology-enhanced learning.
(Price & Moore 2008.)
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5 Computer Vision (CV)
5.1 Overview

CV is fundamentally concerned with endowing computers with the ability to comprehend
and interpret visual data from images and videos (Pandey 2023; Deshmukh 2021). This
multidimensional domain encompasses an array of tasks, including but not limited to image
classification, object detection and recognition, and semantic segmentation, each of which
contributes to the holistic understanding of visual content. (Pandey 2023.)

The significance of computer vision is underscored by its wide-ranging applications across
various industries, which include video surveillance, biometrics, automotive, medicine, and
many more. For example, in video surveillance, computer vision algorithms facilitate detect-
ing anomalies and identifying objects or individuals of interest, enhancing security
measures. (Pulli 2012.)

Furthermore, computer vision is not considered Al in the strictest sense. While computer
vision is closely related to Al (Figure 21), it is more focused on enabling computers to inter-
pret and understand the visual world by analyzing images and videos to extract information.
While Al technology can enhance computer vision to improve its capabilities, such as when
using CNNs, they are distinct fields with different focuses and applications. (Inuwa 2023.)

Artificial Intelligence

A programme, which can sense, think, act and
adapt

Robotics Machine Learning

Deep Learning

convolutional
neural
network

Computer Vision

Figure 21. Relation between Robotics, Al, CV, and DL (Chandaliya 2020)
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5.2 OpenCV

OpenCV, an acronym for Open Source Computer Vision Library, is the world's largest library
dedicated to computer vision. It is tailored for computer vision and machine learning projects
by offering a unified platform for various vision-based tasks, facilitating the integration of

machine perception into commercial products. (Cervara 2020; OpenCV Team 2024.)

As referenced in Figure 22, the library contains more than 2500 optimized algorithms that
span traditional and contemporary computer vision and machine learning techniques.
These algorithms support an extensive array of capabilities, such as detecting and recog-
nizing faces, identifying objects, classifying human actions in videos, tracking camera move-
ments, modeling 3D objects, stitching images, searching for similarities in image databases,
removing red-eye, tracking eye movements, recognizing scenes, and placing markers in

augmented reality environments. (OpenCV Team 2024.)

4 4 )
Core ML
Basic structures, Tools for classification
algorithms and
and drawing functions clustering
NG - J
4 4 )
cv HighGUI
Image processing Graphical user interface
and and 1/O functions
vision algorithms for images and video
e J

Figure 22. The basic structure of the OpenCYV library (Kozlowski & Krolak 2009)

OpenCV enjoys a vast user community of over 47 thousand people, with estimated down-
loads exceeding 18 million. It is extensively employed by companies, research groups, and
governmental bodies worldwide. Notable users include Google, Yahoo, Microsoft, Intel,
IBM, Sony, Honda, and Toyota, as well as startups like Applied Minds, VideoSurf, and Zeit-
era. (OpenCV Team 2024.)

The library is compatible with several programming languages, such as C++, Python, Java,
and MATLAB, and it supports different operating systems, including Windows, Linux, An-
droid, and macOS. OpenCV is primarily written in C++. (OpenCV Team 2024.)
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5.3 Common Image Processing Techniques

One of the foundational aspects of CV is image processing, a set of techniques for manip-
ulating and analyzing images to extract meaningful information, thus empowering machines
to interpret and understand visual data. This collection of methods involves using algorithms
to manipulate images, either to improve the quality of an existing image or to extract vital
information from it. (Pain 2024; Kundu 2023.)

In image processing, there are several techniques commonly used, including the following:

o filtering and convolution

e histogram equalization

e edge detection

e image transformation and conversion
o feature detection and extraction

e image segmentation

e object detection and recognition (Pandey 2023).
Filtering and convolution

Convolution is employed to apply filtering techniques like blurring, sharpening, and noise
reduction to images. It entails moving a filter or kernel across an image and executing math-
ematical computations on individual pixels. This method achieves anti-aliasing, edge detec-

tion, and texture elimination enhancements. (Pandey 2023.)
Histogram Equalization

Histogram equalization distorts the distribution of the pixel intensity values in the image to
give a better contrast of the image. Extending the histogram uses the image's full dynamic
range and improves the clarity and detail perception of the output image. This becomes
very useful if there is poor light or the contrast is not high, although improving image quality

is hard to accomplish. (Pandey 2023.)
Image Transformation and Conversion

Image transformation entails transforming the geometric properties of images for certain
goals. Most of the changes made involve translation, rotation, scaling, and displacement,
which are all parts of the transformations that assist in operations like image alignment,
registration, and perspective correction. Image transformation could then be used to effect
changes in the orientation, size, and/or spatial arrangements that could be useful in analyz-

ing and interpreting the image in the subsequent processes. (Pandey 2023.)
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Grayscale conversion and thresholding are fundamental techniques often employed. Gray-
scaling is transforming a color image into a grayscale version, where each pixel is depicted
by a single intensity value that spans from black to white. This simplification retains essential
image information while reducing computational complexity. Thresholding, on the other
hand, involves segmenting an image based on a specified intensity threshold. Pixels with
intensity values above the threshold are assigned one value, while those below it are as-
signed another, effectively partitioning the image into foreground and background regions.
These techniques are crucial in various image processing tasks, including feature extrac-

tion, object detection, and image segmentation. (Pandey 2023.)
Edge detection

The edge detection algorithm seeks to identify significant transition boundaries within an
image—namely, abrupt changes in brightness like edges, curves, or the outlines of objects.
It plays a pivotal role in numerous applications, such as detecting objects, analyzing shapes,
and extracting features. Prominent algorithms used for this purpose include the Canny edge
detector (Figure 23) and the Sobel operator. (Pandey 2023.)

4
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Figure 23. Canny Edge detection applied (Sahir 2019)

Feature detection and extraction

These algorithms are engineered to detect distinct visual patterns or structures in images,
such as corners, edges, patches, or textures. Once these elements are identified, the algo-
rithms employ numerical techniques, like histograms of oriented gradients (HOG), to extract
and describe patterns. The detection and extraction of these features are essential for nu-
merous applications, including object recognition, image fusion, and image localization.
(Pandey 2023.)
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Furthermore, contour detection is a crucial technique frequently employed in computer vi-
sion tasks facilitated by libraries like OpenCV. Contours are essentially the outlines or
boundaries of objects present within an image. OpenCV provides several algorithms for

contour detection, such as the popular "findContours" function (Figure 24), which locates

and extracts these outlines. (Pandey 2023.)

Figure 24. Finding Coordinates of Contours (GeeksforGeeks 2023)
Image Segmentation

Image segmentation is a partition of the image into several regions or sets, disjoint from
each other, where each partition plays the attribute of the pixels in the image. In other words,
it's splitting an object from the background or splitting an image into meaningfully grouped
sections. Applying these techniques is a crucial initial step in various computer vision appli-
cations, including object detection, image annotation, and semantic understanding, due to

the contribution to more accurate analysis and interpretation of visual data. (Pandey 2023.)
Object Detection and Recognition

Object detection and recognition entail identifying and classifying specific object patterns
within an image or scene. This process typically necessitates training machine learning
models using carefully curated datasets, which help the models learn the visual character-
istics of the objects. Innovations in CNNs (Convolutional Neural Networks) and deep learn-
ing architectures have significantly advanced these tasks, enhancing the accuracy and ro-

bustness of object recognition across various fields. Some of the most critical applications
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of these technologies include autonomous driving, surveillance systems, and facial recog-
nition, all of which have seen notable improvements in efficiency and precision due to these

technological advancements. (Pandey 2023.)
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6 Case: Al-Enhanced Intelect game
6.1 Introduction

Intelect (Figure 25) is an educational board game that exercises the mind while being en-
tertaining, and its main objective is to improve vocabulary and mental agility. Intelect is a
Scrabble-like game with a unique peculiarity. It is focused on learning new Spanish words;
thus, the different quantities of word tiles are optimized to have a higher chance of drawing

the most common characters, such as ‘a’ and ‘n’. Therefore, it is understandable that the

game is only available in that language.

Figure 25. Intelect Deluxe (Falomir 2011)

More in detail, Intelect is a crossword game where players rely on both chances, as they
draw letter tiles, and their linguistic skills to compose words strategically and accumulate
the highest score. The objective is to amass points throughout the game, with the ultimate

victor being the player who achieves the highest score when the game concludes.
6.2 Integration of Al

To enhance the educational and interactive aspects of Intelect, Al can be seamlessly inte-
grated into the game experience. There are many possible ways to achieve this; in this
practical case, it involves combining the cross-word game with a mobile application that

utilizes Al capabilities.

For a clearer understanding of the potential contributions of Al to the educational board

game experience, consider the following: In this integration, players will use a mobile app
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designed to capture the words formed by the letter tiles on the game board through a photo,

and subsequently, validate these words against the Spanish language dictionary.
Therefore, the Al-driven application offers several functionalities, including:

¢ Word Recognition: The Al can accurately recognize and identify words formed by
players on the physical game board, ensuring a seamless transition between the
traditional and technological aspects of the game.

¢ Dictionary Validation: Once words are recognized, they will be validated against
an extensive Spanish language dictionary, ensuring that only valid words are ac-
cepted, contributing to the educational value of the game.

e Scoring Automation: The app can automate the scoring process, calculating the
points for each word based on the game's rules. This speeds up the gameplay and
eliminates human error in scoring.

e Game Progress Tracking: The application can keep track of the game's overall
progress, maintaining a record of each player's scores and moves. This feature al-

lows for a more dynamic and interactive gaming experience.

By integrating Al in this manner, the objective is to complement the traditional board game
format with the advantages of modern technology. This integration does not aim to replace
the traditional format but rather to create a synergy between traditional gameplay and the
benefits offered by Al and mobile technology. The result is a novel and enriched form of
interaction that combines the familiarity of the traditional game with the advancements and

convenience afforded by Al and mobile applications.
6.3 About the Technologies Used

In the modern landscape of technology-driven innovation, utilizing cutting-edge tools and
platforms is paramount for achieving success in various domains. In this practical case, a
convergence of powerful technologies has been harnessed to accomplish diverse objec-

tives efficiently and effectively. The key technologies employed were the following:

e unity 3D

e google colaboratory
e tensorflow

e Kkeras

e opencv.
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Unity 3D

Unity is an integrated development environment and game engine designed to create inter-
active media, primarily video games. It manages various elements, including graphics, au-
dio, physics, interactions, and networking. Known for its rapid prototyping abilities, Unity

supports multiple publishing platforms, from smartphones to game consoles. (Haas 2014.)

It is also a powerful and versatile platform, extending its capabilities beyond gaming into
various non-gaming applications; for instance, architects utilize Unity to create immersive
3D simulations for building visualization, helping clients make informed decisions and re-
ducing costs. The automotive industry benefits from Unity in designing and prototyping ve-
hicles, allowing engineers and designers to test materials and driving conditions. Medical
professionals use it for risk-free virtual training in healthcare, improving patient outcomes.
The education sector is experiencing a revolution through augmented reality and virtual

reality applications, enhancing student learning experiences. (Bleeding Edge Studio 2023.)
Google Colaboratory

Google Colaboratory (Figure 26), commonly called Colab, is a cloud-based platform built
on the foundation of Jupyter Notebook, facilitating the implementation of machine learning
and deep learning techniques. It offers complimentary access to Graphical Processing Units

(GPUs), essential for effectively applying deep learning principles. (Gujjar & Kumar 2021.)

( & dataAugmentation.ipynb
File Edit View Insert Runtime Tools Help Lasteditedon 14 March

B comment & Share £ g

+ Code + Text Connect + A

Note: you may need to restart the kernel to use updated packages.

Q
[ 1 img_size = (32, 32)
{x} original_train_dir = "type - DELUXE/DeluxeV3/"
output_path = "../../trainDeluxeV3/"
(o]
[ 1 num_augmented_images = int(input("Enter the number of augmented images to generate per class: "))
O ) )
# Remove the output directory if it exists
if os.path.exists(output_path):
shutil.rmtree(output_path)
for class_name in os.listdir(original_train_dir):
if class_name.startswith("."):
continue
class_path = os.path.join(original_train_dir, class_name)
pipeline = Augmentor.Pipeline(class_path, output_directory=os.path.join(output_path, class_name))
# Add augmentation operations
pipeline.rotate(probability=0.7, max_left_rotation=15, max_right_rotation=15)
pipeline.zoom_random(probability=0.5, percentage_area=0.8)
pipeline.random_brightness(probability=0.5, min_factor=0.8, max_factor=1.2)
pipeline.random_contrast(probability=0.5, min_factor=0.8, max_factor=1.2)
<>
pipeline.sample(num_augmented_images)
=

Initialised with 635 image(s) found.

Output directory set to OriginalV3/EXTRA_CELL/../trainOriginalV3/EXTRA_CELL.Processing <PIL.Image.Image image mode=L size=32x32 at @x104E
Initialised with 12 image(s) found.

Auibimiib A% mmnbnme Ank b AmimimadVD /AUL Fhaniafaiaian] V3 /AU Ranannnine SATI Tmama Tmana imama madacl aiea—37097 Ak AuAAACACANA. . 1A E—-

X

Figure 26. Data Augmentation Colab



40

Tensorflow

TensorFlow is a dedicated numerical computation library specifically crafted for deep learn-
ing activities. It is widely favored among deep learning researchers and professionals in
various industries for creating and refining deep learning models and architectures. Addi-
tionally, TensorFlow is commonly used to deploy trained models to production servers and

integrate them into software products. (Bisong 2019.)
Keras

Keras is an advanced Python library designed for deep learning and simplifying the building
and training of neural networks. It is compatible with TensorFlow, Theano, and CNTK and
offers a sequential and functional API for creating models. Keras abstracts away the com-
plexities of these underlying frameworks, allowing developers to focus on the key concepts

of deep learning. (Manaswi 2018.)

6.4 From a Picture to Word Validation

The process begins with a photo of the game board, where the square with the largest area
representing the game board is identified using traditional computer vision techniques.
Once the board's edges are detected, the perspective is reversed to eliminate the original
photo's perspective, leaving it as if taken perpendicular to the board. Subsequently, the
focus shifts to the game board area where players' tiles are located. This area is a square

composed of 225 squares (15x15).

From the image of the game area, a strategy is chosen to crop the game area, obtaining
225 smaller images corresponding to each square. Once these images of each square are

separated, a CNN is employed to recognize each letter of the game.

A dataset was created to achieve this, with images of each tile containing the game's letters.
Using data augmentation techniques, numerous images of each letter are generated by
altering parameters such as orientation, brightness, and contrast. This dataset is utilized to
train the CNN. In this case, a simple vanilla CNN is employed to reduce resources and time
during the prediction stage. Once the neural network is trained, the obtained model is used
in the application to predict which letter appears in each image. Figure 27 illustrates this

complex process in detail.
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Figure 27. Game Process Diagram

6.5 Obtaining the Cropped Game Area

More deeply, the process involves computer vision techniques to obtain the cropped game
area, specifically through the OpenCV library. Here is a step-by-step breakdown of the pro-

cedure:

o First, an image is captured.

e Secondly, a pre-processing step is performed to facilitate the identification of con-
tours.

e Thirdly, all contours are detected.

o Next, the largest contour is selected, assuming it must be the game board.

¢ In the last stage, the perspective is removed using the previously gathered infor-
mation and the inner game area is extracted using a simple crop since the game

board dimensions are well-known.

The application continuously captures images from the device camera and resizes them for
further processing. Each image undergoes a series of pre-processing steps: converting to
grayscale, applying a light blur, and using the Canny edge detection method. These steps
simplify the subsequent operations, reduce noise, and highlight important edges

repectively.
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A threshold is performed to enhance the accuracy of contour identification. Dilation and
erosion operations are applied to refine the edges and address potential noise. These

operations improve the quality of edge detection, although they are not strictly necessary.

The program then identifies and saves all contours in the image using an OpenCV function
called “findContours”. The largest contour is filtered and identified as the game board from
the obtained contours. Additional checks, such as area filtering, ensure the contour

represents a rectangle.

Once the largest rectangular contour is identified, a perspective transformation is applied
using the corner points of this contour. To improve the accuracy of the cropped game area,
20 pixels are removed from each side to avoid artifacts. Figure 28 shows the previous

process applied for creating a document scanner.
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Figure 28. Document Scanner using OpenCV (Murtaza's Workshop 2020)

6.6 From Cropped Word Tile to Recognized Word

The workflow of the application is as follows: After obtaining the image of the board without
perspective and cropping each word tile, the model provided by an Al is used to predict
which letters the player has incorporated into the new move. The board is converted into a
15x15 matrix, where each tile corresponds to a position. Subsequently, this matrix is used
to obtain the new words formed in that turn, and they are validated in the Spanish language
dictionary, adding the corresponding points if the word is valid or returning to the previous

state otherwise.
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6.6.1 About the employed Al

As previously mentioned, Al is a broad field that encompasses various subsets. One is ML,
a computational process that uses previously labeled input data to derive rules and produce
a result for which it has not been specifically programmed. Within ML, we find DL, and the
main difference between this subset and ML is that while the former requires the dataset's
features to be specified in advance and understandable by humans, DL algorithms can
autonomously extract these features during training. In this way, DL can extract not only the
relationship between variables but also the knowledge that gives meaning to this relation-
ship. This is achieved using neural networks with multiple layers, whose neurons adapt

during the training process to solve a specific problem.

For these reasons, a DL algorithm, specifically a CNN, has been chosen due to its good

metrics when working with raw images. The main steps to obtain a working model were:

e First, to obtain a representative dataset.
¢ Next, to train a custom CNN.

¢ And finally, to obtain the metrics and test the model.
6.6.2 Obtaining a Representative Dataset

The best way to obtain a representative dataset is to get samples as close as possible to
what the CNN will encounter once in production; it is for this purpose that using an incom-
plete version of the application in which only the CV step is performed a great number of

different game scenarios without perspective were gathered, Figure 29 is one example.
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The game scenarios were also taken in different physical locations and at times of the day
to avoid overfitting the Al in a certain place and losing the ability to generalize, provoking
that the game could only be played during a certain time and in a certain area. Also, to
obtain as many samples as possible, it was decided that from each location it will be taken

a picture of

e aturn of a regular playthrough with ten random words placed
e aturn where all word tiles were placed in random spots without respecting the rules

e aturn where all word tiles were used but following the rules.

After that, all the game pictures were split into word tiles by cropping based on the well-
known game area dimensions, causing a total of 225 unclassified word tile samples to be
generated for each game picture. Since five different locations were used, 3375 word tiles
were obtained. Then, those pictures needed to be classified by a tedious and manual pro-
cess of organizing them into different folders according to their labels; Figure 30 shows the

organized ‘A’ label folder.
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Figure 30. Intelect Deluxe Dataset

However, 3375 pictures are not enough to obtain good metrics since there are 26 different
labels, meaning there are only about 130 images per class; therefore, data augmentation

was performed to increase it to a more reasonable number.

The data augmentation operations consisted of random rotations, zooms, brightness
changes, and contrast changes; the idea behind this was to use only operations that could

appear in real life instead of, for example, others like a chromatic aberration. Using this
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technique, the dataset was severely increased to 5000 unique pictures per class, making

the final dataset consist of 130000 images.

Once the dataset was generated, a series of pre-processing operations were applied to the
pictures to optimize the future neural network performance since the Al model must be able

to run on low-end devices, such as smartphones. The chosen operations were:

e resizing to 32x32
e merging three channels into one, converting the image to a grayscale

e normalization

These operations were chosen because they do not harm the neural network performances;
specifically, by grayscaling the images, the CNN can process them more efficiently while
reducing computational complexity. There is less information to consider since the color is
irrelevant for this classification task. Moreover, resizing the images to 32x32 reduces
memory requirements and ensures a standard input for the neural network. Additionally,
normalization ensures pixel values are within a standardized range, typically between 0 and
1, making it easier for the neural network to learn patterns. It can be seen in Figure 31 as a

sample with pre-processing.

Ik .

Maximum pixel value: 0.874509871006012
Minimum pixel value: 0.13725490868091583 1
Image size (height, width): 32, 32

Number of channels: 1

o

20

25

Figure 31. Sample 'i' pre-processed

6.6.3 Training of custom CNN

The dataset is divided into three segments to develop the ML model: training, validation,
and testing. The training data trains the model on identifying patterns, the validation data
helps adjust hyperparameters and avoid overfitting, and the test data assesses the model's

effectiveness on new examples.
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At this point, the model of the neural network must be created. A trial and error process was
undertaken to determine the final architecture of the neural network; it involved experiment-
ing with different configurations of layers, neurons, activation functions, and other parame-
ters. The objective was to find the architecture that best suited the specific task while re-

quiring minimum computational power.

During this process, various architectures and hyperparameters were tested. Each time, the
performances were evaluated using validation and test data. This iterative process was
repeated until acceptable metrics were reached. Figure 32 shows the final neural network

architecture.

Model: "sequential"

Layer (type) Output Shape Param #
conv2d_2 (Conv2D) (None, 30, 30, 29) 290
max_pooling2d_2 (MaxPoolin (None, 30, 30, 29) 0

g2D)

conv2d_3 (Conv2D) (None, 28, 28, 64) 16768
max_pooling2d_3 (MaxPoolin (None, 28, 28, 64) 0

g2D)

flatten_1 (Flatten) (None, 50176) 0
dense_1 (Dense) (None, 128) 6422656
dense_2 (Dense) (None, 33) 4257

Total params: 6443971 (24.58 MB)
Trainable params: 6443971 (24.58 MB)
Non-trainable params: 0 (0.00 Byte)

Figure 32. Final neural network structure

As can be seen, this neural network is structured to analyze images. It starts by breaking
the images into smaller parts and identifying patterns like edges or textures through convo-
lutional layers. Then, pooling layers reduce the data size while retaining important details.
The flattened layer organizes the extracted features into a single list. Dense layers interpret
these features, learning complex patterns in a hidden layer with 128 neurons and predicting
the probability of each class in the dataset through a final layer with neurons equal to the
number of classes. This network essentially takes images, analyses them for features, in-

terprets these features, and predicts what is in the image based on what it has learned.
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6.6.4 Final Metrics

After countless trials, the previously seen neural network structure combined with the high-

Figure 33 shows the results,

quality dataset obtained a model with the desired metrics;

reaching almost 100% accuracy in training and validation. The validation split has had out-

standing metrics since the beginning due to a lack of data-augmented images; these pic-

causing the training split to be more challenging.
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Regarding the last split, the so-called test, the generated model achieved a perfect score
mainly because there was a negligible number of word tiles to predict, and these were not
data-augmented; the neural network did not have any problem whatsoever. The confusion
matrix (Figure 33) is an excellent way to prove it, as explained in the proper theoretical

section of this work.

The model is now ready to be deployed, but before that, it must be further evaluated to
ensure everything is working as expected (Figure 34); it is for this purpose that a random
word tile is selected and predicted, the model returns a list of decimal numbers, each posi-
tion of this list represents a class, while the number is how confident it is that the given word
tile is from a given label, in this case, the model is shown an “h” word tile, and the position
in the list with the maximum confidence is also the “h” position; therefore the prediction was
correct. Also, note that it takes about 20ms to make a single prediction, which is more than

acceptable enough to be used on a mobile device as intended.
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Figure 34. Testing CNN with a random word tile

6.7 Final Product

After obtaining the Al model, it was saved as a .onnx file. The application's frontend was
developed using the Unity3D engine due to its robust capabilities in creating experiences
across multiple platforms. The deliberate choice of the .onnx file format allowed for seam-
less integration of the Al model, as it offers interoperability across different deep learning
frameworks. Unity3D ensures good performance when using on-device hardware. Addition-
ally, it was selected because an official implementation of OpenCV exists, making it possible
to port the entire workflow into the local device. Combining these technologies resulted in a
final product (Figure 35) that delivers a compelling and interactive experience, bridging the
gap between cutting-edge Al capabilities and user-friendly interface design without needing

to be connected to the internet.
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Figure 35 illustrates the main menu, serving as the gateway for users to select an Intelect
game board. This selection process is pivotal as it determines the dimensions required for
accurate cropping and loading of the appropriate model. Due to the diverse array of Intelect
board variations encompassing dimensions, typography of word tiles, and texture, the Al
model must undergo retraining with datasets extracted from each unique board variant. In
this practical case, it was done with two sets, the so-called deluxe version and the original
Intelect from the 70s.

The middle screenshot provides a glimpse into the primary user interface, offering a range
of functionalities beyond board selection. Among these, users can initiate the capture of the
game area, a crucial step depicted in the subsequent image. This process allows the Al to
capture the game environment precisely, enabling efficient analysis and gameplay assis-
tance. Thus, through these visual representations, users gain insight into the intricate work-
ings of the Intelect system and its adaptive capabilities.

Figure 36 shows how the recognition of a word is performed; the user must wait only a few
seconds for the previously explained process to take place in the background, after which
a pop-up will show the recognized words; when the user confirms that it was correctly rec-
ognized, then the scores are updated.
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6.8 Future Directions

Al is ever-evolving, presenting new opportunities to enrich educational experiences, partic-
ularly in traditional board games. Integrating Al into these games has demonstrated sub-
stantial potential to make learning more interactive, personalized, and effective. Several
groundbreaking Al advancements and technologies could further revolutionize educational
board games, transforming them into highly engaging, multifaceted learning tools.

Advanced Natural Language Processing (NLP)

NLP technologies have made significant strides, enabling machines to understand and gen-
erate human language meaningfully and contextually relevantly. By incorporating advanced
NLP into educational board games, it's possible to create dynamic interaction models where
the game recognizes the words players create and understands their semantic context. For
instance, an NLP-enhanced version of Intelect could offer in-game challenges or puzzles
based on synonyms, antonyms, or word associations, encouraging players to think critically
about language use.

Furthermore, NLP can facilitate real-time language translation features, allowing players
from different linguistic backgrounds to engage with the game in their native languages.
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This opens a global marketplace for educational board games, making them accessible and

educational for a wider audience.
Augmented Reality (AR) Integration

Augmented reality (AR) stands at the forefront of creating immersive educational experi-
ences. By overlaying digital information onto the physical world, AR can transform a stand-
ard game of Intelect into a rich, interactive learning environment. Imagine pointing a
smartphone or tablet at the game board and seeing 3D animations that illustrate the mean-
ing of words or historical facts about certain terms. Such an application can enhance the
visual appeal of learning and accommodate various learning styles, including visual, audi-

tory, and kinesthetic learners.

Additionally, AR could introduce scenario-based learning within the game. Players might be
tasked with building vocabulary lists to solve challenges or narratives unfolding in the AR
layer, such as repairing a spaceship or solving a mystery. This makes learning fun and

contextualizes vocabulary building within practical and imaginative scenarios.
Al-Driven Personalization

The future of educational board games lies in personalization. Al algorithms can analyze a
player's performance over time, identifying strengths and weaknesses in their vocabulary
or strategic thinking skills. The game could then adapt its difficulty level, provide customized
word challenges, or offer tailored educational content that addresses the player's unique

learning needs.

Personalization extends beyond adaptive difficulty levels. It could also mean curating game
content to align with individual interests or current learning topics. For example, if a player
is particularly interested in science, the game could prioritize scientific terms, or if they're

studying a specific historical period in school, the game could introduce relevant vocabulary.
Collaborative Al for Team-Based Learning

Al could also facilitate collaborative learning experiences within educational board games.
Through the development of intelligent Al opponents or teammates, players can engage in
cooperative gameplay, working together to achieve educational goals. These Al characters
could pose challenges, offer hints, or simulate real-world interactions, providing a safe and

controlled environment for developing teamwork and communication skills.

Moreover, integrating online multiplayer capabilities with Al moderation could allow players
from around the globe to connect, compete, and learn together. This enhances the game's

educational value and fosters a sense of community and cultural exchange among players.
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7 Summary and Conclusions

The intersection of Al and education has significantly improved how students learn and
educators teach. From automating administrative tasks to creating personalized tutoring
experiences, Al applications are increasingly important in defining the future landscape of
education. Therefore, if this technology is applied to classic educational board games, they

will be relevant once more.

As digital advancements threaten the relevance of classic board games in the digital age,
this work aims to explore how Al can strategically complement traditional games rather than
replace them. The focus is on creating a synergy between the strengths of traditional game-
play and the benefits offered by Al and mobile technology. A practical case study was pre-
sented using the example of "Intelect," an educational board game focused on vocabulary
and mental agility improvement, particularly in Spanish language learning. Integrating Al
involves developing a mobile application that utilizes Al capabilities to recognize words
formed by players on the physical game board, validate them against a Spanish language
dictionary, automate scoring, and track game progress. The process encompasses com-
puter vision techniques, dataset creation, training a custom convolutional neural network

(CNN), and integrating the Al model into a mobile app using the Unity3D engine.

Integrating Al with traditional educational board games offers a promising avenue for en-
riching learning experiences in the digital age. By strategically merging Al technologies with
traditional gameplay, it is possible to preserve the essence of time-honored educational
tools while leveraging Al's transformative potential. The practical case study demonstrated
the feasibility and effectiveness of integrating Al into the Intelect board game, showcasing
functionalities such as word recognition, dictionary validation, scoring automation, and
game progress tracking. The successful development and deployment of the Al-driven mo-
bile application highlight the potential of Al to enhance traditional board games without re-
quiring constant internet connectivity. This work underscores the importance of embracing
technological advancements to evolve educational paradigms and ensure their continued

relevance in an increasingly digitalized world.
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