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Chapter 1 - Facilitating Students' Understanding of Sustainable
Development through Game Based Learning: A Systematic
Literature Review

Novita Resti "=/, Widi Purwianingsih "=/, Kusnadi Kusnadi

Chapter Highlights

» Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs.

» Sustainable development should be introduced to young people as early as possible so
that they have the knowledge and skills related to sustainable development to ensure
that the environment and social well-being are sustainable for both current and future
generations.

» Currently, there is a growing body of research on the use of game-based learning in
teaching sustainable development. This article presents a literature review on the use of
game based learning in facilitating students' understanding of sustainable development.

» In this study we systematically reviewed 20 scopus-indexed empirical research
articles on game-based learning published from 2019 to 2023.

» The results of the review show that game based learning is feasible to be used in
learning sustainable development because it can create active and interactive learning,
able to demonstrate and teach sustainability issues, improve concept understanding in
students, foster students' empathy towards society and the environment, increase
students' motivation and interest in learning and positively affect their environmental

awareness.



http://www.istes.org/
https://www.istes.org/

Studies on Social and Education Sciences 2024

Introduction

The United Nations (UN) established the Sustainable Development Goals (SDGs) as a set of
objectives to help all member states attain sustainable development. On September 25, 2015,
in New York, the United States, the UN General Assembly adopted the Sustainable
Development Goals (SDGs), which had been adopted by 190 nations. This global
development agenda is valid from 2015 to 2030. According to Chen & Ho (2022),
Development that satisfies current demands without jeopardizing the capacity of future
generations to satisfy their own needs is known as sustainable development. This definition is
the most cited in the world and also adopted by governments. The SDGs have 17 contents
that cover the 3 elements of society, economy, and environment and emphasise coordination
and progression among the three and avoid advancing one to the detriment of the other.
According to Veronica & Calvano (2020), sustainability is a way of life that enables
individuals to think and strive toward a better society for ourselves and others, both here on
Earth and in the future, rather than merely a new subject to be taught in schools.

Sustainable development should be introduced to future generations as early as possible.
According to Crohn & Birnbaum (2010), this is because fostering a harmonious relationship
with nature needs to be done in the early developmental phase of children to ensure a longer
lasting impact. In addition, the current generation is the generation that will face the
environmental crisis (Lubchenco, 1998) so teaching sustainable development to them is an
urgency. According to Tsai et al. (2021), the main purpose of teaching sustainable
development is to provide students with knowledge and skills related to sustainable
development to ensure that the environment and social welfare last for both current and future
generations. In recent years, researchers have recognised the challenge of transforming
traditional education models into forms that are more developmentally appropriate for

adolescents and young people.

Boncu et al. (2022) state that the reception of information by the younger generation will be
optimal when it matches their interests and information processing styles. Considering that
the current generation is a generation that grew up with technology, there is a need for a
method that can integrate technology in the learning process related to sustainable
development so that it can attract students' interest. Although not all contexts are suitable for

game design, formal and informal education environments are certainly susceptible to the use
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of games in the process.

Nowadays, many educators are using game-based learning in learning. Game-based learning
is a teaching strategy that combines multiple scientific subjects into a single lesson, makes
learning easier by connecting new material to prior knowledge and life experiences, and
promotes responsibility and active engagement. (Cordova & Lepper, 1996; Foster in
Koenigstein, et al., 2020). According to Tan & Asna (2023), games today are not only used
for entertainment but have been applied to non-entertainment functions such as in education
and work. In practice, game-based learning not only pursues educational goals, such as
improving health and physical well-being, but can also be used to promote sustainability and
encourage pro-environmental behaviour (Stanitsas et al., 2019). Veronica & Calvano (2020)
explain that games have been used to change behaviours and attitudes, improve learning
outcomes and motivation in the fields of health, public policy, education, training,
environmental behaviour and ocean literacy. Games have been used to link the scientific and
social aspects of environmental problems (Bazan, 1976; Swinerton, 1972) and are a
promising tool for teaching complex system interactions, to address modern global
sustainability challenges (Uribe & Cobos, 2014). Given their favorable prospects for
application in both formal and informal education environments, as well as their playfulness
in appealing to today's kids, games and apps have a better potential to provide more
immersive and enduring experiences than previous environmental education methods
(Leeming et al., 2010).

Game-based learning utilises motivational effects that can capture students' attention.
Integrating games into the classroom learning process is challenging as the game design and
content must fit the curriculum, both in terms of relevance and efficiency. In addition, the
games must also be in line with teachers and students’ understanding of games as an activity
in learning. Several studies have proven that the application of games in teaching can
effectively increase children's learning motivation, thereby achieving teaching objectives and
triggering a higher level of understanding of learning content. In addition, play can increase
freedom, behavioural flexibility, and teach students the skills needed to live their lives. Play
is fantastical and challenging, increasing curiosity and boosting motivation to participate.
Sharp (in Parrondo et al., 2021) stated that knowledge gained from play is considered more

effective because it is gained through practical learning.
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Game-based learning according to Arboleya-Garcia & Miralles (2022) allows students to be
active participants, not passive observers, as they learn through participating in game
activities i.e. problem solving, decision making, and reacting to the results of these activities.
Games can activate the brain's reward system, stimulate retention and engage players towards
cognition more effectively than traditional educational methods. Based on the above
background, the researcher examined the potential of game-based learning in facilitating
students' understanding of sustainable development.

The purpose of this study is to provide an overview of the various uses of game-based
learning in sustainable development learning and explore their potential as an educational
tool. In addition to examining research gaps that should be filled in future studies, this article
aims to offer useful information about the intended results, effectiveness, and limitations of

current methodologies.

Method

We searched the Scopus database for the search terms ‘game based learning’ and ‘sustainable
development’. The search was conducted based on article abstracts, titles, and keywords. We
used the following criteria: (a) articles discussing game-based learning for sustainable
development; (b) research on all levels of education (elementary, middle, high school,
university); (c) published in English (d) articles published between 2019-2023. For irrelevant
studies such as games that are not related to sustainable development, are not intended for
students and publications at congresses, seminars, conferences, degree projects, or doctoral

theses are not used.

Results

Analysis of Scientific Production

We have observed 20 studies that fit the predefined criteria. Table 1 provides information on
the geographical distribution of the sample. The studies were conducted in 23 countries
spread across Europe, Asia, America and Australia. Most of the studies were from the
European continent (N=16) with Spain (N=4) and Taiwan (N=4) as the countries with the

most research on this topic, followed by Germany (N=3).
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Table 1. Geographical Distribution of the Study Sample

Country Number

Germany

Sweden
Poland

Italy

Taiwan

Spain

Portugal

England

Norway
USA
Thailand

Austria

N =Y = IS BN I R IS I N N O S

Australia
Total

N
w

In the educational context in which this research was developed, three categories were
presented (primary school, secondary school and university). Of the 20 selected articles, 21%
of the research was conducted in primary schools, 54% in secondary schools and 25% in
universities. In Table 2 there is an explanation of the name of the game that has been
developed by the researchers, the type of game, the year of publication of the article, the topic

of sustainable development discussed in the game, the target and the results obtained.

Table 2. Application of Game-Based Learning in Sustainable Development Learning

Name of )
Types of Game Year Topic Target Result
Game

A total of 21 The orientation of

students, 9 of  participants' strategies
Water

whom were gradually changed
Water Ark  Board game 2019 Resource

_ male, were from personal interests
Adaptation _
included (18 to and benefits to

20 years old)  altruistic strategies
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based on community
social benefits. After
playing Water Ark,
participants of COSK,
RWRE, VPB, and
EaNT were found to
have significantly

improved.

M.O.S.
(Marine, Board game

2019 Ocean

The board game
teaching method has
better results than the
traditional expository
Senior high teaching method in

school student terms of learning

Ocean, Sea) o )
motivation, learning
interest, and marine
science learning
achievement.

Two Norwegian
high schools
and three
Norwegian
University Eco is a viable tool to
) ] classes as well promote several
Eco Simulation 2019 Ecosystem as four aspects of ecosystem-
Jame Facebook Group related environmental
classes affiliated awareness.
with
environmental
and gaming
subjects
Green Recycling 19 UK graduate Green Machine is an
Machine Card game ? plant students and 29 innovative resource

~
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US second-year that is fun to play with

undergraduate and engages students in

students learning the recycling
process through
systems thinking.

- Web based

Energy

conservation

Students in This game resulted in
primary schools the highest

of Bangkok environmental
Metropolitan ~ awareness among
Administration primary school

from 50 districts students.

First year of Climate literacy can be

) . Climate secondary improved in this age
COgperation Digital games o
change school (12-13  group through digital
years) games.
Real-world ocean
sustainability
challenges can be
illustrated and taught
_ o through the game,
Ocean Role-playing Senior high _
o 2020 Ocean which can also help
Limited game school student
groups learn how to
solve problems
involving socio-
ecological conflicts and
trade-offs in ocean use.
Players can reflect on
_ the difficulties in
) Students in _ o
Climate ) S making decisions about
) Climate Swedish high _ _
Adaptation Web-based climate adaptation
change school (15 and
Game through games, but
19 years old) o
they can also highlight
difficulties in making
( )
( J
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decisions about climate
adaptation, such as the
complexity of
individual
measurements and their
inability to be linked to
the inherent variability
of extreme climate

events.

46 pupils of two
classes of the

Assessments of
learning efficacy verify
that children can, in

4th grade of the )
] fact, learn the material
SeAdventure Serious game 2020 Ocean 14
o through the use of
Didactic Circle o
modern technologies in
““‘Re David™’ )
_ general and serious
Primary School _ ]
games in particular.
Increase student
interaction and
Chemical motivation. In addition,
Biofuels and Biofuels and Engineering the game dynamics
Bioenergy Board Game 2020 alternative student at the  improved student

Game energies University of  learning, which was
Granada evaluated through
student scores on the
final exam.
The economic, o
_ Universities should
environmental
) o promote these types of
) ) (climate, soil) First-year group
Simulation ] workshops and SGs as
The Island 2020 and social of the natural _
game _ they can contribute to
(energy sciences class _
_ the achievement of the
infrastructure,
_ SDGs.
housing,

| S
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transport,

jobs, etc.)

Android-based

mobile devices

The students of
Environmental two Polish

An effective way to
integrate sustainable
development concepts

E Eco JSity 021 _ into the instruction of
and as a web literacy educational _
o unrelated technical
app institutions _
skills was through
game-based learning.
Sustainable Students' test scores
development f improved significantly
four aspects- after playing the game
social with a medium effect
development, - size; specifically, a
Be Blessed ] Senior high
) Board game 2021 economic large effect on the
Taiwan school student
growth, biodiversity concept
environmental dimension and a
protection, medium effect on the
and animal biological conservation
survival concept dimension.
The implementation of
PBL points, badges,
7th to 9th gradesand triads can enhance
(Portugal) and learning results,
Key stage three particularly in fostering
Ocean ) (KS3), i.e. the marine literacy among
) Mobile game 2021 Ocean _ _
Literacy first three years students who reside far

of secondary
school in the
UK

from coastlines, where
direct interaction with
the ocean is
uncommon. Ocean

Literacy has
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contributed to the
advancement of marine

literacy in both nations.

Web

application

ClassCraft

Sustainable

Mobility

Children aged
10-12 years old

Through the use of the
gamified ClassCraft
tool, which
incorporates organized
activities covering
various dimensions of
sustainable mobility,
students gained new
insights that
highlighted the social
and economic factors
involved, and they
started to cultivate an
awareness of how to
actively participate in

behavioral change.

SDGs Board
Board game
Game

12-60 years old

The SDGs Board
Game designed by this
research has an
inspiring effect on
learning the meaning
and goals of
sustainable

development.

The Game

Board game
of The Sea

2022 Ocean

A total of 222
players (111

children, aged

Players gained
extensive knowledge of

the marine

11-15 years, and environment.

111 adults, aged Knowledge of the

18-72 years)

marine environment

~

10
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increases in both
children and adults,
with a slightly higher

increase in children.

Players have fun while
learning about the
impact of food on the

Students aged )
) environment and the
Burger.i.doo Board game 2022 Food 14 to 18 years .
” game has a positive
0

influence on their
environmental

awareness.

High school Students can get to
) students in 12- know the SDGs in a
- Mobile game 2022 SDGs .
15 age group in purposeful and

Greece entertaining way.

There were reports of
increased efficient

water use and

2nd, 3rd, and
increased frequency of
_ 4th grades _ _ _
Sustainable discussions with
BLUTUBE Board game 2023 students from
water use _ parents about water
the primary -
use; these positive
schools

effects were still
evident after six

months.

Discussion

Sustainability Content on Game Based Learning

From all the articles analysed, there are various topics related to SDGs that are taught with
game-based learning, such as climate change, water resources, energy renewal, ocean, land

and food. Most of the games developed from the research focused on the ocean such as

11
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Ocean Limited, SeAdventure, The Game of The Sea, Ocean Literacy and M.O.S. (Marine,
Ocean, Sea). As noted by Koenigstein et al. (2020), the significance of this issue arises from
the growing threats to ocean goods and services due to human activities and climate change.
The general lack of concern regarding anthropogenic climate change can be attributed to
several factors, including those related to education. Education is vital for enhancing marine
literacy, fostering critical thinking, and promoting citizenship skills along with democratic
values (Mercer et al., 2017; Cotton & Winter, 2010). Hence, there is an immediate need to
equip a diverse range of individuals with technical, social, cognitive, scientific, and civic
abilities, strengthening the relationship between students and the ocean to combat the
phenomenon of ‘ocean blindness’ (UNESCO, 2017).

The second most developed topic in the game was around climate change, alternative energy
use and the 17 SDGs. According to Harker-Schuch & Watson (2019), the teaching of climate
change in public secondary schools is inadequate, this is because the material is often taught
separately, not integrated and not coordinated with other science topics, then the topic of
climate change according to Hess & Collins (2018) is not included in the curriculum and
there are many teachers who do not sufficiently understand the theoretical basis of climate
change material (Plutzer et al., 2016). Furthermore, the 17 SDGs are also widely integrated
into games because based on research it can increase students' awareness and understanding
of sustainable development issues and SDGs and encourage the adoption of sustainable
behaviour in the future. Finally, the discussion related to energy has also attracted many
researchers to be developed in the form of games that can attract students. According to
Phongthanachote et al. (2019) training in sustainable energy use and economical energy
utilisation should start early to build more durable patterns of responsible behaviour. Given
the importance of energy conservation, this energy-saving education needs to be provided at

every grade level.

The Influence of Game-Based Learning on Sustainability Development

In response to the increasing demand for environmental education and awareness, more and
more games are being created that contain environmental messages (Tragazikis & Meimaris,
2009). Some of the effects of implementing game based learning in sustainable development

learning are:

12

~
—



Facilitating Students' Understanding of Sustainable Development through Game
Based Learning: A Systematic Literature Review

Can create active and interactive learning

Interactive technology can educate and engage people, especially children. Virtual reality, for
example, can support effective learning, particularly for young students (Latif, 2007).
Physiological needs can be fulfilled through the acquisition of in-game resources, and games
can increase the frequency of interactions while enhancing the sense of belonging (Vella et
al., 2019).

Able to demonstrate and teach sustainability issues

Game based learning seen to be suitable for the teenage and young adult populations because
they foster learning via rules, goals, rewards, and the way they promote divergent thinking
(Morganti et al., 2017; Ro et al., 2017). They incorporate enjoyment, rivalry, and
involvement into the intended goals, which include educating people and modifying their
behavior to be more ecologically friendly (Tan & Asna, 2023).

Games also make it possible to generate a scenario where motivation, creativity, fun, interest,
well-being, autonomy, and competition are promoted (Deterding, 2019; Rivera & Garden,
2021). Game-based learning (GBL) can also encourage students to learn content while

playing and completing included games to promote learning (Campillo-Ferrer et al., 2020).

Improve concept understanding in students

By playing alongside or against one another, players can comprehend the demands and
viewpoints of various roles through the usage of role-playing within the game (Janakiraman
et al., 2021). Games and technology contribute to knowledge, participation, satisfaction, and
acceptance by teachers and students (Bedwell-Torres et al., 2012; Dahalan et al., 2023).
Knowledge exchange in informal environments, participation in social activities, and review
of knowledge gained when participants play games. As a result, teachers can see students'

progress and achievements instantly (Zhang & Yu, 2022).

Games allow players to develop empathy

Beyond simply spreading a pro-environment message, games and applications may be used

13
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for a wide range of objectives, including helping children develop empathy for the
environment and society. Games enable participants to cultivate empathy, assume various
roles and viewpoints, and envision themselves in the future, thereby anticipating the
outcomes of their decisions (Bachen et al, 2016). This aspect of video games is particularly
beneficial in the fields of sustainability and environmental protection (Boncu et al., 2022).

Increase students' motivation

When opposed to the traditional teaching method, games contain features that appeal to
people's basic motivators, which increases the urge to learn in both motivated and
unmotivated students (Juan & Chao, 2015; Madani et al., 2017). One's sense of
accomplishment in the game boosts their self-esteem when they complete a goal (Juan &
Chao, 2015). Ultimately, games fulfill the self-actualization motivator by requiring players to
use their creative thinking or problem-solving skills to achieve a goal (Madani et al., 2017).
Unquestionably, games use our innate desire to their advantage to draw players in and
occasionally encourage replays (Chappin et al., 2017). In this sense, incorporating enjoyable
activities, inspiring, significant, and unconventional settings can boost commitment, interest,

and engagement (Fonseca et al., 2023).

Games possess attributes that appeal to fundamental human motivators, inspiring driven
students to engage in learning more effectively than traditional teaching methods (Juan &
Chao, 2015; Madani et al., 2017). Furthermore, games necessitate the use of problem-solving
or creative thinking abilities to reach objectives, satisfying the self-actualization motivator
(Madani et al., 2017). Clearly, games leverage innate human motivations to entice individuals

to play and, in many cases, play again (Chappin et al., 2017).

Interest in learning and positively affect their environmental awareness

As such, games are particularly adept at creating an environment where children can learn
while having fun (Wang et al., 2019). Many environment-based games allow players to
experience first-hand the impact of human activities on nature, these games simulate how
environmental decisions such as waste management, deforestation, or infrastructure
development can affect ecosystems. Thus, players learn to see the consequences of their

actions on the balance of the ecosystem. Games often present environmental data and

14
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information indirectly through gameplay, which helps players understand environmental
issues such as climate change, deforestation and species extinction.

Conclusion

Considering these limitations, the use of game-based learning in sustainable development has
been very beneficial. A variety of outcomes have been targeted, and the intervention brought
some significant improvements, although most were short-term. Continued use of the
technology seems necessary to extend its benefits in the long term. Researchers should also
do the same by concentrating on developing a common methodology for developing,

implementing and assessing interventions.

Recommendations

This domain study is still relatively young, and its promising results are enough to encourage
further efforts to develop sustainable information, attitudes and behaviours through the use of

computer games and apps.
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Chapter 2 - Exploring the Landscape: A Systematic Review of the
Tamil Reading Development Framework

Naina Mohamed Mohamed Safeek "=', Kartheges Ponniah

Chapter Highlights

» Reading exerts a profound and lasting influence on children's lives, commencing in
early childhood and extending throughout their entire lifespan.

» While the science of reading has predominantly drawn upon research conducted in
English and other languages, the application of certain reading framework components
to Tamil language-based instruction poses challenges.

» Tamil possesses unique linguistic features that diverge from English and Western
languages. In response, this study aims to introduce a Smart Reading Module-based
(SRM) teaching intervention designed for Tamil children, whether they encounter
reading difficulties or not.

» To formulate this intervention, the researcher conducted an extensive systematic
review, encompassing 90 empirical studies conducted between 2016 and 2023, all
endorsing skill-based interventions targeting reading development.

» The findings robustly support the efficacy of the SRM-based teaching intervention
model in cultivating reading fluency among children, especially those grappling with
reading challenges.

» This comprehensive intervention encompasses critical elements, including phonological
awareness, word-sound mapping, syllabic and morphological comprehension, syntactic
understanding, semantic proficiency, and adeptness in reading comprehension.

» By accommodating the distinct linguistic characteristics of the Tamil language, this
SRM-based approach strives to empower Tamil children on their journey towards

becoming proficient and confident readers.
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Introduction

The Reading comprehension is the main goal, where the objective is to understand the
meaning that the written text is trying to convey. Consequently, the focus of reading
development should revolve around establishing a framework that enables children to
construct an understanding of printed material. The foundation of reading is knowledge
acquisition, cultural engagement, democratic participation, and career success (Castles et al.,

2018). Reading literacy assumes a pivotal role in people's daily routines (Britt et al., 2018).

Reading holds fundamental importance in our lives, as it is essential for survival, and any
hindrance in acquiring literacy skills can significantly impede individual, societal, and
national progress (Khateb & Bar-Kochva, 2018). Proficient readers possess the capacity to
extract meaning from text both accurately and efficiently, underscoring the value of reading
competence (Petscher et al., 2019). The problem of illiteracy or difficulties acquiring literacy
skills has become a critical concern in our society that is becoming more and more reliant on
technology (Joshi & McBride, 2019). Addressing these challenges in literacy acquisition is

paramount to ensuring individual and collective progress in the modern world.

Literature

Reading Development

Empirical research and reading science both explain the reading process. The children
approach the task of learning to read with significant inter-individual differences in
vocabulary, phonology, and orthographic skills, so understanding the learning-to-read process
is crucial before developing the interventions (Ziegler et al., 2020). Children's reading
abilities vary from person to person, just like their performance on other tasks. While
research can help educators better understand how children learn and how written language

functions, researchers cannot eliminate these differences between students (Treiman, 2018).

Phonology, morphology, syntax, semantics, and other language aspects are all involved in the
highly complex process of reading; mastery of these areas of language is correlated with early
development (Jasinska & Petitto, 2017). Beginning readers pick up on sound-symbol
correlations and learn how to sound out words by gathering the sounds of all the letters, going

from left to right, and combining them to form a word (Mather & Jaffe, 2021). In order to
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read words from memory, beginning readers combine their different identities—orthographic,
phonological, morphological, syntactic, and semantic identities—to create single lexical units
in memory (Ehri, 2020). In contrast, the Simple View of Reading (SVR) (Hoover & Gough,
1990) views reading as a simple process that results from linguistic comprehension and
decoding ability. This explanation made it easy to understand the reading process and
develop reading frameworks.

Children who struggle with reading acquisition should receive effective reading interventions
(Schmitterer & Brod, 2021). Teaching reading skills requires a complex mental process that
involves experiencing, predicting, verifying, and acknowledging information based on the
readers' prior knowledge, experience, and information (Paul & Christopher, 2017). An early
reading program specifically addresses the orthographic, morpho-semantic, syntactic, and
metalinguistic levels of the language within a language-focused framework for literacy
instruction (Mathur & Nag, 2019).

Studies on reading development underscore several key elements and skill-based intervention
models critical for achieving reading proficiency. The importance of phonemic awareness,
phonics, fluency, vocabulary, and comprehension as critical reading skills has been
highlighted by the National Reading Panel (NRP, 2000). Three elements of word knowledge
are proposed by the Supermodel of Literacy Development: meaning, spoken language sound

structure, and written language letters (Breadmore et al., 2019).

Furthermore, the International Dyslexia Association (IDA, 2019) has advocated for a
comprehensive approach to reading comprehension, encompassing various elements such as
phonological awareness, sound-symbol association, syllable instruction, morphological
awareness, syntactic awareness, and semantic awareness. According to Moats (2019),
structured literacy is very beneficial, especially for students who have very difficult time
learning to read and spell printed words. Structured literacy includes phonological awareness,
sound-symbol association, orthography/syllable instruction, morphology, syntax, and

semantics.

However, it's worth noting that the implications of these established frameworks may not

align perfectly with studies focused on the fluency development of Tamil-speaking children
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encountering reading difficulties. Tailoring reading interventions to the unique linguistic
characteristics of the Tamil language may require a nuanced approach.

Reading Frameworks and Tamil Language

Reading War focuses on reading development and aims to help kids who have reading
difficulties by suggesting reading frameworks and different skills or components of reading
development. All writing systems are essentially codes for spoken language, and children
must decipher the code specific to their language in order to learn to read. The code differs
from language to language (Castles et al., 2018).

The Tamil language has distinctive features that set it apart from English or other Western
languages. Reading and writing studies have historically concentrated on a small group of
European languages, especially English (Winskel, 2013). Tamil is one of the about 26
indigenous languages of the Indian subcontinent that make up the Dravidian language family,

which is divided into its southern branch (Bhuvaneshwari & Padakannaya, 2013).

Though the phrasal order in Tamil is flexible, the language is consistently verb-final, with the
verb appearing at the end of the clause and the typical word order of subject, object, and verb.
The learners encounter difficulties with the word arrangement, particularly with the non-
cognate group (Shakunthala, 2017). Tamil is a post-positional inflectional language with rich
morphology; it is an agglutinative language in which suffixes make up the majority of the

categories expressed (Rekha et al., 2012).

Some components of the reading frameworks do not comply with Tamil languages, and the
Tamil language-based reading development framework was not created to help Tamil
children who have reading difficulties. Traditional teaching strategies are used to develop
Tamil language proficiency; however, these strategies are not focused on the development of
children who have reading difficulties or reading-related difficulties. To identify the crucial
abilities for SRM-based teaching reading to Tamil children with reading difficulties, this
review is theoretically oriented with the SVR theory. Decoding and linguistic comprehension
from the SVR are used to report a framework for teaching reading that is based on SRM and

is meant for Tamil language reading development programs.
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SRM Conceptual Framework

This teaching intervention model, based on the Smart Reading Module (SRM), was designed
to enhance SVR-based decoding and linguistic comprehension. It also aimed to establish a
conceptual framework for module-based teaching interventions in the context of reading
development for Tamil children, whether they face reading difficulties or not. The SRM
approach focuses a lot of emphasis on the idea that reading development is a process of
gradually deriving meaning from text, which is accomplished by developing different
components in a methodical way. Within this framework, the researchers constructed a
comprehensive teaching model that harnesses linguistic abilities such as phonological
awareness, sound-symbol association, syllable identification, and morphology. These
elements were strategically employed to foster the development of decoding skills, while
simultaneously nurturing syntactic, semantic, and comprehension abilities to enhance
linguistic comprehension. It is noteworthy that the enhancement of one subcomponent can
positively influence the enhancement of another subcomponent either directly or indirectly,
indicating the interdependence of these aspects of reading development (Nation, 2019). The

conceptual model of the SRM is shown in Figure 1.
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Figure 1: The conceptual model for SRM.
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Aim of the study

This study aims to introduce a reading instruction framework grounded in the (SVR),
specifically designed for Tamil language reading programs. The framework utilizes SVR's
key components, focusing on decoding and linguistic comprehension.

Methodology

This study serves as a foundational exploration into the pedagogy of teaching reading to
Tamil children encountering reading challenges. The research adheres to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Page et al., 2021)
guidelines to structure this comprehensive review. The review's scope includes empirical
studies on reading development as well as studies that look at reading development
components entwined with the nuances of Tamil language within different English-language

reading frameworks.

However, it's important to clarify that this review does not encompass aspects of language
development such as print awareness and writing skills. The selection of empirical studies

within the review is confined to the timeframe spanning from 2016 to 2023.

This timeframe ensures that the research encompasses contemporary findings and insights
relevant to the teaching of reading to Tamil children, particularly those who encounter
challenges in this domain. Figure 2 displays the inclusion and exclusion criteria for the

review.

The researchers conducted an exhaustive search for scholarly materials encompassing full
articles and book chapters. This search was carried out across reputable platforms, including
Google Scholar, Research Gate, ScienceDirect, and Wiley's online library. To facilitate a
comprehensive exploration of the subject matter, a set of keywords was employed, including

"science of reading,” "reading development,” "reading frameworks,” "Simple View of
Reading,” "Tamil reading development,” and "Tamil language development.” In total, this

search yielded 136 empirical study articles within the field.

Following a meticulous screening process, specific criteria were applied to filter the results.
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Consequently, duplicate articles (n=6), conference proceedings (n=4), articles that did not
align with the study's objectives (n=12), outdated articles (n=14), articles lacking publication
year details (n=2), and articles not written in English (n=8) were excluded from
consideration. After rigorous evaluation, 90 articles were deemed suitable for inclusion in the
review based on their relevance and applicability to the research topic. These selected articles
were then obtained in their entirety, and their relevance to the study was further assessed by
examining their titles, abstracts, and findings.

Identification of studies via databases ]
= Records removed before
- , , N Screaning.
© Records identified from": Duplicate records removed (n
= Databases (n =136) =)
T Records marked as ineligible by
= automation tools (n=12)
Records screened Records excluded™
—
(n=118) (n=18)
g
IE i
g Reports excluded:
3 Proceeding (n=4),
N Out of date (n=14),
Reports assessed for eligibility Without yeai deta?ls n=2),
(n =118) ' Not in English (n=8)
=
- Studies included in review
= -
5 (n=290)
=
Vl—.l

Figure 2: Flow chart of the inclusion and exclusion criteria. Adapted from the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Page et al., 2021).

The selected articles underwent an additional quality assessment, ensuring they were well-
crafted, inclusive of proper citations, and indexed appropriately. Within this comprehensive
review, a primary emphasis was placed on empirical articles that substantiated skills-based

interventions and proposed essential skills about the science of reading.

Data extraction was meticulously conducted in adherence to the systematic review

methodology. This approach aimed to furnish a comprehensive overview of the empirical
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findings associated with skills-based interventions designed to enhance reading fluency.
Throughout this process, the researchers upheld a commitment to neutral reporting, diligently
avoiding any biased interpretations.

Findings

Phonological Awareness

Understanding the smallest, mostly meaningless units of sound in a language—that is,
knowing that words have syllables, rhymes, and phonemes is known as phonological
awareness, a metalinguistic skill connected to reading proficiency (Bishara, 2020). Tamil,
which has several spoken varieties, is the only language that has phonological awareness.
Since several early-acquired Tamil words end in closed syllables that can only be written
using a phonemic Akshara, the early introduction of the phonemic consonant is helpful to
initiate the reading of authentic texts. Tamil is a strongly diglossic language, and apparent
differences among scholars in their account of the phonology of the language are primarily
because of the form described (Nag & Narayanan, 2019). Tamil vowels are divided into two
categories: short (Kuril) and long (Netil). There are five short vowels and seven long vowels,
including two diphthongs. Three categories of consonants—hard, soft, and medium—have
six consonants each, for a total of 18 consonants. The combination of vowels and consonants
results in 216 compound characters, plus one additional special letter, aytham (-.). The

standard Tamil alphabet has 247 characters (Thangarajan et al., 2009).

Young readers' development depends on phonological awareness. This is because
phonological awareness enhances our understanding of how words in our language are
printed (Kanapathy, 2019). Combining different words, learning the allophonic rules, word
segmentation, the task of identifying words, and tracking the statistical distributions of

sounds and syllables help children develop phonological awareness (Lidz & Perkins, 2018).

Studies on this topic indicate that phonological awareness, which also predicts the
development of reading, has a significant impact on the early stages of reading development.
The phonological awareness and naming speed are significant and unique predictors (Tibi &
Kirby, 2018), later reading ability (Erskine et al., 2020), early reading at word level between
the ages of 4 and 6 (Cunningham et al., 2021), enhanced spelling and word decoding abilities

in first grade, and that this beneficial development extended to enhanced decoding abilities,
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which enhanced reading comprehension in subsequent grades (Kjeldsen et al., 2019), and that
when lesson plans provide ample opportunity for students to pair verbal labels with letter
forms, it is advantageous to teach letter sounds before letter names (Roberts et al., 2019).
Rapid naming was a significant predictor of automatic word recognition and comprehension,
whereas phonological awareness was a significant predictor of decoding. However, relying
too heavily on phonological awareness composites could mask task-specific issues that are
hurting a child's reading ability (Mundy & Hannant, 2020).

Training in phonological awareness is important for improving reading abilities. The impact
of the intervention on kids' letter knowledge and phonological awareness (Pfost et al., 2019),
the considerably moderate relationship in Spanish-speaking children's reading tasks and
phonological awareness (Villanueva-Villar et al., 2021), at the post-test on the overall
composites of phonological processing, the intervention group showed a higher use of
phonological awareness (Hodgins & Harrison, 2021), following the intervention, the children
in the experimental condition made significantly more progress than the control group in
terms of phonological awareness, alphabet knowledge, non-word reading, and spelling (Kelly
et al., 2019), children with higher levels of education typically experience phonemic
awareness development concurrent with syllabic awareness development (Carnio et al.,
2017), and the benefits of print knowledge and phonological awareness for the development

of reading comprehension and decoding skills (Layes et al., 2020).

Research on phonological awareness that encompassed additional abilities demonstrated a
noteworthy enhancement in the development of reading skills. Phonological awareness and
early reading skills are enhanced by early phonological instruction (Wolff & Gustafsson,
2022), acquiring a lexicon and orthography, as well as developing reading comprehension,
are all correlated with increasing phonological and morphological awareness (Bishara, 2020),
reading comprehension is enhanced by language intervention programs that incorporate
phonological, morphological, and semantic exercises (Lyster et al., 2021), and both synthetic
and analytic phonics are useful techniques for teaching beginning and struggling readers how
to read words (Henbest & Apel, 2017).

Sound-Symbol Association

The sound-symbol association called phoneme-grapheme mapping takes place next to
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phonology learning. Phonological development helps children to identify sounds and
associate them with letters and symbols. Learning letter-sound association, or letter
knowledge, in alphabetic scripts is an essential first step toward learning to read and a reliable
indicator of future reading abilities (Plewko et al., 2018). One of the most important aspects
of early literacy development is learning the correspondences between letters and sounds
(Sunde et al., 2019). Orthographic mapping is the process of associating pronunciations with
the written letters that correspond to those pronunciations in memory in order to store written
words for later instant recall (Miles & Ehri, 2019).

Labels are available for intra-symbol elements in Tamil, and the language has a rich
vocabulary for sets of symbols in orthography (Nag & Narayanan, 2019). The Tamil script is
an alpha-syllabary that is a part of the Brahmi script family (Joshi & McBride, 2019). The
complicated orthographic mapping with sounds in Tamil is essential, which may help in
paired association, backward recall, and word recognition, linking visual and sound elements,

word identification, and multi-syllable reading.

Training is most effective when Kids struggle with reading, according to empirical studies on
sound-symbol associations. The orthographic and sound mapping instructions are effective,
that help the children to efficient word reading. The group of letters to syllables increases
more as a result of phonemic awareness intervention than the group of letters to phonemes
(Vazeux et al., 2020), phonics teaching impacts positively word reading development (Flynn
et al., 2021), word spelling and word and pseudo-word reading efficiency (Van Rijthoven et
al., 2020), Chinese word reading was aided by paired associate learning (Liu et al., 2020),
poor spelling, letter-sound knowledge, phonological output, and poor reading accuracy for
regular words, non-words, and irregular words can all be effectively treated with phonics
training (McArthur et al., 2018), and the majority of kids in the experiment and control
groups were able to learn the new correspondences between letters and sounds in speech in

the allocated amount of time (Law et al., 2018).

Research on the relationship between sound and symbol results in the development of
decoding, which foreshadows the eventual development of reading. The sound-symbol
paradigm proved to be a significant predictor of subsequent reading success in a language
where spelling-to-sound relationships are statistically stable (Horbach et al., 2018), students'

reading progress is aided by remediation sessions that concentrate on written word
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identification (Gallet et al., 2020), when it came to word reading, spelling, decoding, and
grapheme-phoneme correspondences, the kids who got mixed instruction performed better
(Vadasy & Sanders, 2020), and grapheme-phoneme decoding training was far more
successful in helping novices read consonant-vowel syllables, multisyllabic words, and
pseudo words than both whole-syllable decoding and individual grapheme-phoneme
instruction (Sargiani et al., 2021).

Syllable Instruction

The process of developing reading skills includes instruction in spelling and orthography.
Spelling is significant because of its role in successful reading and writing, and orthographic
knowledge plays a significant part in both reading and spelling (International Literacy
Association, 2019). Knowledge of spelling and orthography serves as the fundamental basis
for the quick and effective encoding and decoding of words, giving people more time to
reflect and plan as they write and read (Templeton, 2020). Strong mental representations of
words—including their spellings, meanings, and pronunciations—are essential for efficient
word identification. Orthographic learning is the process through which individual word

spellings are learned (Ginestet et al., 2020).

The Tamil language has difficult characteristics like agglutination and morpho-phonology. In
Tamil, there is a special feature called a prosodic syllable (asai). The prosodic syllabic
representation in the Tamil language consists of the combinations of short vowels, long
vowels, and consonants. A syllable is a larger unit than a phone, so it addresses the severe
contextual variations between phones within it (Thangarajan et al., 2009). Since mastery of
the Tamil akshara system is required at multiple levels and learning the large number of
symbols in Tamil is expected to take some time, it is an especially interesting system for
studying spelling development (Nag & Narayanan, 2019). When a sequence of vocoids
follows an onset consonant, the consonant and the first vocoid are represented by a single
letter, and the second vocoid, as in words, is denoted by a separate letter in the Tamil spelling
system. In other words, the onset of syllables and the subsequent vowel are indicated by a

single letter, regardless of the length of the vowel (Srinivas & Ganesh Kumar, 2018).

Syllable teaching and the development of reading fluency were found to be closely related in

empirical studies based on literacy development. Phonological awareness and letter naming
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were important indicators of spelling knowledge (Paige et al., 2018), orthographic knowledge
is believed to support both literacy skills and to have a strong developmental correlation with
reading and spelling abilities (Gangl et al., 2018), spelling was more frequently and earlier
predicted by orthographic knowledge than by reading (Querido et al., 2021), previous reading
indicated the spelling that would follow (Georgiou et al., 2019), beyond tests of phonological
awareness, letter-sound knowledge, and other skills prior to Grade 1, post-kindergarten
spelling was typically a significant predictor of word reading ability in subsequent grades
(Treiman, et al., 2019), and the primary source of decoding's contribution to reading
comprehension is accurate word reading (Ho et al., 2017).

The orthographic and sound mapping intervention has a positive effect on how well children
read. Enhancing the word recognition abilities of struggling readers through syllable-based
reading intervention is a promising strategy (Mduller et al., 2020), the dyslexic children's
intervention resulted in a decrease in all error types (Van Rijthoven et al., 2021), reducing
moments of frustration and increasing the child's motivation to read as they get closer to
proficient reading in terms of reading performance metrics like speed and comprehension
(Lunte & Boll, 2020), orthographic learning predicted word reading directly (Mimeau et al.,
2018), orthographic similarity helped adults and kids read silent sentences without
preprocessing (Milledge et al., 2022), and the development of language reading was
contingent upon the attainment of a superior orthographic lexicon and print-to-sound
mapping (Siok & Tan, 2022). Additionally, Galuschka, et al.’s (2020) comprehensive review
and meta-analysis found that spelling performance was significantly impacted by treatment

approaches that included phonics, orthographic, and morphological instruction.

Morphological Awareness

The smallest units of meaning from which new words are formed in any given language are
called morphemes (Deacon et al., 2019). The basic building blocks that encode meaning are
morphemes, which are the smallest units of meaning in a language. Morphological skills
allow for the efficient use of morphemes in both oral and written language. Morphological
awareness affects the indirect pathways through which morphological analysis and decoding
occur during reading to support children's comprehension of what they read (Levesque et al.,
2020).
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Tamil morphology is quite different from English which includes several thousands of the
word stems. Tamil stands out due to its morphological richness, with its agglutinating nature
making it especially intriguing (Sarma, 2014). In Tamil, nouns and verbs exhibit simplicity or
complexity, varying according to their meanings. Adjectives and adverbs can be formed
through derivation, and the language features numerous instances of compounding (Nag &
Narayanan, 2019).

The word forms in Tamil are long and consist of two to as many eight or nine or more
(Sakkan, 2017). Tamil possesses a wealth of morphological intricacies and follows a
relatively flexible word order. It adopts an (Subject) Object-Verb (S-OV) structure with a
preference for left-branching constructions (Krishnamurthy & Sarveswaran, 2021). Tamil is
characterized by its morphological richness and utilizes an agglutinative grammar structure.
This involves the use of suffixes to indicate various grammatical features such as noun class,
number, case, and verb tense. The language exhibits flexibility in word order, though it
typically leans towards a subject—object—verb (SOV) arrangement (Winskel, 2020).

Children's language skills in this language are nurtured through the development of
morphological awareness, which plays a crucial role in predicting their proficiency in
reading, spelling, and reading comprehension. The longitudinal predictors of reading and
spelling abilities from preschool to the end of the first grade include both morphological and
phonological awareness skills (Diamanti et al., 2017), morphology plays distinctive roles in
shaping language and influencing literacy outcomes, exhibiting stronger connections to
specific aspects of literacy (Goodwin et al., 2020), the language skills acquired during
preschool not only have direct impacts but also exert long-range effects, both directly and
indirectly, on the development of reading comprehension (Lyster et al., 2020), in German,
spelling proficiency is a more accurate predictor than reading fluency (Gorgen et al., 2021),
additionally, it serves as a significant predictor for both reading and spelling, especially when

dealing with multisyllabic words (Enderby et al., 2021).

The development of morphology is greatly aided by the intervention focusing on sight words,
high-frequency words, and multi-syllabic words. Enhancing morphological awareness has
shown positive outcomes, including improved reading fluency and accuracy, and a notable
shift in reading level according to national norms (Vaknin-Nusbaum, 2021). This

improvement holds promise as an effective intervention method for children facing reading
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difficulties (Georgiou et al., 2020). Additionally, research indicates a correlation between
reading comprehension and derivational morphology, with the distributional aspect showing
the strongest correlation (Amirjalili & Jabbari, 2018). Furthermore, the teaching of
morphological skills has been proven to significantly enhance overall reading proficiency
(Rothou & Padeliadu, 2019).

Furthermore, it's important to have a strong sight vocabulary. Sight words. Being able to read
high-frequency words with automaticity provides a significant boost in early reading
(Anderson & Scanlon, 2020), the correlation between morphological fluency and
morphological awareness for pseudo-words was observed across all grades, showing a
connection with both reading and spelling skills (Haase & Steinbrink, 2022). Additionally,
there is an emphasis on promoting morphological awareness and prosodic fluency to
encourage more profound and meaningful interactions between students and texts (Bart-
Addison & Griffin, 2021).

Syntactic Development

Syntax refers to the set of principles governing the arrangement and role of words in a
sentence to convey meaning. Learning syntax facilitates the transformation of short,
disjointed sentences into longer, grammatically correct ones (Spear-Swerling, 2018). These
rules encompass the sequence and function of words, as well as the necessary punctuation for
comprehensible written language (Ray, 2020). As a component of grammar, syntax in Tamil
education should prioritize functional grammar over traditional structural mastery,
emphasizing meaning and usage rather than strict form. This approach can help mitigate
learning difficulties (Shakunthala, 2017). Understanding Tamil grammar involves knowledge
of verb forms, agreement inflection, argument structure (including case relations), and
associated auxiliary elements expressing tense, aspects, attitudes, reflexivity, voice, moods,

negations, embedding, etc. (Sarma, 2014).

Tamil-speaking children may exhibit a broader acceptance of various relational structures
that can be associated with a verb. However, their comprehension appears more explicit when
an argument is expressed, particularly with verbs accompanied by overtly expressed
arguments, unlike bare verbs. The learning task for Tamil-speaking children differs

fundamentally from that of English-speaking children due to the distinct linguistic contexts in
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which adults use verbs, potentially directing attention to different aspects of a scene
(Sethuraman et al., 2011).

Tamil verbs can serve as either major or auxiliary, existing in finite and non-finite forms
similar to English. Notably, Tamil finite verbs convey more grammatical information
compared to their English counterparts, marking features such as number, person, gender,
case, tense, mood, etc. (Thangarasu & Inbarani, 2016). The fundamental word order in Tamil
is Subject-Object-Verb (S-O-V), offering a pragmatically neutral interpretation. However,
due to the scrambling of phrases to the left and right of the verb, alternative surface orders
like Object-Subject-Verb (O-S-V), Subject-Verb-Object (S-V-O), and Object-Verb-Subject
(O-V-S) are also feasible (Lakshmanan, 2021).

The instruction of syntactic structures plays a crucial role in enhancing children's reading
comprehension. The impact of syntax on reading comprehension is particularly pronounced
when oral vocabulary levels are low (Rodriguez-Ortiz et al., 2021). Children possessing
adequate syntactic awareness demonstrate greater competence in elaborating written
narratives, showcasing proficiency in orthographic aspects and the development of textual
coherence (Soares et al.,, 2020). Syntactic knowledge contributes indirectly to reading
comprehension through activities such as inference making, comprehension monitoring, and
word reading (Zhao et al., 2021). In Grade 3, syntactic awareness serves as a predictor for
gains in reading comprehension between Grades 3 and 4 (Deacon & Kieffer, 2018).
Additionally, both syntactic awareness and morphological awareness are skills that show a

correlation with reading comprehension (Simpson et al., 2019).

Understanding syntax enhances reading and significantly affects reading comprehension. The
utilization of visual-syntactic text formatting, coupled with targeted guidance on aligning
such formatting with sentence structures, has been identified as an effective approach to
enhance reading comprehension (Gao et al., 2021). the capacity to chunk information shows
an increase in narrative parameters, and this tendency grows with age, indicating a gradual
improvement in the observed performance of narrative tasks (Venkatraman & Thiruvalluvan,
2021), syntactic awareness correlate with reading comprehension, and it was confirmed that
syntactic awareness affects reading comprehension (Cho & Kim, 2019), furthermore, it is
worth noting that syntactic awareness exhibited the most robust correlation with reading
comprehension (Shen & Park’s, 2018).
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Semantic Development

The term semantics denotes both a specific component of language and the linguistic
discipline that studies this component. Semantics also deals with questions such as the nature
of linguistic meaning, the semantic properties of linguistic units, and the types of relations
between those units. Semantics is conceptualized as a structured set of rules linking a
representation of meaning to a representation of the sentence, as per Mel'Cuk et al. (2020).
The exploration and elaboration of meanings for topical nouns or verbs can be achieved
through semantic feature mapping, with semantic features representing specific component
meanings associated with words (Haynes et al., 2019). The pre-existing semantic associations
occur in the brain during the learning reading process (Healey & Uitvlugt, 2019). The
distinction between good and poor comprehenders extends beyond differences in lexical
semantic knowledge to encompass variations in lexical-semantic processing (Bender de
Sousa et al., 2020). Word reading can be achieved through graphic-phonological processing
and lexico-semantic processing (Mathur et al., 2020).

Tamil classical literature is rich in figurative and literal meanings that convey moral,
philosophical, and ethical principles. Tamil verbs exhibit a predictable and unpredictable
expansion of their range of meanings or usage, as highlighted by Sankaravelayuthan (2021).
Notably, verbs are fewer in number than nouns in Tamil, yet they are more polysemous. The
meanings of verbs can vary depending on the types of noun arguments with which they co-
occur, while the meanings of nouns tend to be more stable across different verbs (Rajendran,
2006).

In Tamil, numerous nouns can be considered as the epicene form, devoid of gender markings,
of gender-marked nouns (Sankaralingam et al., 2017). The vocabulary of Tamil is initially
categorized into four domains: entities, which encompass referential meanings of concrete
concepts; events, primarily composed of verbs; abstracts, consisting predominantly of
adjectives and adverbs in addition to abstract nouns; and relations, comprising functional
words such as postpositions, connectives, and coordinators. Examining verbs in terms of
semantic relations can offer insights into understanding their syntactic behavior (Rajendran et
al., 2020).

The inclusion of semantically transparent radicals has been found to enhance children's
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orthographic recognition. The amalgamation of semantic information with phonological and
orthographic details contributes to an improved recognition of words. In tasks requiring
recognition, children tend to depend more on meaningful information rather than solely on
phonological cues (Li et al., 2019). Understanding both the meaning and phonological form
of words not only aids in the formation of orthographic representations but also enhances

children's overall reading performance (Alvarez-Cafizo et al., 2018).

The teaching intervention focused on word reading and learning complex abstracts to
increase reading fluency and develop semantic knowledge. The development of verb
vocabulary is influenced by both the syntactic and semantic properties of verbs, and this
influence shows variation based on age and language ability (Horvath et al., 2021).
Transparent semantic radicals have been observed to ease the process of orthographic and
vocabulary learning (Li et al., 2021). In interventions, improvements in children's word-
finding abilities were noted, with statistically significant changes occurring specifically
during treatment phases and not during baseline periods (Best et al., 2021). Furthermore, the
positive impact of semantic knowledge extends to working memory recognition performance
(Artuso et al., 2019).

The early comprehension, production, and learning of language are influenced by lexical—
semantic relations (Wojcik, 2017). The initial processing and learning of novel words are
distinctly shaped by orthographic, semantic, and contextual factors (Yi et al., 2022). Semantic
learning is a direct predictor of reading comprehension (Mimeau et al., 2018). For all
children, phonological awareness and semantic knowledge emerge as robust predictors of
reading development (Jasinska & Petitto, 2017). Additionally, word semantic knowledge has
a positive impact on content inference, receptive vocabulary, word recognition, and the
attainment of reading mastery goals (Dong et al., 2020).

Reading Comprehension

Reading comprehension is not only essential for understanding specific texts but also plays a
crucial role in broader learning and education (Oakhill et al., 2019). It encompasses the
transformation of written text into thoughts or meaning, constituting a simultaneous
extraction and construction of meaning through interaction with the text (Kong, 2019). A
complex process, reading comprehension involves a range of cognitive and linguistic skills

(Nation, 2019). It stems from the development of decoding and understanding the written
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form of a language, with the progress in reading development significantly influenced by the
typological and orthographical features of a language (Nesan et al., 2019). Understanding
written passages requires the development of language comprehension abilities, which are

particularly important in the written modality (Caplan et al., 2016).

The primary determinants of reading comprehension in children are background knowledge
and their decoding abilities. To enhance comprehension skills, it is essential to place early
and sustained emphasis on developing background knowledge, expanding vocabulary,
fostering inference abilities, and honing comprehension monitoring skills throughout the
developmental process (Elleman & Oslund, 2019), background knowledge impacts
differentially on stronger and weaker readers (Smith et al., 2021), the significance of
background knowledge, vocabulary, word reading, strategies, and inferencing on
comprehension is evident through both direct and indirect effects, maintaining significance
across various grade levels and treatment conditions (Ahmed et al., 2021).

Scientific research has identified numerous individual and combined instructional strategies
that contribute to the development of reading comprehension. Accurate reading of words is
emphasized because it forms a foundation for building an accurate understanding of the text
(Duke et al., 2021). Instructional practices that involve modeling, guided practice
opportunities, and corrective feedback have demonstrated significant impacts on improving
reading comprehension performance (Joseph et al., 2021). Reading fluency, reading
accuracy, and oral comprehension skills have a direct influence on reading comprehension
(Angelelli et al., 2021). Cognitive flexibility interventions that integrate graphophonological
and semantic aspects impact reading comprehension (Cartwright et al., 2020). Early
morphological and vocabulary knowledge directly predict reading comprehension in children
(Verhoeven et al., 2019). Additionally, word reading and receptive vocabulary stand out as
significant and unique predictors of English reading comprehension (Al Janaideh et al.,
2020).

Comprehension is also improved by teaching intervention through questioning, sequencing,
and drawing inferences. Inference-making becomes increasingly crucial as a child grows,
significantly impacting language and social development (Aishwarya & Deborah, 2020).
Metacognitive and inferential skills, particularly effective in fostering both improved

comprehension and meta-comprehension, play a vital role in cognitive development (Soto et
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al., 2019). Sequencing is identified as a pivotal skill for comprehending narrative texts
(Gouldthorp et al., 2017). Asking questions has been found to enhance critical thinking and
contribute to the growth of reading comprehension in elementary students (Hale & Kim,
2020).

Various strategies, including the use of graphic organizers, questioning, story mapping, peer-
assisted strategies, think aloud, discussing the text with students, and employing different
grouping methods, have been shown to improve reading comprehension (Almutairi, 2018).
Contextual Teaching and Learning have been associated with increased student motivation
and improved reading comprehension (Haerazi et al.,, 2019). Additionally, students
undergoing specific treatments maintained higher levels of reading comprehension (Wanzek
et al., 2019). Implementing evidence-based literacy instruction across various content areas
has proven to be an effective approach for improving reading comprehension (Gutierrez de
Blume et al., 2020). The interplay between language and knowledge can synergistically
impact linguistic comprehension, ultimately contributing to improved reading comprehension
(Cabell & Hwang, 2020). Furthermore, individuals struggling with comprehension can
successfully engage with challenging texts when accompanied by appropriate instructional

support (Lupo et al., 2019).

Conclusion and Limitations

In conclusion, the attainment of successful reading fluency is intricately tied to linguistic and
decoding abilities, with later reading fluency being shaped by the trajectory of these
foundational skills. Our findings highlight the pivotal role of phonological awareness
development, which enables children to discern various sound patterns, ultimately connecting
them to written symbols. Once this milestone is achieved, children embark on a journey of
word spelling proficiency. Additionally, the cultivation of word morphology understanding
equips them with the knowledge of word origins and formation. Furthermore, our research
underscores the importance of syntactic knowledge in constructing coherent sentences and
comprehending the grammatical nuances of language. This linguistic competence is further
complemented by semantic knowledge, which enables children to grasp the meanings of
words within the context of a sentence. Moreover, we emphasize the significance of
comprehension exercises and activities that leverage background knowledge to enhance

reading comprehension skills. These practices serve as valuable tools for improving overall
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reading proficiency.

Based on these findings, it is clear that a teaching intervention grounded in the SRM
framework holds promise for enhancing the reading fluency of Tamil children, irrespective of
whether they face initial reading difficulties. This framework provides a structured and
effective approach to nurturing the essential skills that underpin fluent reading, paving the

way for improved literacy outcomes.

Based on our extensive review, we recommend the adoption of a teaching intervention
grounded in the Smart Reading Module (SRM) for Tamil children facing reading challenges.
While our review predominantly revolves around SRM-based strategies, it's crucial to
underscore our primary focus on specific reading skills harmonized with the Tamil language.
Moreover, our analysis primarily focuses on skills development that aligns with the Simple
View of Reading (SVR) theory.

It's imperative to recognize that our review has deliberately focused on specific reading
components supported by empirical research within the context of Tamil reading
development, primarily emphasizing SVR-based decoding and linguistic growth. We strongly
encourage future investigations to encompass a broader spectrum of reading development
components, potentially offering invaluable support to Tamil children grappling with reading
difficulties. In essence, our recommendation centers on the implementation of SRM-based
teaching interventions thoughtfully tailored to meet the unique needs of Tamil children
experiencing reading challenges. We acknowledge the untapped potential of exploring a
wider array of reading development facets, which could significantly contribute to enhancing

the reading proficiency of these children in the future.

The insights derived from this scoping review carry profound significance, serving as an
invaluable resource for a diverse range of stakeholders. Educators, researchers, policymakers,
and all individuals deeply invested in elevating the reading competence of Tamil readers will
find this compilation of findings an indispensable guide and reference point.

Implications and Future Research

This study, offering a comprehensive review of Tamil reading development, illuminates both
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its present implications and future research avenues. This underscores the dynamic nature of
the field, emphasizing the need for continuous exploration and innovation to bolster Tamil
children's reading skills. The study delves into the challenges faced by Tamil-speaking
children and proposes a Smart Reading Module-based teaching intervention, enriching the
field of reading development for Tamil children with difficulties.

Educators, especially in Tamil-speaking regions, can extract valuable insights from this
research, emphasizing the importance of tailored instruction in Tamil. Integrating the SRM-
based model into their teaching practices can enhance reading fluency for struggling students.
Policymakers in Tamil-speaking areas can draw from this study to craft language-specific
reading policies and curriculum frameworks that align with Tamil's unique linguistic

characteristics.

Furthermore, this research underscores the significance of preserving and promoting the
Tamil language in education. By aligning reading frameworks with its distinctive features, it
contributes to safeguarding Tamil as a rich and distinct linguistic heritage. The proposed
Smart Reading Module-based teaching intervention model can be explored and implemented
in schools, particularly for children encountering reading challenges in Tamil. It offers a

practical, research-backed approach to tackle these issues effectively.

Future research should delve into comparative studies between Tamil and languages with
complex orthographic systems, revealing insights to shape effective interventions.
Multilingual regions like Tamil Nadu should be studied to understand how multilingualism
influences reading development, necessitating tailored interventions. Longitudinal studies can
trace the long-term impact of SRM interventions, from early childhood to adolescence,

enhancing comprehension and fluency.

The influence of cultural and socioeconomic factors on Tamil-speaking children's reading
proficiency requires investigation, enriching our understanding. Leveraging technology,
research can explore digital tools and resources that align with Tamil's unique characteristics,
improving reading development. Rigorous assessments via large-scale empirical studies are
needed to validate the Smart Reading Module-based teaching intervention's efficacy in

enhancing reading fluency and comprehension.
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Finally, research should explore the adaptability of this model to languages with similar
linguistic features, broadening its impact. This article lays the foundation for further research,
emphasizing the importance of language-specific approaches and fostering continued
innovation in supporting Tamil-speaking children's reading skills, particularly those facing
difficulties.
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Chapter 3 - The Use of the Android-Based Mydaly Application as
an Alternative Communication Tool to Improve the
Communication Skills of Students with Multiple Spastic
Disabilities, Grade IV in Special Schools
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Chapter Highlights

» This study focuses on the use of the Android-based Mydaly application as an
alternative communication tool to improve the communication skills of children with
multiple disabilities, especially the spastic type, in Special Schools (SLB). The
background of the study shows that communication is an important aspect in children's
social and emotional development. Children with developmental disorders, such as
Cerebral Palsy and hearing impairment, often experience difficulties in communicating,
which can hinder their social interaction and language development.

» The purpose of the study was to explore the effectiveness of the Mydaly application in
supporting the communication of children with special needs. Using a multidisciplinary
approach, this study suggests that adaptive technology can help overcome the motor
and sensory limitations faced by these children.

» Data shows that in Central Java, the prevalence of Cerebral Palsy and hearing
impairment is quite high among children in SLB, requiring innovative solutions to
support their learning.

» The results of the assessment of the communication skills of two students, KM and MS,
in three stages: Pre-cycle, Cycle I, and Cycle Il. In the Pre-cycle, both students obtained
a total score of 3 with a percentage of 33%. After the intervention, there was an
increase in Cycle I, with a total score of 6 and a percentage of 55%. In Cycle II,
communication skills increased further, reaching a total score of 8 with a percentage of
88%.
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The Use of the Android-Based Mydaly Application as an Alternative
Communication Tool to Improve the Communication Skills of Students with
Multiple Spastic Disabilities, Grade IV in Special Schools

Introduction

The word communication comes from communis which means to bring together or build
unity between two or more people (Fadnavis et al., 2020). According the most important
thing in communication is the exchange of information and the delivery of meaning from a
social system or organization (af Hallstrom & Bosch-Sijtsema, 2024). The function of
communication is not limited to delivering informat. For children, communication also builds
emotional and social intelligence and forms self-confidence (Lam & Cheung, 2024).
Through communication, children can express feelings of happiness, sadness, and anger so as
to establish relationships with the environment. Communicating with children can get to
know each other, exchange ideas, build trust, and understand. Children's communication
skills develop as they begin to learn language. Children need to process language symbols
into meaningful words, string words into sentences that contain messages, and understand the
language conveyed by the other person. According to Piaget and Vygotsky, children's
language development begins from the prelinguistic stage at the age of 0-1 years. After that,
children enter the linguistic stage at the age of 1-5 years (Lakusta et al., 2024; Hsiao et al.,
2024). At the age of 0-1 years, children's language development can be seen from their
ability to make sounds such as crying, laughing, and babbling with simple syllables (Li et al.,
2021). At the age of 1-5 years, children begin to say simple words to name objects, then
develop into two words, until they can form meaningful sentences with 3-5 words. The age of
1-5 years is an important moment for children’'s language development. Children begin to
collect a lot of vocabulary at the age of 1-3 years and at the age of 3 years children begin to
apply words to interact (Bddi et al., 2023). Children with language development disorders at
an early age will have difficulty communicating with people around them. Delays in language
and speech in children will affect 5% of preschool children and if left untreated will affect
school-age children (Bourgeois & Wendland, 2024).

Etymologically, the word communication comes from Latin, namely communicare which
means to participate or to inform (Yousaf Kazmi, 2022). Based on this statement, it can be
understood that communication is a process of conveying or notifying messages carried out
by two or more people using verbal and non-verbal symbols. In the process, communication

must run well so that the message conveyed by the communicator (message sender) can be
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understood by the communicant (message recipient) so that there is a common perception
(Spence et al., 2020). The main goal of the communicator is for the communicant to receive,
understand, welcome, use the message conveyed, and provide a response. Therefore, the
communication process can take place well if the communicant can correctly interpret the

message conveyed by the subject (Hastasari et al., 2022).

However, the reality in the field is that some individuals experience barriers in
communicating. For children who experience developmental disorders, most have difficulty
communicating with others. Children who have motor problems due to Cerebral Palsy and
brain injuries have difficulty producing words (Wotherspoon et al., 2024). Language
disorders were found in 69.77% of children. Cerebral Palsy is described as a group of
permanent disorders in the development of movement and body posture that causes activity
limitations, this condition occurs due to progressive disorders in the brain of a developing
baby or fetus (Wang et al., 2024). The position of the disorder that occurs in the brain and
the function of Cerebral Palsy movement is divided into: (1) spastic, with characteristics of
stiffness in some or all of the body's muscles, (2) Dyskenesia, with characteristics of athetosis
(uncontrolled movements), (3) rigid, with characteristics of stiffness in the whole body so
that it is difficult to bend, (4) tremor, continuous small vibrations in the eyes, hands or head,
(5) ataxia, there is a disturbance in balance, walking lingually, eye and hand coordination
does not function. (6) mixed type, characterized by having abnormalities in two or more of

the above types.

The ability to hear is a gift from God that allows someone to learn to speak, speak, and
communicate, as well as learn knowledge, life values, and socialize. However, not everyone
is born with the ability to hear (Connery & Weiner, 2021). Some experience hearing loss or
become deaf, which includes deafness and hard of hearing. Deafness suffered from birth or
that occurs during development will cause various problems that affect the entire life and
livelihood of the sufferer. Problems that will arise due to deafness include (1) in terms of
perceptual, (2) communication and language (3) cognitive and intellectual fields (4)
education (5) emotional fields (6) social fields (7) in terms of getting a job or vocation, (8)
problems for parents and society (Boothroyd, p. 5. 1982). The initial step in dealing with the
problem of deafness is to provide communication and language skills. According to Sumitro
(1984, p. 2), the main goal of teaching language to deaf children is to develop verbal or oral

communication skills. The goal is for deaf children to be "oral,” that is, able to express, ask
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questions, and discuss verbally, both with hearing people and with fellow deaf friends. The
hope is that this will help them achieve two things: (1) integration into society and (2) an oral
mindset, which is achieved when they can communicate verbally. However, education to
develop verbal communication in deaf children requires great effort, high teacher
competence, and support facilities such as sophisticated electronic equipment and appropriate
language methods (Jalali et al., 2024). Other forms of communication such as gestures,
mimics, and sign language are also used, but have weaknesses compared to spoken language.
Therefore, education for deaf children emphasizes verbal and nonverbal communication
skills (Inguscio et al., 2024).

Spastic Cerebral Palsy is a physical disorder characterized by muscle spasms, either partially
or completely (Patel et al., 2024). This spastic condition causes muscles to become tense and
stiff, resulting in difficulty in movement because the brain is unable to control impulses to the
muscles, resulting in uncoordinated contractions (Garza-Ulloa, 2018). As a result, when
doing activities, the strength used becomes opposite, making it difficult for individuals to
move smoothly. Cerebral palsy (CP) is a heterogeneous condition characterized by various
etiologies, impaired motor types, and different levels of severity. CP is classified based on the
type of movement affected, which includes the spastic type (85% - 90% of CP cases) with
hyperreflexia and upper motor neuron symptoms, the dyskinesia type (7% of CP cases) with
uncontrolled movements, the dystonic type with hyperkinesia and hypotonia, the ataxid type
with hypotonia and loss of coordination, and the mixed type. CP classification is also divided
into two categories: pyramidal type, which involves damage to the motor areas in the cerebral
cortex (such as the spastic type), and extrapyramidal type, which includes athetoid, ataxia,

and dystonia types (Manto et al., 2023).

Basic Education Data (Dapodik) 2024 shows that Cerebral Palsy and Hearing Impairment are
two conditions that often occur in children in Special Schools (SLB) in Central Java. Cerebral
Palsy is experienced by around 1.9% of the 21,344 children in SLB, affecting their motor
skills, mobility, and daily activities, thus requiring special intervention in education. In
addition, around 2.4% of the total children in SLB are Deaf, which has a major impact on
their communication skills and language development. These children often require hearing

aids and special learning methods. Dapodik 2024 also revealed that in SLB in the Pekalongan
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Residency area, Central Java, around 2.0% of 2,943 children have Cerebral Palsy, which
affects their motor skills and requires special attention in education. Children with Deafness
reach 2.3%, while children with multiple disabilities, namely Cerebral Palsy and Hearing
Impairment, reach 2.1%. In Branch Office XI, Central Java, around 2.1% of 1,345 children
have Cerebral Palsy, 2.4% have Deafness, and 1.9% have multiple disabilities. Meanwhile, in
SLB N Brebes, around 2.2% of 334 children have Cerebral Palsy, 2.6% have Deafness, and
1.3% have multiple disabilities. Dapodik also noted two 5th grade children in SLB with
Cerebral Palsy and Deafness, who face significant challenges in motor skills, hearing, and

communication, requiring a special approach in learning and interacting.

The Need for Alternative Communication Tools in Schools

Special Schools face significant challenges in serving children with special needs, especially
those with a combination of Cerebral Palsy and Deafness. Motor limitations from Cerebral
Palsy make it difficult for children to move, while Deafness limits understanding of verbal
instructions and communication. These children require a special approach to overcome their
dual limitations, both physical and communication. Research from Padjadjaran University
shows that meeting the basic needs and services for children with Cerebral Palsy requires a
multidisciplinary approach, including education, rehabilitation, and skills. In SLB, education
programs are often less effective due to the lack of skilled educator resources, while
rehabilitation programs are more successful because they involve professional therapists who
help develop children's motor functions (Mangiacotti et al., 2021). Research shows that
inclusion programs for children with communication barriers, such as Deafness, face
challenges in providing assistive devices to support communication in schools. The
development of alternative communication tools can help children overcome the

communication barriers they face every day (Sun et al., 2023).

The main problem in Special Schools in supporting children with Cerebral Palsy and
Deafness is the limited technology and assistive devices that can address motor and
communication barriers at the same time. Conventional methods are often ineffective, so
innovative solutions such as visual communication applications and adaptive technology are
needed. In addition, the lack of special training for teachers worsens the situation, because
teachers need to understand children’'s motor needs and teach material through sign language

or visual methods. AAC (Augmentative and Alternative Communication) technology such as
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communication boards or smartphone applications can help, but its success depends on the

teacher's readiness to integrate this technology into learning (Almusawi et al., 2021).

A major challenge in supporting the learning of children with Cerebral Palsy and Deafness is
the lack of access to appropriate and adaptive technology (Nufiez-Batalla et al., 2023).
Children with this combination of disabilities require specialized solutions that address both
motor and sensory challenges, but available assistive devices are often inadequate for both.
Communication aids tend to focus on only one aspect, such as hearing or speech, without
considering physical limitations (Liang et al., 2023). In addition, the lack of training for
teachers in using adaptive technology further exacerbates this situation. Accessibility to
technology that supports both disabilities holistically is essential to improving the
effectiveness of education for these children.

Problems that exist in schools

Fifth-grade children in special needs schools with Cerebral Palsy and hearing impairments
face significant challenges in communication and learning due to motor and sensory
limitations. Difficulties in performing basic physical activities and understanding verbal
instructions hinder their participation in class, slowing their academic and social development
(YALCIN & SADIK, 2024). The lack of adaptive technology that can address both of these
barriers simultaneously exacerbates the situation (Banda et al., 2024). These children often
feel isolated and have difficulty communicating with teachers and classmates. Urgent
solutions include the development of appropriate adaptive technology and intensive training
for teachers, so that they can provide maximum support through alternative communication
technologies such as Augmentative and Alternative Communication (AAC), which have

proven effective but are still constrained in their implementation (Alsalihy et al., 2024).
Problems at Home
A 5th grader in a special needs school with Cerebral Palsy and hearing impairment faces

serious communication challenges, both at school and at home. Motor and sensory limitations

hinder interaction with family, causing difficulties in expressing needs and feelings. Without
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adaptive communication technology, communication relies on gestures and facial
expressions, which are often ineffective due to the child's physical limitations. This leads to
misunderstandings and frustration and affects the child's emotional well-being. The family's
lack of skills in using technology or alternative communication methods exacerbates this
situation. The use of visual-based Augmentative and Alternative Communication (AAC)
technology can help children communicate better, improve interaction with family, and
reduce dependence on parents (Gualtieri et al., 2024) .

In this study, there are several problems identified, namely lack of communication skills,
limited understanding of communication, and a tendency to easily throw tantrums due to the
inability to express themselves. Many students with multiple disabilities, such as Cerebral
Palsy and Hearing Impairment, have difficulty in conveying their needs and desires, which
results in frustration and social isolation. Therefore, the formulation of the problem in this
study is how the use of the Android-based MyDali application can improve the
communication skills of students with multiple disabilities in grade IV at SLB. This study
also aims to assess the extent to which communication skills have improved after using the
application. Thus, the purpose of this study is to explain the use of the MyDali application as
an effective communication aid, and to evaluate its impact on students' communication skills.
It is hoped that by understanding and analyzing the use of this application, solutions can be
found to improve communication, social interaction, and independence of students in the

educational environment.

Method

This research took place at SLB Negeri Brebes, the class chosen was class IV with multiple
disabilities. The research was conducted at the beginning of semester Il of the 2023/2024
Academic Year from January to April 2024. This research took place in the teaching and
learning process every day from Monday to Thursday, with a duration of 20 minutes for each
action. The data sources for this research consist of primary data and secondary data. Primary
data comes from research subjects while secondary data comes from the researcher himself.
This research uses qualitative and quantitative data analysis. Qualitative data analysis by
describing how the use of the MyDaLi (ACC) application can improve the communication
skills of students with multiple disabilities, starting from before being given action to after

being given action. In quantitative data analysis by describing the comparison of the
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communication skills of students with multiple disabilities starting from the initial conditions,
learning outcomes in cycle 1 and results in cycle 2. The data collection technique used was
interviews or observations (interviews with parents and direct observation with children),
then the researcher created an assessment instrument that would be used when providing

actions during observation.

The subjects of this study were two fourth-grade students with multiple disabilities, who had
difficulty communicating. The first student had Cerebral Palsy which affected the ability to
move the body, especially in the arms and legs, so that he needed assistance for mobility and
daily activities. In addition, this student also had a hearing impairment, which made it
difficult for him to understand verbal instructions and communicate without the help of
alternative communication tools or methods. The second student also faced similar motor and
sensory difficulties, but with more significant limitations in terms of movement coordination.
Both required intensive support from teachers, physical therapy, and adaptive communication
devices to better participate in learning activities. Despite having complex disabilities, both
students showed high enthusiasm for learning, and with the right support, they were able to

continue to develop their academic abilities and social skills.

Results

Based on the learning process that has been implemented in two research cycles, the
researcher analyzed the data obtained in Cycle | as follows. At the planning stage, the
researcher prepared a Learning Implementation Plan (RPP). In addition, interviews were
conducted with parents of students to find out how they communicate in daily activities. The
researcher also created an Android-based MyDaLi (AAC) application that displays images as
answer choices. In addition, the researcher prepared an assessment instrument to measure the
improvement of students' communication skills. The results of the researcher's observations
on the improvement of communication skills in 2 students with multiple disabilities through
the MyDaL.i (ACC) application, were a total score of KM 7 with a percentage of 77% while
MS 8 with a percentage of 88%.

The results obtained in cycle Il showed that there had been an increase in communication.
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Where at the beginning of the pre-cycle each student's total score was only 3 with a
percentage of 33%, then in cycle | the total score of KM 5 with a percentage of 55%, while
MS the total score was 6 with a percentage of 66%. Overall, it is explained in the following
table.

Table 1. Recapitulation of the Results of the Pre-Cycle, Cycle I and Cycle II Communication
Skills Assessment

Precycle Cycle | Cycle 11
No. Assessment Items Student Initials
KM MS KM KM KM MS
1. Answering questions about 1 1 2 2 3 3
activities
2. Showing expression 1 1 2 2 2 3
3. Answering about adjectives 1 1 1 2 2 2
Amount 3 3 5 6 7 8
Percentage 33% 33% 55% 66% 77% 88%

Based on the data above, it is clear that through the Android-BASED MyDaLi (ACC)
application, communication in students with multiple disabilities has increased. Where the
initial ability of KM and MS students was only 33%, in cycle | it increased to KM 55% and
MS 66%. Then after being given treatment in cycle Il, it increased to KM 77% and MS to
88%. The results of the increase in communication skills after being given treatment in the
pre-cycle, cycle I and cycle Il can be seen from the graph diagram below.

Eesults Improve Communication Skills
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Figure 1. Results Improve Communication Skills
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This shows that the Android-BASED MyDaLi (ACC) application media for students with
multiple disabilities can maximize their communication skills. With good communication
skills, it can help students to communicate with others. Simply put, students can understand

the form of questions and can answer questions correctly.

Discussion

The Android-based MyDalL.i application is designed to help children with Cerebral Palsy and
Hearing Impairment at SLB N Brebes communicate more effectively, increase learning
participation, and develop social skills. MyDaLi uses Augmentative and Alternative
Communication (AAC) technology that supports communication through intuitive symbols,
images, and icons. Augmentative & Alternative Communication (AAC) according to The
American Speech Language Hearing Association (Beukelman & Light, 2020; Jhonson et al.,
2008) is a field of research and clinical and educational practice that focuses on efforts to
study and, if necessary, overcome temporary or permanent disorders in the production or
understanding of language, both spoken and written, in individuals with severe
communication disorders. This application helps overcome motor and sensory barriers and
facilitates communication independence without being completely dependent on a
companion. Designed with Android-based accessibility, MyDaL.i is easy to use and widely
available. In addition, this application supports children's learning processes, improves social
interaction, and can be integrated into educational and therapeutic environments. Previous
research has shown the effectiveness of AAC technology in supporting children with
complex communication needs, but support from teachers, families, and technology access

are still needed for successful implementation.

AAC technology can be developed in the form of low technology, such as communication
boards and pictures, as well as high technology, such as computers, tablets, and digital-based
speech aids (Choi & Tate, 2021). In line with Shahid et al., (2022), assistive technology is
very important to help children with Cerebral Palsy communicate better. Various resources
are available to improve expressive communication skills, such as articulation, word retrieval,
sentence formulation, fluency, and dialogue. AAC technology is very important to help

children with Cerebral Palsy communicate better. AAC includes functional communication
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techniques, symbols, and interaction behaviors used to express thoughts and needs.
According to Light in Da Fonte et al., (2019), AAC has four main goals: expressing needs,
transferring information, building social closeness, and following social etiquette. AAC is
designed with low and high technology variations to help children with Cerebral Palsy and
deafness communicate effectively. This study aims to understand the role of AAC in
supporting the complex communication needs of children with Cerebral Palsy and deafness
(Siegel et al., 2020).

Research by Nataletti et al., (2024), shows that the developed mobile application can improve
the independence and quality of life of people with Cerebral Palsy with practical solutions for
daily activities. Ben Itzhak et al., (2023), found that Android-based game applications are
effective in improving the vocabulary of deaf children through an interactive approach.
Severino et al., (2023), explains the augmented reality based "sa..." application as an
interactive learning media that helps children with speech delays understand vocabulary.
Marzouk et al., (2024), revealed that the speech recognition-based Communication Board
application is effective in improving the communication skills of deaf children with profound
hearing loss, although it still requires further development. From this study, there is a gap that
shows the need to use the Android-based MyDaLi Application to improve the communication

skills of students with multiple disabilities in SLB.

This Android-based AAC is called the My Daily Life (MyDaLi) Application. The concept of
this application is a series of images of activities and expressions used in everyday
communication. Images can be selected by students by touching the device screen. When the
image is clicked, a zooming image appears followed by sound. This aims to allow students to
simultaneously learn the names of daily activities and expressions. The images selected are
daily activities and expressions closest to students. Here is the appearance of MyDaLi (AAC)

on an Android cellphone.

In the action stage of Cycle I, the initial communication skills of students were assessed first,
with the results shown in Table 2. In the pre-cycle, KM and MS were each only able to obtain
a score of 1 on three assessment items, namely answering questions about activities, showing
expressions, and answering questions about adjectives, with a total score of 3 and a
percentage of 33%. From these results, it can be seen that students were unable to answer

questions correctly and needed full assistance from the researcher. Based on this initial
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ability, the researcher used the MyDaLi (ACC) application to help improve their
communication skills. In carrying out the action, the researcher first introduced the images in
the MyDaL.i application. These images were used as answer choices that would be chosen by
students. In addition, questions according to the images in the application were asked in
stages. In the observation stage, the researcher analyzed the results of improving students'
communication skills through the Android-based MyDaL.i application. The assessment results
in Cycle I showed that KM obtained a total score of 5 with a percentage of 55%, while MS
achieved a score of 6 with a percentage of 66%. Although there was an increase from the pre-
cycle, this result was still below the KKM.

Ln]

Selamat datang di aplikasi mydali silahkan pilih aktivitas kamu

\J
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Figure 2. MyDaL.i (AAC) display on Android phones

Reflection from Cycle | showed that although there was an increase, the results were still not
optimal. Comparative data between the pre-cycle and Cycle | showed an increase from 33%
to 55% for KM and from 33% to 66% for MS. The shortcomings in Cycle | were used as a
reference for improvements in Cycle Il. In Cycle Il, the researcher made several
improvements in the planning and implementation of actions. The MyDaL.i application was
updated by displaying schemes such as "I want," "I feel,” and "I..." which were used as
question aids. Questions were given in stages, with clearer and different answer choices to
facilitate student understanding. The researcher also gave questions repeatedly and used
diversions to ensure that students really understood the questions and answers. Observations

in Cycle Il showed significant improvements. KM achieved a total score of 7 with a
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percentage of 77%, while MS achieved a total score of 8 with a percentage of 88%, as shown
in Table 5. Based on the reflection of Cycle I, the results showed a significant increase from
Cycle I, with KM increasing from 55% to 77% and MS from 66% to 88%. These results
indicate that the Android-based MyDaLi application is effective in improving the
communication skills of students with multiple disabilities, and the KKM target has been
achieved, so no further handling is required in the next cycle.

Work indicators can be seen from the ability of students to answer questions to improve
communication skills, both communication with peers, parents, and teachers. In Cycle I, the
research began with the planning stage which included the preparation of the Learning
Implementation Plan (RPP) (Attachment 1), preparation of observation and interview
guidelines (Attachment 2), and preparation of the Android-based MyDalL.i application used
on Android phones, with picture features as answer choices in the application. In the action
stage, the researcher first explained the pictures that were the answer choices in the MyDalL.i
application, followed by an explanation of the application usage flow so that the subjects
understood the material to be presented. The researcher also explained the direction and
choice of questions that must be answered by the subjects. Furthermore, the observation stage
was carried out to analyze research data with the aim of determining the process of improving
communication skills in students with multiple disabilities. After the action was carried out,
reflection was carried out to evaluate the extent to which the use of the MyDalL.i application
could improve students' communication skills. This reflection also includes an analysis of the
advantages and disadvantages of the actions taken, so that they can be improved in the next
cycle. After Cycle I was completed, the research continued to Cycle Il. The steps in Cycle 11
are basically the same as Cycle I, but with improvements in planning and providing actions
based on the results of reflection from Cycle I. The results of observations and data analysis
in Cycle Il show an improvement from the results obtained in Cycle I, because Cycle Il is an

improvement and refinement of the actions that have been carried out previously.

Conclusion

The recapitulation results of the assessment of the communication skills of two students,
namely KM and MS, in three assessment stages: Pre-cycle, Cycle I, and Cycle Il. The
assessment was carried out on three aspects, namely the ability to answer questions about

activities, show expressions, and answer about adjectives. In the Pre-cycle stage, both KM

74

~
—



The Use of the Android-Based Mydaly Application as an Alternative
Communication Tool to Improve the Communication Skills of Students with
Multiple Spastic Disabilities, Grade IV in Special Schools

and MS received a score of 1 for the three assessment items, with a total score of 3 and a
percentage of 33%. After the intervention in Cycle I, there was an increase in their
communication skills. KM received scores of 2, 2, and 2, while MS received scores of 1, 2,
and 2. The total score increased to 6 with a percentage of 55%. In Cycle Il, there was a more
significant increase, where KM received scores of 3, 2, and 3, while MS received a score of 3
for all assessment items. The total score in this cycle was 8 with a percentage of 88%.
Overall, this table shows a consistent increase in the communication skills of both students

from the pre-cycle to cycle II.

Recommendations

Researchers suggest that learning for students with multiple disabilities should use visual
media. Through visual media, it is easier for students to understand questions and provide
answers. One of them is the Android-BASED MyDaLi (ACC) application visual media.
Where the form of questions and questions is packaged virtually by displaying sound, thus
helping students to understand the concept of communication. If their understanding of

communication is good, then students can communicate with anyone.
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Chapter 4 - A Survey on Students’ Perceptions of GenAl in
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Chapter Highlights

» The While Generative Artificial Intelligence (GenAl) tools are increasingly being used
by students in higher education, we still lack insight into their views on its use and
potential applications.

» This study explores students’ perceptions of GenAl tools across five key dimensions:
learning performance, motivation, effort expectancy, trustworthiness, and intention to
use.

» Data were collected through the spread of an online survey among 940 higher education
students enrolled in life sciences courses at a Dutch university during the 2023-2024
academic year.

» The results indicated that students generally found GenAl tools useful, easy to use, and
moderately trustworthy.

» They reported that GenAl tools help with task completion and improve learning
performance.

» Effort expectancy was high, with students finding the tools intuitive and easy to learn.
However, motivation levels were moderate, and there was variability in intention to
use. Some students expressed a strong desire to continue using GenAl tools, while
others were uncertain or less inclined to engage with them in the future.

» These findings suggest that while GenAl tools show promise in supporting students’
performance, there are challenges related to student motivation and long-term intention
to use.

» The study provides insights for educators and institutions aiming to integrate GenAl

tools effectively into higher education.
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Introduction

Generative Artificial Intelligence (GenAl) is rapidly transforming the landscape of higher
education, offering unprecedented opportunities to enhance teaching, learning, and
assessment. Understanding students’ perceptions of this technology is critical to harnessing
its potential effectively (Farrokhnia et al., 2024). As primary stakeholders in the educational
process, students’ attitudes and beliefs about GenAl significantly influence how these tools

are adopted, used, and ultimately impact their academic performance and experience.

The emergence of GenAl tools like ChatGPT showcased the potential for Al to streamline
educational processes and provide personalized learning experiences. These tools can help
students access immediate feedback, generate ideas, and explore new forms of creativity
(Banihashem et al., 2024). However, they also raise important questions about ethics,
academic integrity, and equitable access. Exploring students’ perceptions allows educators
and policymakers to address these concerns and create strategies that align with students’

needs, ensuring that GenAl complements rather than complicates their learning journey.

GenAl tools are increasingly and significantly influencing higher education. These tools offer
capabilities like content generation and personalized support, which have the potential to
reshape students' learning experiences (Farrokhnia, et al., 2024; Noroozi et al., 2024).
However, the impact of GenAl tools depends heavily on students’ perceptions, which
encompass various psychological and behavioral dimensions (Daher and Hussein, 2024).
Students' perceptions and attitudes, whether positive or negative, play a crucial role in
determining their willingness to adopt and effectively use GenAl tools in educational
contexts (Zawacki-Richter et al., 2020). Students’ negative and positive perceptions of and
attitudes towards GenAl tools can determine whether students are willing to use and apply
GenAl tools are not. Investigating how students perceive these tools can reveal the
opportunities and challenges associated with their integration into academic settings
(Dwivedi et al., 2023). Understanding students’ learning performance, motivation, effort
expectancy, trustworthiness, and intention to use can guide educators and institutions in
designing effective strategies for GenAl tools adoption that align with educational goals and

ethical considerations (Zawacki-Richter et al., 2019).
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Student perceptions involve several key dimensions, including perceived learning
performance (students' beliefs about the extent to which GenAl tools contribute to their
learning outcomes and academic success), perceived motivation (the extent to which students
believe that using GenAl tools enhances their enthusiasm, motivation, and drive to learn or
complete academic tasks), perceived effort expectancy (the degree to which students believe
that GenAl tools are easy to use and require minimal effort to adopt), perceived
trustworthiness (to the extent to which students believe that GenAl tools are reliable,
accurate, and capable of providing trustworthy outputs or recommendations in educational
contexts), and intention to use (the likelihood or willingness of students to adopt and utilize
GenAl tools for educational purposes). These dimensions play a crucial role in determining
how students interact with GenAl tools and the extent to which these tools are embraced in
academic environments (Venkatesh et al., 2012).

One of the key reasons to focus on students’ perceptions is to shape effective integration
strategies for GenAl in higher education. When students view these tools positively,
recognizing their ability to support learning, institutions can design interventions that
maximize these benefits (Akhteh et al., 2022a, 2022b). For example, embedding GenAl into
collaborative learning environments or adaptive learning platforms can make education more
personalized and engaging. At the same time, addressing negative perceptions, such as
concerns about over-reliance on Al or the loss of critical thinking skills, ensures that the
integrati on of technology does not undermine educational objectives (Banihashem et al.,
2024).

Understanding students’ perceptions also sheds light on the need to foster digital literacy and
critical thinking. While GenAl offers convenience and efficiency, students must develop the
skills to evaluate Al-generated outputs critically. Without these skills, there is a risk of
overdependence on Al, potentially undermining students’ ability to think independently and
solve complex problems. By understanding how students perceive and interact with these
tools, educators can design targeted interventions that promote responsible and informed use

of technology (Noroozi et al., 2024).

Another important dimension of students’ perceptions relates to the ethical implications of

using GenAl. Questions about plagiarism, bias in Al-generated content, and data privacy
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have become central to discussions about Al in education. By engaging with students’ views,
educators can facilitate meaningful conversations about the responsible use of Al and co-
create policies that reflect shared values. This approach not only encourages ethical behavior
but also fosters a sense of accountability and trust between students and institutions (Noroozi
et al., 2024).

This study seeks to explore these factors, addressing the research question: How do students
perceive the use of GenAl tools in higher education in terms of learning performance,
motivation, effort expectancy, trustworthiness, and intention to use? By addressing this
research question, we aim to provide a comprehensive understanding of how students
perceive the use of GenAl tools in higher education, focusing on their impact on learning
performance, motivation, effort expectancy, trustworthiness, and intention to use. This insight
will help educators, policymakers, and developers design more effective strategies for
integrating GenAl tools into educational practices, ensuring they meet students' needs and

foster positive learning outcomes.

Method

Context and Participants

This exploratory and survey-based study was conducted at a Dutch university and involved
940 higher education students enrolled in five life sciences courses during the 2023-2024
academic year. Of these, 722 participants were included in the final analysis, as 218 students

(23%) did not complete the survey. The demographic information of the participants is listed
in Table 1.

Table 1: Demographic Information of the Study Sample

Variable Category N %
Education Level Bachelor's 285 37.3
students
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Master's students 479 62.7
Academic Year First year 246 32.2
Second year 265 34.7
Third year 153 20.0
Fourth year 63 8.2
Other years 35 4.6
Native Language Dutch 545 71.3
Non Dutch 216 28.3
Gender Female 398 52.1
Male 322 42.1

Measurements and Analysis

To assess students' perceptions of using GenAl tools, a questionnaire was developed based on
frameworks by Venkatesh et al. (2012), Gulati et al. (2019), Chatterjee et al. (2020), and the
UNESCO report. The questionnaire included 16 items evaluating five components: learning
performance (e.g., | find GenAl useful for my learning), motivation (e.g., using GenAl is
fun), effort expectancy (e.g., learning how to use GenAl is easy for me), trustworthiness (e.qg.,
I can trust the information presented to me by GenAl), and intention to use (e.g., | intend to
continue using GenAl in the future). Responses were measured on a five-point Likert scale
ranging from "strongly disagree™ (1) to "strongly agree” (5). A score of 5 indicates a highly
positive perception while a score of 1 reflects a negative perception, indicating strong
disagreement. The scale demonstrated high reliability, with a Cronbach's alpha of 0.95, and

descriptive analyses provided mean and standard deviation for each item and component.
Results
The findings revealed nuanced insights into students’ perceptions of GenAl tools across five

dimensions. Learning performance, with an overall mean of 3.51, indicated that students

generally find GenAl useful for their learning performance and productivity. Among the
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items, the highest-rated statement was that using GenAl helps students accomplish tasks
more quickly (M = 3.63, SD = 1.43), while the lowest-rated was its impact on productivity
(M = 3.41, SD = 1.44). For motivation, the results showed a moderate level of enjoyment,
with an overall mean of 3.11. Students found GenAl moderately fun (M = 3.21, SD = 1.26),
though entertainment was rated slightly lower (M = 3.00, SD = 1.27). The effort expectancy
was rated relatively high (M = 3.53), suggesting that students perceive GenAl as easy to learn
and use. Among the items, the statement "I find GenAl easy to use" received the highest
score (M =3.71, SD = 1.30). However, trustworthiness in GenAl scored mixed results. While
students expressed skepticism about its accuracy, as indicated by high agreement with the
statement "Educational content created by GenAl is NOT always correct” (M = 4.37, SD =
1.12), their overall trustworthiness level in the tool was moderate (M = 3.60, SD = 0.73).
Finally, intention to use showed variability, with an overall mean of 3.11. While some
students indicated an intent to continue using GenAl (M = 3.77, SD = 1.37), others were less
certain about consistent future usage (M = 2.42, SD = 1.25) (see Figure 1).

Box Plot for Students' Perceptions of GenAl Dimensions

’

Learning Performance Motivation Effort Expectancy  Trustworthiness Intention to Use

Figure 1: Descriptive Statistics of Students' Perceptions of Using GenAl in Higher Education

Discussion and Conclusion

Capturing students’ perceptions is not without its challenges. Attitudes toward GenAl can

vary widely based on factors such as academic discipline, prior exposure to technology, and
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cultural background. Additionally, perceptions may evolve as students gain more experience
with these tools, requiring continuous engagement and research. The gap between students’
stated perceptions and their actual use of GenAl further complicates the picture, underscoring
the need for nuanced and ongoing exploration.

Addressing these complexities requires a multifaceted approach. Research that combines
surveys, interviews, and observational studies can provide a comprehensive understanding of
students’ perceptions. Such efforts should not only capture the benefits students see in GenAl
but also delve into the barriers and concerns they face. Involving students in the design and
implementation of GenAl tools ensures that these technologies align with their needs and

expectations, increasing the likelihood of acceptance and effective use.

Our findings highlight both the opportunities and challenges associated with integrating
GenAl tools into higher education. In general, The analysis of the data highlights notable
trends across key dimensions of students’ perceptions regarding the use of GenAl tools in
higher education. Among the examined factors, "trustworthiness” received the highest
average score, indicating that students generally perceive these tools as reliable and credible.
This trustworthiness may serve as a foundation for their willingness to engage with GenAl
tools in academic settings. Additionally, effort expectancy and learning performance were
found to be rated relatively high, suggesting that students found these tools both easy to use
and effective in enhancing their academic success. These scores reflect the potential of
GenAl tools to support students in achieving their educational objectives. However,
motivation and intention to use both received low scores, highlighting potential challenges in
fostering enthusiasm and sustained engagement with these tools. These lower ratings may
point to barriers such as a lack of intrinsic interest or concerns about the long-term value of

GenAl in their studies.

Results related to perceived usefulness and trustworthiness, align with technology adoption
frameworks, such as the Unified Theory of Acceptance and Use of Technology (UTAUT),
which emphasize usability and trust as critical components of adoption (Venkatesh et al.,
2012; Dwivedi et al., 2023). Results related to low motivation are in line with previous
studies that highlight motivation as a key barrier to the adoption of educational technologies
(Zawacki-Richter et al., 2019; Daher & Hussein, 2024). To maximize the potential of GenAl
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tools for educational success, institutions must address these barriers by implementing
strategies that enhance intrinsic motivation and clearly communicate the tools’ long-term
benefits. For instance, integrating GenAl into meaningful, goal-oriented tasks can help
reinforce its utility while fostering engagement. To provide a more holistic picture, future
research should explore the broader implications of GenAl adoption, particularly its
perceived impact on critical thinking, creativity, and ethical considerations, to ensure its

alignment with educational objectives and sustainable integration.

Institutions can also play a proactive role by offering training and support to help students
navigate the opportunities and challenges of GenAl. Workshops, tutorials, and resources that
focus on both technical and ethical aspects of Al use can empower students to engage with
these tools responsibly. Additionally, involving students in decision-making processes about
Al policies fosters a sense of ownership and trust, ensuring that institutional strategies
resonate with the experiences and aspirations of the student body. Evaluating the long-term
impact of GenAl on students’ learning experiences is equally important. By monitoring
outcomes such as academic performance, student satisfaction, and perceptions of academic
integrity, institutions can refine their approaches and ensure that Al integration contributes to
meaningful educational improvements. This ongoing assessment helps create an adaptive
framework that evolves alongside technological advancements and students’ changing needs
(Noroozi et al., 2024). As higher education embraces the possibilities of GenAl,
understanding students’ perceptions is not merely an academic exercise but a practical
imperative. These insights provide the foundation for thoughtful, inclusive, and effective
integration of Al into educational practices. By listening to and addressing students’
perspectives, institutions can create a learning environment that leverages the strengths of Al
while safeguarding the principles of equity, ethics, and academic excellence. In doing so,
they not only prepare students for the demands of an Al-driven world but also reaffirm the

role of education as a catalyst for growth and innovation.
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Chapter Highlights

» The Traditional teaching methods often need help to effectively engage students in
complex mathematical subjects, particularly in real analysis.

» This research explores "Point Proven,” an educational game designed to bridge this gap
by integrating mathematical proofs and axioms into an interactive, gamified
environment.

» Developed through a rapid prototype framework, the game aims to foster deeper
understanding and enjoyment in learning real analysis.

» Playtesting involved 100 participants who took pre- and post-tests on real analysis
concepts.

» The results showed a positive correlation between gameplay and improved
comprehension, suggesting that gamified learning tools can be valuable supplements to

traditional teaching methods.
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Introduction

The mathematics is a cornerstone of education, yet teaching abstract concepts, particularly in
fields like real analysis, presents a significant challenge. According to the OECD's
Programme for International Student Assessment (PISA), Indonesian students consistently
perform below the international average in mathematics, scoring 366 compared to the global
average of 472 (PISA, n.d.; see Figure 1). This trend reveals widespread issues with student
engagement and comprehension, and the pandemic further exacerbated these challenges by
forcing a shift to online learning. In Indonesia, 60% of students reported school closures
lasting over three months, potentially impacting math proficiency. Traditional math teaching
methods, which often focus on rote memorization and step-by-step procedures, fail to foster
the critical thinking and problem-solving skills essential for real-world applications. The
PISA assessment evaluates 15-year-olds' ability to apply their reading, mathematics, and
science knowledge to practical challenges.

Indonesia

Score points

== Mean performance === Best-fitting trend OECD Average (23 countries)

Reading Mathematics Science
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Figure 1. Trends in Reading, Mathematics and Science in Indonesia (PISA 2022 results, n.d.)

In Indonesia, the education system emphasizes memorization over problem-solving, leading
students to master procedures without fully understanding their meaning. While this method
is effective for memorizing large volumes of information, it must be improved to promote the
critical thinking needed to apply mathematical concepts in various contexts. In contrast,
active learning through problem-solving encourages students to develop new knowledge

independently, though it requires more time and resources (N. Akhter, 2015).
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The Indonesian gaming market has also rapidly expanded, especially post-COVID-19, as
people shifted from traditional to digital games (Sanjaya, 2020). By 2022, an estimated 185
million Indonesians were gamers, comprising 89% of the population aged 15 and above
(Kameke, 2022; Total Population of Age 15 and above by Age Group, 2022, 2024). This
growth underscores Indonesia's strong market potential, which is supported by a thriving
game development industry gaining international recognition. Indonesian e-sports teams and
game studios are increasingly acknowledged globally, reflecting the country’s expanding role
in the gaming world (Fauzia, 2024). The gaming community’s enthusiasm surged after
COVID-19, driving demand for games and fostering interest in game development across
Indonesia. However, despite the potential for games to educate and showcase Indonesian
traditions and culture, many titles lack educational content, focusing more on entertainment.
Games focusing on cultural education often struggle to attract public interest, as audiences
tend to find them less engaging when promoted primarily for educational purposes.

This study emerges from a central question: Could an educational game improve students'
understanding of these abstract mathematical concepts? Specifically, could a game-based
approach, or gamification, enhance motivation and engagement in learning mathematics?
Moreover, if so, how practical would it be to use this approach to make math more accessible
and appealing for students? The study has three main objectives in exploring these questions.
First, it aims to develop an educational game that merges learning with interactive
engagement by weaving real analysis concepts into gameplay. Second, it tests the
effectiveness of "Point Proven” as a learning tool to improve students' grasp of mathematical
proofs and axioms. Finally, the study examines whether this approach can meaningfully boost
students' engagement and interest in mathematics, especially in challenging areas like real
analysis. This research used a rapid prototype development framework, where iterative
testing and refinement allowed for quick adjustments based on player feedback. Data
collection involved surveys and playtesting, providing quantitative and qualitative insights

into player engagement, comprehension, and game usability.

Method

The development of "Point Proven™ followed a rapid prototype framework, allowing for

flexibility and continuous iteration. This approach involves four main stages: identification,
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development, implementation, and revision. With each iteration, feedback from playtesting
sessions guided adjustments, making it possible to quickly refine the game's design to meet
educational goals better and enhance player engagement. Each game version became more
aligned with boosting comprehension and maintaining student interest.

Designers must apply emerging theories before testing game designs to balance educational
and entertainment goals effectively. This section introduces several critical theories relevant
to educational games, each contributing unique insights into how games can foster learning.

1. Rapid Prototype Development Framework

The rapid prototype development framework streamlines the design process into four key
stages: Identification, Development, Implementation, and Revision. It begins with identifying
the game's audience, content, and requirements. From there, developers create a basic
prototype focused on fulfilling essential goals, followed by implementation through
playtesting. The final stage involves reviewing and refining the product, looping back to
testing until the game meets its objectives. This iterative process allows developers to
enhance quality while reducing development time, leading to a more polished final product
(Jones, 2000; Naumann, 1982).

2. Man: The Nature of Play

Humans have an intrinsic desire to play, driven by a quest for fun and freedom. Huizinga
(1949) describes the play as a voluntary, liberating activity detached from everyday life,
existing solely for the joy it provides. While enjoyment can come from work or obligatory
tasks, fun emerges from freely chosen activities. The play offers an ordered escape, a way to

engage deeply without tangible rewards, which can be instrumental in learning.

3. Flow Theory

Flow theory, introduced by Csikszentmihalyi, explores how people enter a state of immersion
when engaging in activities that balance challenge and skill. Research comparing Montessori
and traditional teaching shows that when students follow their natural interests, as in
Montessori’s approach, they experience greater flow and motivation. Integrating flow into
educational design allows learners to lose themselves in a task, enhancing their motivation

and deepening their learning experience (Nakamura, 2009; dos Santos, 2018).
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Figure 2. First Model and New Model for Flow State

4. Mathematics and the Art of Proof

Mathematics builds on structured language, accepted principles, and logical reasoning.
Although formal proofs are rigorous and systematic, they can often feel inaccessible or
intimidating to learners. Informal proofs, on the other hand, are more intuitive and easier to
grasp, emphasizing understanding over rigid structure. Educators can make mathematics
more approachable by incorporating both formal and informal approaches, balancing

precision with accessibility (Hanna, 1991).

5. Games: Purpose and Potential in Education

Games serve as a bridge between work and play, encouraging voluntary participation and
engagement. They rely on interaction—whether with objects, other players, or Al—to create
a unique space where conventional rules are suspended, allowing players to engage fully.
Games bring clear goals, immediate feedback, and subconscious learning, making them
powerful educational tools. Successful educational games embody persistence, collaboration,
and autonomy, fostering an environment where learning feels natural and enjoyable
(Springer, 2009).

6. Teaching Methods

Different teaching methods provide distinct benefits for learning. Passive methods deliver
enormous amounts of information quickly but limit interaction. Active methods foster two-
way exchanges between teachers and students, while interactive approaches engage students
in dialogue with each other and the teacher. Problem-solving, a method valued for

encouraging creativity and critical thinking, is considered especially adequate in
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mathematics, where understanding is vital. Educators who support problem-solving see it as
fostering deep, applied knowledge beyond rote learning (Giorgdze, 2017; Akhter, 2015).

7. Deeper Learning

Learning experiences need to match students' skill levels, reduce unnecessary repetition, and
offer diverse ways to engage with content to help them achieve mastery. Strategies like
distributed practice, combining visual and auditory materials, and mixing related topics
enhance retention and comprehension. Creating a positive learning atmosphere where
students feel curious and motivated fosters a love for learning that extends beyond the
classroom (Hultberg, 2018; Jensen, 2008).

Together, these theories provide a roadmap for designing educational games that are
engaging and effective, offering students a chance to explore, play, and learn meaningfully.

The development journey of "Point Proven™ began with simple concepts like card and board
games. Although these early prototypes helped test the basic idea, they ultimately failed to
bring real analysis concepts to life. Shifting to a digital format was a turning point, allowing
more dynamic interactions and enabling mathematical proofs to integrate seamlessly into the
gameplay. This transformation made learning more intuitive, allowing players to engage with

complex concepts hands-on.

The nature of play, much like mathematics, is inherently detached from material concerns
and exists for its own sake. This philosophy led to several game iterations, starting with
"Battle of the Azure Seas,” aimed at high school students to teach mathematics in an
engaging, hybrid approach. Despite incorporating elements like naval warfare and problem-
solving, the ambitious goals and complexity presented significant design challenges. The next
attempt, "The Geometry of Potion Making," was a board game inspired by a social, debate-
style card game. However, issues with open-ended gameplay and the difficulty of judging

players' arguments made the experience less effective and engaging.

Learning from these experiences, the team created "Potion Proof: The Grand Elixir," a
cooperative card game focused on mathematical proofs. Though more engaging, it needed

help to convey the connection to mathematics clearly to players. The final iteration, "Point
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Proven," targeted high-achieving, motivated students, adopting a minimalistic, proof-based
approach. However, it also faced challenges in balancing engagement with mathematical
rigor. Each iteration underscored the difficulty of integrating complex mathematical content
into an enjoyable game, demonstrating the need for substantial development time, resources,
and expertise to create a polished and practical educational game (Springer, 2009; Huizinga,
1949; 11.3 Flow Theory, 11.7 Deeper Learning).

The team initially developed "Point Proven” with minimal graphics or color and no guiding
hints, aiming to test the game's core concept. The goal was to evaluate its feasibility and
appeal by assessing the mechanics of using axioms and theorems to prove conclusions. The
drag-and-drop feature introduced a structured approach, limiting players to valid proofs and
helping manage choice paralysis by reducing excessive options. Real analysis was chosen as

the content foundation because it aligned well with this structured approach.

The initial version faced challenges, such as a need for more explicit engagement mechanics
and issues with proof representation. Players initially struggled to understand the gameplay,
but engagement improved significantly after receiving brief instructions. Participants began
to experiment more creatively and abandoned brute-force tactics. This positive feedback led
the project into the polishing phase, although technical challenges remained regarding
substitution rules and ensuring logical consistency. Despite these hurdles, the game showed

promise for continued development.

& &

4
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Figure 3. Abstract Example of Substitution (Existence of Zero Elements)
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To facilitate understanding, "Point Proven" incorporated a drag-and-drop mechanic for
constructing proofs, allowing players to manipulate variables, operators, and statements

interactively.

Players progressed through increasingly complex levels, starting with introductory stages to
learn basic controls. As they advanced, they encountered more challenging puzzles, fostering
deeper comprehension of real analysis and promoting problem-solving and critical thinking
skills.

The proof-of-concept for "Point Proven™ was developed with no long-term vision and was
prepared to be discarded. The team used a brute-force approach for the algorithms, leading to
vulnerabilities within the mechanics. They reworked the codebase, added an undo and redo
function, polished the substitution process, and introduced real numbers and a level system.
Despite technical limitations with grouping statements and managing parentheses, they

worked to enhance clarity, ensuring players understood the equations.

The game initially included nine levels, with tutorial and practice sections, but player
feedback highlighted confusion and difficulty navigating the interface. To improve clarity,
the team added visual cues, reduced text clutter, expanded the workspace, and incorporated
interactive features, such as a leaderboard and random number generation (Bartle, 2008;
Springer, 2009).

The team conducted a validation session alongside playtesting, involving professionals in
educational material, game design, and graphics. The validation evaluated aspects like
substance conformity, language, and presentation, with scores for each category averaged and

scaled to calculate the final score.

The educational content scored well, especially in language conformity (10.00/10) and
overall substance (9.38/10). In contrast, the art and graphics validation highlighted
shortcomings, such as Ul design (5.00/10), with an overall score of 5.34/10. The gameplay
evaluation, focusing on elements like mechanics, engagement, and feedback, received
positive scores, especially for overall enjoyment (10.00/10) and challenge level (9.38/10),

with an overall score of 8.89/10.
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DELETE
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Figure 4. Screenshot of the Game "Point Proven” v1.0

The validation revealed strengths in educational value and overall gameplay satisfaction but
significant room for improvement in art, graphics, and mechanics. They expected the low art
score, as the primary focus was on education rather than aesthetics, and the abstract nature of
real analysis posed challenges for visual representation. Validators tested only introductory
levels, indicating potential for further enhancement of these aspects. Overall, the validation
confirmed areas of success, particularly in education, while also underscoring the potential

for future refinement.

The testing aimed to measure how well gameplay influenced students' understanding of real
analysis. Each participant began by taking a pre-test to establish their baseline knowledge,
then played the game, and finally took a post-test to gauge improvement. With 100 students
participating, these sessions also collected valuable feedback on the game's usability, ability

to engage students, and educational impact. This feedback was instrumental in shaping the
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final version of "Point Proven,” ensuring that the game was educational but also engaging

and user-friendly.

TIME
7s
&5
9
7s
308
380
125
295
168

Figure 5. Point Proven v1.1.6

Results

Form Structure

The data analysis involved two main approaches: a pre-and post-test comparison and a
difference analysis between initial (pre) and subsequent (post) responses. The first approach
assessed feedback from participants who completed the form only once, while the second

examined the change in responses before and after playing the game.

Further classification by major showed that 65.9% of participants had a mathematics-related
background, including informatics, which aligns with the mathematical content of the
playtesting session (see Figure 6). However, many participants found the pre-and post-test

questions more engaging than standard textbook questions. This disinterest possibly affected
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answer quality, suggesting that future tests should incorporate more captivating questions.

Participants shared varied perspectives on math: around 20 viewed it positively (fun,
attractive, functional), seven found it challenging, 6 enjoyed it only when accessible, and 3
disliked real analysis or pure math. The main complaint from 21 participants was that game

mechanics were challenging to understand or execute.

Participants by University Participants by Major

Telecommunicat
ions, 7.90%

Others, 23.70% Informatics,
13.20%

Mathematics,
55.30%

Others, 23.80%

UNPAR, 7.10%

UGM, 2.40% ITB, 66.70%

W Institut Teknologi Bandung (ITB)  ® Universitas Gadjah Mada (UGM)

W Universitas Parahyangan (UNPAR) B Others m Telecommunications  m Informatics ~m Mathematics  m Others

Participants by Math-Related Major
Persentage

m Related = Non-Related

Figure 6. Participant Count by University, Major and Math-Related Major

The feedback indicated that the game effectively catered to real analysis, with some
participants seeing its potential academic value. Players noted issues with language and
accessibility, but when at least one player successfully navigated the game, they indirectly

helped others overcome these accessibility challenges.

The team asked players who participated in the game to provide feedback through questions
that explored their experience and opinions in detail. These questions captured players'
impressions of the game’s visual appeal, enjoyment level, ease of use, and potential
educational value. First, the team asked players to rate various aspects on a scale of 1 to 5,

including the game’s graphics, overall fun, ease of understanding the controls, and relevance
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or usefulness.

Beyond ratings, players were encouraged to share specific feedback on what they felt was
well-implemented in the game and areas where they saw room for improvement. They also
had the opportunity to leave optional comments on the game’s potential usefulness and
reflections on the playtesting event itself. These insights provided a well-rounded perspective
on player engagement, the game’s strengths, and any challenges that may impact accessibility
or understanding. Table 1 provides an overview of the participant results, revealing that most
participants (66.7%) were from ITB, with smaller groups from UNPAR (7.1%) and UGM
(2.4%).

Figure 7 highlights vital factors influencing player engagement with "Point Proven,”

demonstrating the importance of visuals and controls in shaping the gaming experience.

Table 1. Participants’ Data Descriptive Analysis

Measurement Interest Graphics Controls Relevance
Mean 3.80 4.53 3.60 4.21
Std 1.15 0.65 1.24 0.96
Min 1 3 1 1
25% 3 4 3 4
50% 4 5 4 4
5% 5 5 5 5
Max 5 5 5 5

The analysis revealed that visuals and controls significantly shaped player engagement.
Graphics strongly correlated with interest (0.60), indicating that visually appealing elements
helped capture players’ attention. Similarly, controls were crucial for enjoyment, with a 0.65
correlation between ease of use and fun. Players who found the controls intuitive had a more
enjoyable experience, whereas those who struggled with them reported lower levels of both

enjoyment and engagement.

Interestingly, players with initially low interest in math became more engaged after playing,

as reflected by a slight negative correlation (-0.11) between pre- and post-interest. The
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correlation indicates that the game succeeded in engaging initially enthusiastic players about
mathematics. At the same time, its appeal had less impact on those interested in the subject.

The data also revealed an unexpected link between controls and post-interest, with controls
showing a 0.51 correlation to interest and fun displaying a slight negative correlation (-0.2).
Rather than enjoyment alone driving engagement, players’ interest seemed tied more closely

to their sense of competence in solving problems.

This finding suggests that players found mathematics more interesting when they could
navigate the game, underscoring the importance of controls in fostering an engaging
educational experience. Additionally, math enthusiasts strongly connected relevance to
interest and enjoyment, viewing the game as both educationally valuable and personally
meaningful.

Correlation Matrix Heatmap

1.0
Average Interest 0.12 -0.064 0.37 0.23 0.1
0.8
Graphics 0.16 0.25 0.081
0.6
Fun - 0.36 0.2 -0.2
Controls - - 0.4
Relevance - 0.37 0.16
-0.2
Pre Interest - 0.23 0.25
- 0.0
Post Interest - -0.1 0.081 0.51
I 1 1 I I 1
Average InterestGraphics Fun Controls  Relevance Pre Interest Post Interest

Figure 7. Participants’ Data Correlation Heatmap
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The scoring for the form tests applied a point-deduction method, deducting one point for each
mistake and assigning zeros for blank answers. Each test was worth 50 points, with 10 points
allocated per question. Participants’ scores showed an average improvement of 0.67 from the
pre-test to the post-test, with mean scores increasing from 4.39 to 5.07 (see Table 2).
However, the score change was somewhat inconsistent, likely due to participants’ varying
interest levels and backgrounds in mathematics. Given that game sessions ranged from 30
minutes to 3 hours, participant fatigue may have also contributed to lower scores, as some
appeared to duplicate answers across forms, resulting in no change in score (delta = 0).

The descriptive analysis highlights a broad range of scores, from 0 to 10, with a standard
deviation of around 3.5 for both tests. Notably, 50% of participants scored around the mid-
range (5 to 5.5), while only a few achieved scores close to the maximum. These variations
suggest that factors beyond mathematical knowledge, such as engagement level and
motivation, likely influenced the results. The following section will delve into in-game
metrics collected directly from gameplay to assess player engagement and learning outcomes
further.

Table 2. Participants’ Score Descriptive Analysis

Measurement Pre-Test Score Post-Test Score Delta Score

Mean 4.39 5.07 0.67
Std 3.53 3.33 2.63
Min 0 0 -3
25% 0 2.75 -0.75
50% 5 55 0

75% 7.25 7.75 1.25
Max 9.5 10 10

Game Metric Analysis

The game tracked various metrics, including level completion time and steps taken per level,
primarily for leaderboard purposes and analysis. Initially, the goal was to correlate these
metrics with form data for a more comprehensive understanding. However, most participants

used aliases, making linking game metrics with form responses challenging. Overall, the data
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covered 1,238 level completions, with 1,177 completions from the campaign levels. Sixty-
two unique players logged 82,892 seconds of playtime (about 23 hours).

Figures 8 and 9 reveal that certain levels were replayed frequently despite the level-locking
system, indicating that players often reattempted levels to improve their completion time or
approach. The analysis of the first attempts, shown in Figure 10, offers insight into player
engagement. Many players dropped off around level A4, which aligns with the recommended
ten levels per session. Some players participated out of curiosity rather than interest in

mathematics, suggesting varied motivations among participants.
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Further analysis identified challenging levels where players took excessive time or executed
numerous redundant steps. Levels T5 through T9 were particularly difficult, requiring
adjustments for a smoother experience. Figure 11 highlights the game's difficulty
progression, with a “rollercoaster” curve indicating an intended difficulty variation. However,
feedback suggested that some levels were too easy while others were overly challenging. The
team designed the final level (Q15) as a “final boss,” but they may need to refine it further if

they add new levels to maintain a balanced difficulty curve.
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Observational Data

During the playtesting sessions, testers showed high levels of engagement, likely because
developing a game as part of a mathematics thesis was an intriguing and novel concept. A
game focused on mathematics and real analysis is rare, which motivated participants to
persist through levels despite encountering occasional bugs or glitches. In public testing, the
unfamiliarity and challenge of the software led to lively discussions, creating an environment
where students helped each other and shared strategies. This collaborative atmosphere
resembled an ideal learning environment, as players learned from one another, with the
game’s structured level progression discouraging shortcuts and promoting a deeper

understanding.

The playtests also revealed different types of engagement. Some students who had not
initially planned to play became interested after watching others tackle levels, with reactions
ranging from amusement at mistakes to admiration for clever solutions. This “spectator
effect” encouraged a few onlookers to try the game themselves, which aligns with the
research goal of sparking interest in mathematics and real analysis. However, limited
available tools on certain levels confused players who could not use previously introduced
hypotheses. The confusion caused by limited tools on certain levels, combined with players'
frustration during the introductory stages, suggests that adjustments to early mechanics and

hints could help maintain engagement and ease players more smoothly into the game’s flow.

Discussion

The findings highlight "Point Proven™ as a valuable tool for making abstract mathematical
topics more engaging, especially for students who initially showed little interest in areas like
real analysis. By turning complex proofs into interactive challenges, the game transformed
what might have been a daunting learning experience into one that was motivational and
engaging. Students who typically struggle with or avoid such topics were more involved and

invested, demonstrating the potential of gamified learning to reach diverse learners.

However, the journey was challenging. While the game was generally well-received, some

players needed help to navigate the mechanics. This feedback emphasized balancing
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accessibility with the educational depth required for real analysis. Some students, particularly
those without a strong mathematics background, felt that certain elements needed to be more
complex, making the experience less intuitive and potentially hindering engagement. This
insight underscores the importance of designing educational games that are rich in content

and manageable for a range of learners.

In interpreting feedback, it became clear that intuitive controls and visual guidance enhanced
the learning experience. Players consistently highlighted the value of precise, straightforward
controls and visually distinct prompts, which helped them grasp the gameplay more easily.
The game’s educational benefits were most evident for students interested in mathematics.
However, an adaptive difficulty system could allow the game to cater to players with various
levels of familiarity with real analysis. Such a feature could make the game even more
effective by adjusting to each player’s learning pace and background, ensuring that all
students, regardless of their initial skill level, can benefit from this innovative approach to

learning.

Conclusion

In conclusion, this study found that "Point Proven™ effectively boosted student engagement
and understanding of real analysis concepts. The game’s ability to transform abstract
mathematics into an interactive experience highlights the potential of gamified tools to
complement traditional teaching methods, particularly for subjects that are often challenging
to grasp. The success of "Point Proven™ demonstrates how gamifying complex mathematical

ideas can make them more accessible and enjoyable.

By turning proofs and axioms into dynamic, engaging gameplay, the game opened up a new
way for students to approach abstract concepts, suggesting that similar tools could positively
impact other areas of mathematics education. Through this approach, students can acquire

knowledge and develop a genuine interest in the subject.

The study recommends several improvements for future game versions as we look ahead.
Simplifying the controls and making the interface more intuitive could enhance usability,

allowing players to navigate the game more quickly. Incorporating adaptive difficulty levels
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could further tailor the experience to each student’s skill level, making it accessible for both
beginners and those more familiar with real analysis. Future research with a more extensive
and more diverse group of students could provide further insights. Expanding the game to
include community-created levels and advanced topics would broaden its educational scope,
making "Point Proven" a more comprehensive and versatile learning tool. Readers interested
in exploring the game can access "Point Proven™ through:
https://store.steampowered.com/app/3158770/.
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Chapter Highlights

» As the digital era advances, Artificial Intelligence (Al) is transforming educational
landscapes, particularly within biology education.

» This review paper explores the integration of Al technologies in biology classrooms,
focusing on innovative pedagogical strategies, personalized learning environments, and
enhanced student engagement.

» The study aims to assess the potential of Al to revolutionize traditional teaching
methods while addressing the ethical considerations of its adoption.

» Through an extensive literature review, the paper synthesizes research findings on Al
applications in biology education, including case studies of Al-driven tools like
intelligent tutoring systems, virtual simulations, and data analysis platforms.

» The review highlights that Al can significantly enrich biology education by providing
dynamic, interactive learning experiences and deeper insights into complex biological
processes.

» Al-driven analytics allow educators to tailor materials to individual learner needs.

» The study emphasizes the importance of addressing privacy, bias, and ethical concerns
associated with Al in education. Integrating Al into biology education offers
opportunities to enhance pedagogical approaches and engage students interactively, but
it requires comprehensive ethical guidelines and robust frameworks to mitigate
potential risks.

» The future of Al in biology education is promising, yet it demands a balanced approach

that prioritizes both educational goals and ethical standards.
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Revolutionizing Biology Education Through Artificial Intelligence: Pedagogical
Strategies, Innovations, and Ethical Frameworks

Introduction

In recent years, the integration of Artificial Intelligence (Al) into various facets of education
has ignited a transformative shift, with particularly profound implications in the realm of
biology education. This evolution is driven by Al's capacity to tailor educational experiences
to individual learner needs, thereby enhancing engagement, understanding, and retention of
complex biological concepts (Owan et al., 2023; Wardat et al., 2023). Biology, with its
intricate systems and processes, stands to benefit significantly from Al-driven innovations,
such as intelligent tutoring systems, virtual labs, and data analysis tools, which offer
interactive and personalized learning experiences (Fages, 2020; Hassoun et al., 2021).

The impetus behind this integration is multifaceted, encompassing the desire to address
diverse learning preferences, overcome educational barriers, and equip students with the
knowledge and skills necessary for a future where biological literacy is increasingly
intertwined with technological advancements (Bhardwaj et al., 2022; Chen et al., 2020). The
advent of Al in biology education promises a more engaging and effective learning journey,
providing educators with tools to deliver content in novel ways that transcend traditional

classroom settings (Kim et al., 2018; Gonzalez-Calatayud et al., 2021).

However, the path to fully realizing Al's potential in biology education is fraught with
challenges, including ethical concerns related to data privacy, algorithmic bias, and the
potential to widen educational disparities. The deployment of Al in educational contexts
necessitates careful consideration of these issues to ensure that Al technologies are used in
ways that are ethical, equitable, and aligned with pedagogical goals (Reiss, 2021; Remian,
2019). This paper endeavors to critically examine the intersection of Al and biology
education, identifying the opportunities presented by Al for pedagogical innovation and the
challenges inherent in its adoption. It aims to shed light on effective strategies for integrating
Al into biology teaching and learning, while also addressing the ethical considerations that
must inform such efforts (Zhai et al., 2021; Huang et al., 2021).

Guided by an inquiry into the effective integration of Al technologies in biology education,
the optimal pedagogical strategies for employing Al in teaching, and the necessary ethical

frameworks for its use, this study contributes to the ongoing dialogue on Al's role in
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enhancing educational outcomes. Through this exploration, we seek to provide valuable
insights for educators, policymakers, and researchers committed to leveraging Al to enrich
biology education while navigating the complexities of ethical and practical implementation.
By situating Al within the context of biology education, this paper endeavors to chart a
course for future investigations and practical applications at the confluence of Al, biology,
and education. In doing so, it aspires to advance our understanding of how technology can be

harnessed to facilitate educational excellence and innovation.

Justification and Research Objective

The impetus for delving into the integration of Artificial Intelligence (Al) within biology
education is underpinned by a convergence of technological innovation and pedagogical
need. The advent of Al offers unprecedented opportunities to enhance educational practices,
particularly in disciplines that benefit from dynamic and interactive learning tools like
biology. The rationale for this study is rooted in the evolving landscape of education, where
digital transformation is not just a trend but a necessity to prepare students for a future
dominated by technology and data-driven decision-making (Chen et al., 2020; Wardat et al.,
2023). Al's potential to customize learning experiences to individual learner profiles presents
a promising avenue to address diverse learning needs, thereby improving educational
outcomes (Owan et al., 2023; Ahmad et al., 2023).

Moreover, the integration of Al in biology education aligns with the broader educational
objectives of fostering critical thinking, enhancing engagement, and promoting deeper
understanding of complex subjects. However, despite the promising advantages, the
application of Al in educational settings is accompanied by significant ethical, technical, and
pedagogical challenges that necessitate a thorough investigation (Reiss, 2021; Remian, 2019).
These challenges include concerns about data privacy, algorithmic bias, and the digital
divide, which could potentially hinder the equitable access to Al-enhanced education.
Therefore, this study is justified by the need to explore both the transformative potential of Al
in biology education and the imperative to navigate its associated challenges responsibly.
Given the multifaceted nature of Al's integration into biology education and the imperative to

address its associated challenges, this study sets forth the following research objectives:
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To Evaluate the Current State and Potential of Al Technologies in Enhancing Biology
Education

This objective involves an in-depth analysis of existing Al applications in biology teaching
and learning, focusing on their impact on student engagement, understanding, and
performance. It draws on studies that have documented the implementation of intelligent
tutoring systems, virtual labs, and other Al-driven tools in educational contexts (Kim et al.,
2018; Fages, 2020).

To Identify Effective Pedagogical Strategies For The Integration of Al in Biology Education

This objective seeks to uncover and analyze methods and approaches that educators can
employ to effectively incorporate Al technologies into their teaching practices, thereby
maximizing their pedagogical value (Gonzélez-Calatayud et al., 2021; Zhai et al., 2021).

To Explore Ethical Considerations and Challenges Associated With The Use Of Al in

Educational Settings

Central to this objective is the examination of ethical issues related to privacy, data security,
bias, and access, aiming to propose guidelines and recommendations for the responsible
deployment of Al in education (Reiss, 2021; Remian, 2019). By addressing these objectives,
the study aims to contribute valuable insights into the role of Al in biology education,
highlighting opportunities for innovation and areas for caution. It endeavors to inform
educators, policymakers, and technologists about the potential benefits and limitations of Al,
guiding the development of strategies that leverage Al to enhance educational outcomes

while upholding ethical standards.

Method

Research Design

Employing a methodical literature review methodology, this study aims to map out the
integration of Artificial Intelligence (Al) in the sphere of biology education comprehensively.

Following the precedents set by established methodologies in similar reviews (Ulhagq &
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Rahmayanti, 2020), this research endeavors to collate, evaluate, and synthesize the existing
body of literature to unearth trends, identify gaps, and suggest directions for future research
in the application of Al in biology education.

The literature search was systematically conducted across several academic databases,
including Web of Science (WoS), SCOPUS, PubMed, IEEE Xplore, ERIC, and Google
Scholar, adhering to a strategy designed to capture the breadth and depth of the field.
Keywords used in the search were derived from the central themes of the study, including
"Artificial Intelligence,” "Biology Education,” "Pedagogical Strategies,” and "Ethical
Considerations in Al." The search parameters were confined to materials published between
January 2010 and March 2024 ensuring that the review encapsulates the most recent
advancements and discussions in the field, as recommended by Chen et al. (2020) and
Bhardwaj et al. (2022).

Procedure

The inclusion criteria were tailored to select studies that provide significant insights into Al's
role in biology education, including empirical research, theoretical analyses, and review
articles that discuss Al-driven pedagogical strategies and ethical considerations (Alpaydin,
2020; Reiss, 2021; Remian, 2019). Exclusion criteria were applied to filter out publications
not directly related to the scope of biology education or Al, as well as those lacking in
academic rigor or relevance to the research questions at hand. Following a structured
approach to data extraction, the study focused on collating information pertinent to Al
applications in biology education, pedagogical outcomes, and ethical discussions within the
selected literature. This involved summarizing key findings, methodologies, and theoretical
contributions to build a coherent narrative around Al's potential and challenges in this
educational domain (Zhai et al., 2021; Kim et al., 2018).

Search Results
The initial search yielded a total of 2,500 articles, books, and other works. To refine our

selection, we applied specific inclusion and exclusion criteria. The inclusion criteria focused

on studies that provided significant insights into Al's role in biology education, including
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empirical research, theoretical analyses, and review articles discussing Al-driven pedagogical
strategies and ethical considerations. Studies not directly related to biology education or Al,

or those lacking academic rigor, were excluded.

Inclusion Process

Screening Titles and Abstracts

We began by screening the titles and abstracts of all 2,500 works to assess their relevance.
This step reduced the pool to 600 works.

Full-Text Review

We then conducted a full-text review of these 600 works, evaluating their relevance to our
research questions and inclusion criteria. This process further narrowed the selection to 150
studies.

Final Selection

After a thorough review and discussion among the research team, we selected 85 studies that

met all inclusion criteria and provided the most relevant and high-quality insights.

Exclusion Process

Throughout the screening and full-text review stages, we excluded 2,415 works. Common
reasons for exclusion included a lack of focus on Al or biology education, insufficient

academic rigor, or duplication.

Analysis

The thematic analysis was employed to distill the extracted data into coherent themes, which
were then critically examined to assess the current landscape and identify areas for future
inquiry (Gonzalez-Calatayud et al., 2021; Zhai et al., 2021). This analytical process allowed

for the identification of patterns, discrepancies, and unexplored areas within the literature,
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guiding the synthesis of findings in alignment with the study’s objectives.

Ensuring Validity and Reliability

To ensure the validity and reliability of our inclusion and exclusion processes, we

implemented several measures:

Inter-Rater Reliability

Multiple researchers independently reviewed each work, and any discrepancies were resolved

through discussion and consensus.

Standardized Criteria

We developed and adhered to standardized inclusion and exclusion criteria, ensuring

consistency in our selection process.

Pilot Testing

We pilot-tested our data extraction form on a sample of studies to ensure it captured all

relevant information consistently.

Consensus Building

Regular team meetings were held to discuss and verify the inclusion of studies, ensuring a
robust and reliable selection process.By following these rigorous methodologies, we ensured
that the studies included in our review were of high quality and directly relevant to our
research objectives.

Ethical Considerations

In line with ethical guidelines for literature reviews, all data derived from the selected

publications were meticulously cited, ensuring the integrity and transparency of the research
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process (Reiss, 2021). The review’s focus on ethical considerations in the literature further
underscores the importance of navigating Al’s integration in education with a conscientious

approach to privacy, bias, and equity issues.

Results

The comprehensive literature review conducted on the integration of Artificial Intelligence
(Al) in biology education reveals significant advancements, diverse applications, pedagogical
strategies, and ethical considerations. The synthesis of the findings is presented through
detailed tables, reflecting the depth of Al's impact on the field. These findings are detailed
below through carefully constructed tables, each preceded and followed by descriptive
narratives to elucidate the context and implications of the synthesized data.

Applications of Al in Biology Education

The application of Al technologies within biology education presents a transformative
potential for both teaching and learning processes. Key areas where Al has been implemented
include personalized learning experiences through Intelligent Tutoring Systems (ITS),
enhanced practical learning via Virtual Laboratories, and the facilitation of complex data

analysis with Data Analytics Tools (Table 1).

Table 1. Applications of Al in Biology Education

Al Application Description Key References

) ) Systems providing adaptive, personalized
Intelligent Tutoring ) ) ) ) )
learning experiences through immediate Kim et al., 2018
Systems (ITS)

feedback and instructional guidance.
Platforms simulating biological experiments,
Virtual Laboratories enabling students to explore and learn in a Fages, 2020
risk-free virtual environment.
) Tools assisting in the analysis and
Data Analytics ) ) ) ) Hassoun et al.,
interpretation of complex biological datasets

Tools ) 2021
for educational purposes.
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In the context of advancements delineated in Table 1, the emergence of Intelligent Tutoring
Systems (ITS), Virtual Laboratories, and Data Analytics within the sphere of biology
education exemplifies a profound paradigm shift. This shift is not merely technological but
pedagogical, signaling a move towards a more individualized and accessible educational
landscape. Intelligent Tutoring Systems (ITS) in biology education signify a transition
towards a customized learning environment. This model supports learners' progression at a
pace that is congruent with their individual learning capacities, offering adaptive support
mechanisms. This approach accommodates the heterogeneity of student learning preferences,
thereby enhancing mastery over complex biological concepts and fostering a higher degree of
student engagement.

Virtual Laboratories, conversely, address and mitigate traditional barriers of geography and
financial constraints associated with access to experimental biology. By leveraging these
platforms, learners from diverse socioeconomic backgrounds are afforded equitable access to
high-caliber educational materials. This facilitation of experimental exploration in a
simulated setting democratizes the quality of education, ensuring it is not confined to those

within specific geographic or financial bounds.

Furthermore, the incorporation of Data Analytics Tools into biology education revolutionizes
access to and understanding of complex biological data sets. These tools enable students to
engage in in-depth analysis and interpretation of significant data volumes, thereby opening
new vistas for inquiry and enhancing comprehension. Mastery of such analytical tools equips
learners with critical skills necessary for navigating the data-driven landscape of

contemporary biological sciences.

This nuanced approach to integrating Al technologies in biology education not only enriches
the educational experience but also aligns with the evolving demands of the 21st-century
scientific community.

Pedagogical Strategies Enhanced by Al

The integration of Al into biology education has also led to the development and

enhancement of several pedagogical strategies. These strategies leverage Al's capabilities to
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foster a more engaging, personalized, and effective learning environment.

Table 2. Pedagogical Strategies Enhanced by Al

Strategy Description Key References

] Al-driven customization of learning
Personalized ) ) S
] experiences, catering to the individual needs Owan et al., 2023
Learning Pathways
and pace of students.

] The collaborative use of Al by educators to Gonzélez-
Collaborative o )
) ) develop, curate, and optimize educational Calatayud et al.,
Curriculum Design
content and assessments. 2021

) Utilization of Al-powered VR and AR for
Interactive and ) ) ) ) _
) ) creating deeply engaging and immersive Zhai et al., 2021
Immersive Learning . ] o
learning experiences in biology.

Reflecting upon the applications of artificial intelligence as outlined in Table 2, the
advancement and integration of Al in biology education have ushered in significant
pedagogical innovations. Among these, Personalized Learning Pathways, Collaborative
Curriculum Design, and Interactive and Immersive Learning stand out for their
transformative potential. Personalized Learning Pathways epitomize the capability of Al to
tailor educational content to the unique learning styles and pace of individual students. By
customizing the learning experience, Al not only enhances the efficiency of the educational
process but also fosters a deeper engagement with the subject matter. This individualized
approach ensures that learners can navigate through content in a manner that maximizes their
understanding and retention, making it particularly advantageous for the study of intricate

biological concepts.

Collaborative Curriculum Design underscores the collaborative synergy that can be achieved
between educators and Al technologies. This partnership facilitates the creation of
educational content that is both compelling and informative, tailored to meet the evolving
needs of the educational landscape. The dynamic interplay between human insight and Al's
data-driven capabilities enables the development of curricula that are not only aligned with

educational standards but also resonate with students' interests and learning objectives.
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The adoption of Interactive and Immersive Learning techniques signifies a significant
advancement in the use of technology to craft authentic and engaging educational
experiences. These methodologies leverage the power of Al to simulate real-world scenarios
and complex biological systems, providing students with hands-on, experiential learning
opportunities. This approach enhances students’ understanding of complex subjects by
immersing them in realistic simulations, thereby bridging the gap between theoretical

knowledge and practical application.

Together, these Al-driven educational strategies herald a new era in biology education,
characterized by a greater personalization, collaboration, and engagement. By harnessing the
potential of Al, educators are able to create a more interactive, immersive, and effective
learning environment that prepares students for the challenges and opportunities of the

biological sciences.

Ethical Considerations in Al Integration

The application of Al in education introduces several ethical considerations that must be
addressed to ensure responsible use. These considerations include ensuring the privacy and
security of student data, mitigating algorithmic bias, and guaranteeing equitable access to Al-

enhanced education (Table 3).

Table 3. Ethical Considerations in Al Integration

: - Key
Ethical Issue Description
References
The importance of securing student data and
Data Privacy maintaining privacy within Al-driven educational  Reiss, 2021

tools.

o The need to address and mitigate biases within Al Remian,
Algorithmic Bias ) ) ) -
algorithms to prevent perpetuation of inequalities. 2019

. The challenge of ensuring all students have _
Accessibility and ) ) Zhai et al.,
) equitable access to Al-enhanced educational
Equity 2021
resources.
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In alignment with the insights provided in Table 3, the integration of artificial intelligence
(Al) in educational tools introduces critical considerations regarding Data Privacy,
Algorithmic Bias, and Accessibility and Equity. Each of these aspects plays a fundamental
role in shaping a responsible, equitable, and effective Al-enhanced educational landscape.
Data Privacy emerges as a paramount concern, necessitating the implementation of robust

security protocols and the adoption of transparent data handling practices.

The objective is to cultivate a foundation of trust and safety that reassures all stakeholders of
their privacy and data protection within Al educational frameworks. Ensuring the
confidentiality and integrity of student and educator data is essential in fostering an
environment where Al tools can be utilized without reservations regarding privacy

infringements.

Addressing Algorithmic Bias is imperative to ensure that Al's integration into education
contributes positively and equitably. It is crucial to acknowledge and mitigate the risk of Al
systems inadvertently perpetuating existing social and educational disparities through biased
algorithms. By actively working towards bias-free Al algorithms, educators and technologists
can pave the way for Al tools that enhance learning experiences and opportunities for all

students, irrespective of their background.

Ensuring Accessibility and Equity remains a cornerstone in the deployment of Al in
education, aiming to guarantee that these advanced tools benefit all students equally. This
commitment involves designing Al technologies that are universally accessible, removing
barriers to learning for students with disabilities and those from diverse socio-economic
backgrounds. The goal is to leverage Al not only to advance educational outcomes but also to

champion a more inclusive and equitable educational ecosystem.

In summary, the conscientious integration of Al in educational settings, as outlined in Table
3, necessitates a comprehensive approach to addressing Data Privacy, Algorithmic Bias, and
Accessibility and Equity. By confronting these challenges head-on, the educational
community can harness Al's potential to revolutionize learning while ensuring that such

innovations are implemented responsibly, equitably, and inclusively.
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Discussion

The integration of Artificial Intelligence (Al) into the domain of biology education represents
a paradigm shift with the potential to significantly enhance both the efficacy of teaching
methodologies and the learning outcomes for students. The transformative impact of Al
technologies, as evidenced by the diverse applications highlighted in our study, including
Intelligent Tutoring Systems (ITS), Virtual Laboratories, and Data Analytics Tools,
underscores a burgeoning frontier in educational innovation (Kim et al., 2018; Fages, 2020;
Hassoun et al., 2021).

The Transformative Impact of Al Technologies

The advent of ITS has revolutionized personalized learning, offering adaptive feedback
mechanisms that tailor educational experiences to the individual learner's pace and style. This
approach not only caters to diverse learner needs but also fosters an environment where
students can engage deeply with complex biological concepts at their own pace, thereby
enhancing comprehension and retention (Kim et al., 2018). Similarly, Virtual Laboratories
provide a practical learning experience that was previously unattainable for many due to
logistical and ethical constraints, enabling students to experiment and learn in a controlled,

risk-free virtual environment (Fages, 2020).

Data Analytics Tools represent another significant advancement, enabling the analysis of
complex biological data sets. These tools facilitate a hands-on approach to scientific inquiry,
allowing students to engage with real-world data and contribute to genuine research

endeavors from an early stage in their education (Hassoun et al., 2021).

Strategic Enhancements to Pedagogy

The pedagogical landscape is being reshaped by Al, necessitating a strategic reevaluation of
teaching methodologies to fully leverage the capabilities of Al technologies. Personalized
Learning Pathways, supported by Al, exemplify a shift towards more customized educational
content and assessments, enhancing learner engagement and enabling mastery of complex
subjects (Owan et al., 2023).
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The role of educators in Collaborative Curriculum Design, in conjunction with Al tools, is
crucial for developing content that is both scientifically rigorous and pedagogically
optimized. This collaboration ensures that Al supplements rather than supplants traditional
teaching methods, enriching the learning experience without diminishing the educator’s role
(Bonnen, Yamins, & Wagner, 2021; Gonzélez-Calatayud et al., 2021).

Interactive and Immersive Learning experiences, facilitated by VR and AR, offer
unprecedented opportunities for students to explore biological systems in a highly engaging
and intuitive manner. Such technologies not only enhance the learning experience but also
prepare students for future scientific challenges by providing a deep understanding of
complex biological phenomena (Zhai et al., 2021; Hornberger, Bewersdorff, & Nerdel,
2023).

Navigating Ethical Considerations

The deployment of Al in educational settings introduces several ethical considerations that
must be carefully navigated to ensure the responsible use of these technologies. Concerns
regarding Data Privacy and the security of student data underscore the need for stringent

ethical guidelines and data protection measures to prevent misuse (Reiss, 2021).

Algorithmic Bias presents a significant challenge, highlighting the importance of ongoing
efforts to refine Al tools to ensure they are equitable and inclusive. Addressing these biases is
paramount to preventing the perpetuation of existing educational disparities and ensuring that

Al serves as a tool for empowerment (Remian, 2019).

Accessibility and Equity in Al-enhanced education are crucial considerations, emphasizing
the need to ensure that all students, regardless of socio-economic background, have equal
access to these resources. This requires not only technological infrastructure but also the
development of universally accessible and culturally relevant content (Zhai et al., 2021).

Conclusions

The integration of Al into biology education offers exciting opportunities for enhancing
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pedagogical strategies and student learning outcomes. However, maximizing the potential
benefits of Al while addressing its ethical implications requires a concerted effort from
educators, policymakers, and technologists. As we continue to explore the vast possibilities
presented by Al, it is imperative that we do so with a commitment to equity, inclusivity, and
the highest standards of educational excellence.

The analysis underscores the transformative potential of Al in biology education, illustrated
by the diversity of applications from intelligent tutoring systems to virtual laboratories. These
technologies not only tailor the learning experience to individual needs but also open new
avenues for engaging with complex biological concepts through immersive simulations. The
pedagogical strategies identified highlight a shift towards more personalized, interactive, and
collaborative learning environments, facilitated by Al. However, the integration of these
technologies is not without challenges. Ethical considerations, particularly regarding data
privacy, algorithmic bias, and accessibility, are pivotal concerns that necessitate vigilant
attention and the development of comprehensive guidelines to ensure ethical Al use in

educational settings.

In conclusion, while Al presents numerous opportunities to enhance biology education, its
successful integration requires a balanced approach that considers pedagogical efficacy and
ethical implications. Future research should aim to address the identified gaps, particularly in
empirically evaluating the long-term impact of Al applications on learning outcomes and

developing strategies to mitigate ethical risks.

Recommendations
Establish Ethical Guidelines

Develop clear ethical standards to guide the use of Al in biology education, focusing on data

privacy, algorithmic fairness, and equitable access.

Ensure Inclusivity

Prioritize equal access to Al tools for all students, addressing potential disparities and

providing necessary resources to support diverse learning needs.
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Provide Educator Training

Offer comprehensive training for educators on integrating Al effectively into their teaching,

with an emphasis on enhancing student engagement and learning outcomes.

Encourage Collaboration

Foster interdisciplinary collaboration among educators, technologists, and ethicists to design
Al tools that are both pedagogically effective and ethically sound.

Evaluate Long-Term Impact

Conduct research on the long-term effects of Al in biology education to identify best

practices and assess the sustained impact on student learning.

Mitigate Ethical Risks

Implement strategies to address ethical concerns, such as bias and data security, ensuring Al

use aligns with educational values and principles.

Adopt a Balanced Approach

Integrate Al thoughtfully, balancing its potential benefits with careful consideration of ethical

and pedagogical implications to enhance biology education effectively.
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Chapter Highlights

» Due to particular mental processes or due their development, in the initial stage of
university, some students experience the feeling of hard work, difficult adaptation or
even inadaptability.

» The barrier that rises before them becomes almost impossible to remove.

» The most easily available solution, which comes instantly and is immediately accepted,
is school dropout.

» Although regrets for this hasty solution and without a prior analysis of competences do
not linger, the characteristic emotional balance determines them to take this
inappropriate decision.

» The intervention of qualified factors, like teacher/psychologist/counselor or
experimented students, is necessary, indicated and, sometimes, lifesaving.

» The first-year students, helped psychologically, morally and scientifically, will
understand and escalate the demands of this stage, the end being a satisfactory one: they
will be able to practically adapt to student life.

» Supporting the transition period from pre-university to university is an important factor
in reducing school dropout.

» This paper proposes a mentoring program dedicated to 1st year students, with the aim

of familiarizing them with the higher education system.
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First-Year Guide: A Proposal for a Mentorship Program for Students

Introduction

The The transition from high school to university marks a significant and often challenging
phase in a student's life. For many of them, entering a technical university environment is
accompanied by elevated academic expectations, new social dynamics, and increased
personal responsibility (Mwale et al., 2024). These demands, coupled with specific mental
processes or personal development stages, can create a sense of disorientation and difficulty
in adjusting to university life. In extreme cases, this transition poses a psychological barrier
that feels insurmountable, pushing some students to prematurely consider dropout as the
easiest and most immediate solution. Dropout is a major challenge for many universities
around the world, especially for technical faculties, where students often face rigorous
academic requirements and a high level of difficulty of study programs. The factors that
contribute to this problem are multiple, including academic as well as personal and contextual
aspects (Law et al., 2020). In the USA it is a 30% dropouts rate after or within the first year
for their student stage (Craft, 2024). In the European Union (EU), according to the statistics
created by Eurostat, "in 2023, the rate of young people between the ages of 18 and 24 who
leave the education and professional training system prematurely in the European Union is
9.5%". Unfortunately, Romania is at the top of the ranking, with an alarming rate of 16.6%

(Eurostat, 2024). This information are presented in Figure 1 (Eurostat, 2024).
Early leavers from education and training, 2023

(% of population aged 18-24)

10 ELHEIE
THRGET 2030
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Croatia and Slovenia: break in time series; Croatia and Luxembourg: low reliability. Va
eurostat@

Figure 1. EU dropouts school rate (Eurostat, 2024)
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In the last ten years, i.e. from 2013 to 2023, the EU average decreased from 11.8% in 2013 to
9.5% in 2023. However, Romania, had an insignificant evolution in reducing the school
dropout rate, remaining at an extremely high level, with 16.6% in 2023, as it can be seen in
Figure 2 (Eurostat, 2024). The evolution of Romania from 2013 to 2023 is presented in
Figure 3. Data were also taken from Eurostat statistics (Eurostat, 2024), and the graph was
made in Matlab. The situation is quite worrying, because all the efforts made until 2021,
when the lowest dropout level was measured in our country, were in vain when, after the
COVID-19 pandemic, online education returned to the face to face This was the point where
the rate started to increase, probably on a psychologically destabilized background. One of
the main reasons for dropping out is the high difficulty of the subjects taught in the technical
programs, which require advanced analytical and mathematical skills, as well as an
autonomous and disciplined learning ability. Students who have graduated from high school
may find it difficult to adapt to an intensive academic program based on research and
practical applicability (Lapon & Buddington, 2024). In the absence of effective study
strategies and solid foundational knowledge, many of them feel the academic pressure very
high and end up considering dropping out as the only viable option. This problem is
compounded by the lack of psychological support and academic counseling, which are
essential for managing the stress and challenges encountered in the early years of study
(Lane, 2020).

Early leavers from education and training, 2013 and 2023
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18 School dropout rate in Romania, 2013-2023
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Figure 3. 2013-2023 Dropouts school rates in Romania

Another major factor contributing to the high dropout rate in higher education system is the
lack of a sense of belonging and integration in the university community (Duran et al., 2020).
Technical students tend to spend a lot of time in individual study activities, which can lead to
social isolation and difficulties in building a support network. Studies show that those
students who feel integrated into an academic community and have access to support from
peers, teachers or mentors are less likely to drop out. Without this support, students may
experience a decrease in motivation, academic satisfaction and also isolation (Chin &
Kameoka, 2019).

Also, the transition from high school to university has another critical points for students
from technical faculties: the organization of the university study forms, the evaluation forms
and also the timetables. In high school, they are used to a structured schedule and constant
monitoring by teachers, while at university they are required to be much more independent
and responsible for their own education. This change can be overwhelming for many of them,
especially if they have not been prepared to deal with this new academic reality (Lane, 2020).
Lack of support and guidance during this transition period often leads to academic stress,

lower performance, and ultimately the decision to drop out.
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These challenges of transition are all the more significant for students at technical
universities, where the academic demands, the rhythm of work and the complexity of the
subjects studied can seem overwhelming to a first-year student. Many of them end up feeling
that they cannot adapt, and the solution of dropping out of school becomes attractive,
especially in the absence of support resources. The process of university integration is not
only a change in the way of learning, but also a profound adaptation to a new lifestyle, new
relationships and greater personal autonomy. Without a well-structured support system, this
change can be perceived as an insurmountable obstacle, negatively affecting both students'
mental health and academic performance.

Studies show that a well-organized mentoring program can significantly facilitate students'
adaptation to the university environment. Mentors, whether teachers, counselors, or
experienced peers, can provide personalized support that meets each student's unique needs.
Through regular interactions and open dialogue, mentors can help students better understand
academic demands, manage their emotions, and build a sense of belonging and safety in the
university environment (Capstick et al., 2019; Cutillas et al., 2023; Tinoco-Giraldo et al.,
2020). The mentoring program proposed in this paper aims not only to reduce the dropout
rate, but also to create a more satisfying university experience and form a solid foundation for
the academic and personal development of first-year students. They can benefit from the
experienced mentors support, including teachers and students from advanced years of study.
The program purpose is to help newly admitted students familiarize themselves with the
higher education system, facilitate their transition from pre-university and adaptation to the
learning/organization/assessment style, etc., basically settling into student life. Supporting the
transition period from pre-university to university is an important factor in reducing school
dropout. In addition, the academic performances were improved and also the participation on

extracurricular activities.

Mentoring activity

What is mentoring?

A simple definition for mentorship is given in (UDOM et al., 2020) as an activity and
interaction based on the acceptance of a relationship. It is primarily an activity to introduce

the subject, in our case the student, to the knowledge of the science in which he is deficient
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and to his self-identity. Second, it is an interaction between a competent person, called a
mentor, and the student with learning support needs, called a mentee. The mentor comes to
the mentored student with the intention of carrying out the helping activity through which the
mentee can develop only if he accepts the proposed mentoring relationship. Both mentor and
mentee need to gain the trust of the other, which is the type of relationship this process can

work on.

The first-year students faced with challenges like:

. adapting to university timetables and requirements: many students find it difficult to
adapt to a much more autonomous educational system with higher academic requirements
than in high school. The university imposes a different approach, where students must
manage their own time for individual study, learn research methods, and actively participate
in seminars and labs.

. time management and exam pressure: the transition from an organized high school
schedule to a more flexible but busy one can create confusion and stress. Students must strike
a balance between study, projects, and extracurricular activities, all of which influence their
academic and emotional performance.

. social integration: many students face difficulties in making new friends, especially if
they move to new cities and leave their high school friend group behind. This social isolation
can lead to anxiety and even the intention to drop out.

. mental health and emotional stress: academic stress and social isolation often
contribute to mental health problems such as anxiety and depression, which can affect

academic performance and motivation to continue studying.

These challenges underline the need for a well-structured mentorship program that supports
students in adapting to university life and contributes to their academic success. Practically, it
is a process of guidance provided by experienced people such teachers, psychologists and
other students with some experience (from the greater years of study).

Types of mentoring

Mentoring is a complex activity, taking place in several directions:
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« along the lines of counseling the student, to help him set clear and achievable personal
development goals and fight for their fulfillment;

» psychologically, in order to give the student the determination to overcome the limits he
has and considers that he cannot in any way cross them, based on the crisis resolution
models he is in, to find his own way of development;

« on didactic line, for the clarification of misunderstood notions, which are not intuited by
the scientific substratum on which they are built or contain knowledge that was not
thoroughly acquired at the time;

» pedagogically, for educating and training the student.

Considering the above-mentioned aspects, we can make a classification of the mentorship
programs in educational field (Mullen & Klimaitis, 2021):

a) Academic mentoring - aimed at improving students' educational performance and their
integration into the university academic environment. This type of mentoring includes
learning support, developing effective study techniques, time management, and referrals to
additional educational resources. Academic mentors help students to understand course
requirements, familiarize themselves with assessment styles, and set academic goals. This
type of mentoring is essential for first-year students who need to adapt to a more autonomous

learning style and increased workload specific to higher education.

b) Social Mentoring: supports students in the process of integration into the university
community and provides them with emotional support. In this type of mentoring, the focus is
on creating a support network and developing interpersonal relationships. Social mentors help
students navigate the social aspects of university life, form friendships and get involved in
extracurricular activities, which contribute to a sense of belonging and reduce feelings of
isolation. In addition, mentors provide a safe space where students can discuss the social and

cultural challenges they encounter, thus contributing to an easier adjustment.

c) Psychological mentoring: although it sometimes intersects with social mentoring, is
focused on counseling and managing the stress and anxiety that may arise during studies.
Mentors with training in counseling psychology can provide guidance for students to cope

with academic pressure and develop strategies to maintain emotional balance. In cases where
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mentors notice significant problems, they can refer students to specialized professionals such
as university counselors or psychologists. Psychological mentoring is essential for preventing
burnout and improving the mental well-being of students, especially in the first years of

college.

d) Professional Mentoring: oriented towards career development and preparation for the
professional future. This type of mentoring helps students to explore their professional
interests, define their career goals and acquire skills needed for the job market. Professional
mentors can provide information about field requirements, internship or volunteer
opportunities, and how to build a resume or prepare for interviews. Mentors can also provide
students with access to professional networks and networking events, thus creating a bridge

between academic life and future careers.

Method
Description of the proposed mentorship program
Obijectives

The main objective of the proposed mentorship program was to support the first-year students
in their transition from preuniversity to higher education system and to reduce the school
dropout rate. From it, we cand derive some secondary objectives, such us: developing time
management skill, creating a sense of belonging, improving academic performances,
providing emotional support and advising on stress management. All these aspects which

outlines the mentoring program can be summarized in Figure 4.

Coaching

Integration

Mentoring

Figure 4. Mentoring objectives
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Structure

The mentorship program structure can include one-to-one sessions, group meetings and joint
activities, each with a specific role in supporting first-year students with different needs
(Hobson & Taylor, 2020).

1. one-to-one sessions are essential to provide personalized support to each student. These
meetings allow the mentors to build a relationship of trust and better understand the
individual needs, goals and difficulties of each participant. In these sessions, students can
discuss the specific challenges encountered in the adaptation process, be they academic,
social or personal. Mentors can also provide guidance and resources adapted to each student,
such as study method recommendations, time management techniques, or stress reduction
strategies. The frequency of these meetings may be weekly at the beginning of the academic
year and may gradually decrease as students become more confident and independent.

2. group meetings: are important for students to learn and interact together. These meetings
can be themed and address topics of general interest, such as stress management, study skills
development, social integration and career guidance. Group meetings are an opportunity for
students to share their experiences, learn from each other and see that they are not the only
ones experiencing difficulties. In addition, the group can function as a support system where
students can encourage each other and form social bonds. Group meetings can be held
monthly or bi-monthly and may be facilitated by mentors or an educational advisor who can

facilitate discussions and provide useful information.

3. joint/general activities: create a community and help students integrate more easily into the
university environment. These activities may include workshops, training sessions, social
outings, trips or volunteer activities. Co-curricular activities help develop informal
relationships and help students connect with peers and mentors in a relaxed, non-academic
environment. Examples of common activities are: thematic workshops (e.g.: development of
presentation skills, teamwork, preparation for exams), social activities (eg: dinners, picnics,
team game sessions), networking events (eg: meetings with graduates or industry
professionals), volunteer activities — which give students the opportunity to contribute to the

community and develop interpersonal skills. This type of program is proposed in this paper.
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4. online groups: a modern mentoring program may also include an online component to
facilitate access to resources and communication between sessions. Social media discussion
groups, chats or forums can provide an ongoing support platform where students can ask
questions, share experiences and get quick answers. Mentors can use these platforms to share

educational resources, learning materials or announcements about upcoming joint activities.

In this paper, we proposed a program based on regular meetings. The common sessions are
programed in 7 weeks from 14, plus 2 weeks outside this interval: the first meeting in the
preliminary week of the semester and one after the exam session. The calendar of activities is
presented in the Implementation section.

Activities

Some of activities proposed within the mentorship program are presented in the following

paragraphs and can be divided into 4 categories:

a) For intellectual development:

» knowledge tests, thinking tests, judgment tests, reasoning tests, memory tests - to list
vulnerabilities and, above all, to identify the level of these intellectual processes, at the start
of the mentoring action and at the end of the mentoring;

« activities to influence and develop these intellectual processes: exercises, problems,
creations, drawings, analyses, syntheses, comparisons, discussions, brainstorming, etc.;

« tutoring activities, remedial courses...

« the presentation of model success stories.

b) For professional development:

« tests to identify the skills needed for the profession for which this study program began, in
order to validate the option for this faculty profile;

« presentation of the steps to follow to acquire the skills required by the practice the
profession he opted for;

O illustrating the beauty of the respective profession, as well as its importance for the
national economy;

O exercises to obtain the skills necessary to practice the respective profession.
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¢) To facilitate integration into university education:

» dialogue with deserving fellow students from the same year and from other years, especially
with those in the final year;

« information on the performances obtained by persistent colleagues, focusing on their need
to study and absorb the knowledge taught;

* participation in the dialogue organized with these model students;

* engaging in joint actions to borrow from cognitive, moral, volitional and work experience;

» accountability activities within the fulfillment of joint projects with all group or year

colleagues.

d) For psychological support:

* activities simulating barriers, limits, difficulties and creating the psychological training
framework to overcome them by identifying the solutions and the potential available to the
mentoring student;

» initiating discussions about school and life stories in which there is a lack of will, of the
belief that the person can do anything if they want, of the belief that you hit it hard if you
easily deal with giving up, etc.;

» the valorization of school and life stories that offer models of valorization of will,
conviction, moving forward, consonant with the objective of preventing the school dropout of
the student in question;

« identifying psychological problems and finding solutions to solve them. In this case, there

can be group therapy or individual sessions.

Target group

The target group of the mentoring program is mainly composed of first-year students who are
at the beginning of their university career and who need support to adapt to the demands and

particularities of the academic environment.

Characteristics of the target group:
a) Age and Educational Experience: Most first-year students are aged between 18 and 20

and generally come from the pre-university system. They are at the beginning of
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university life and have little experience in managing an autonomous, complex and

diversified educational program typical of technical faculties.

b) The challenges of academic adaptation: Students at technical universities usually face
specific challenges due to the high demands of their study programs. The curriculum is often
busy, with many complex subjects that require a fast pace of learning and the ability to adapt
to new teaching and assessment methods. These students frequently experience difficulty
managing time, developing effective study methods, and preparing for more rigorous
academic assessments than high school.

c) The challenges of social adaptation: For many students, the transition to college means
moving to a new city and separating from family and close friends. Adapting to a new social
network, forming relationships with colleagues, and navigating a new cultural environment
can be overwhelming. First-year students may feel anxious or insecure, especially if they are
unable to quickly form a circle of support within the university. This aspect of adjustment is

critical to their emotional well-being and their academic success.

d) The need for psychological support. At the beginning of university life, many students
experience stress and anxiety. Academic pressures, combining personal and study
responsibilities and significant changes in their personal lives can lead to high levels of stress.
Some students may also experience self-confidence issues, feelings of not being prepared
enough for college, or even a fear of failure. This emotional vulnerability makes

psychological support important during the first months of study.

e) Professional Interests and Goals. Most first-year students are still in the phase of exploring
professional interests and do not have a clear picture of their future career. They need
guidance to understand the opportunities offered by technical college, to identify areas in
which they would fit, and to set career goals. Mentors can play a critical role in clarifying

career options and guiding students in shaping a career path.

f) Cultural and Educational Diversity. The target group may include students from diverse
social, cultural and economic backgrounds, with different levels of preparation and

expectations related to higher education. This diversity can be a source of enrichment, but
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also a factor of difficulty, especially for students who feel isolated or overwhelmed by
cultural differences.

Mentors

Student mentors and faculty tutors are responsible for guidance and support activities. Tutors
are teaching staff and mentors are students from older years selected by interview, giving
their younger peers a practical perspective. In addition, there are other persons, like coaches
or psychologists, who are involved in this program. They are named mentors. To be effective,
a mentor must have certain qualities that help him provide adequate support and inspire

students:

» Empathy: The ability to understand and feel students' concerns and difficulties is essential.
An empathetic mentor can create a safe and open environment for discussion and problem

solving.

« Communication skills: Clear and open communication is vital to building a trusting
relationship. The mentor must be able to explain difficult concepts and answer questions

patiently.

« Availability and accountability: The mentor must be accessible and dedicated to their role,
giving students time and support when they need it. An engaged mentor takes responsibility

for responding promptly and maintaining regular contact.

« Academic knowledge and relevant experience: Understanding the academic system and
common difficulties faced by students enables the mentor to provide practical advice and

relevant information.
« Active listening skills: A good mentor listens without interrupting and encourages their
students to freely express their thoughts and concerns. This allows them to feel heard and

understood.

« Patience and calm: A patient mentor can guide students step by step without pressure,
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especially when they encounter obstacles or feel discouraged.

» Motivational and positive attitude: The mentor should be a source of inspiration and

encouragement, giving students confidence in their own abilities and a positive example to

follow.

Implementation. Calendar of activities

In this section we present the calendar of the proposed common activities for first semester of

the first year of study. This has 14 weeks, and the proposed mentorship program 7,

implemented as follows:

weeko O

week1 QO

week 2 O

week3 O

Week 6 C)

week9 O

Mentorship program
Calendar of common activities

Ice-breaking. Let's get to know each other!

* Presentation of the campus

» Familiarization with the higher education timetable

» Familiarization with the methods of organization/teaching (course, seminar,
laboratory, project)

Transition from pre-university to university education system

= Presentation of the university education system;

» familiarization with the evaluation methods (colloquium, verification, exam);
» transferable credits;

= platforms used within the university (resources/support for the
course/laboratory/seminar/project)

Planning and organizing

= Time management;

= Allocating the time resource for individual study (library, working on
projects, etc.)

= What we do in our free time.

Learning techniques
= Meeting with a teaching specialist to discuss learning methods and
techniques, learning styles and the importance of independent learning.

Extracurricular activities and scientific events. Team work

+ Development/realization of team projects;

= Encouraging exploration;

= Development of communication skills.

= Information on scientific events in the faculty/University/country: student
competitions, student communication sessions, conferences.

Discussions on topics chosen by the students.
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Week 12 O Presession. Holidays. Party?

« How do we prepare for verifications/colloguiums?
= Do we study during Christmas holidays?

= Christmas party

Holidays

Week 14 Before exams

= Some tips before the session: learning methods;
+ concentration and motivation;

« organization of time during this period;

= Stress management.

Session

Vacation

Week "15" After exams
= Discussions regarding exam results;
* Feedback about the mentoring program;
= Plans for semester 2

Figure 5. Calendar of activities

Results

Evaluating the success of the mentoring program can be achieved by tracking key indicators

that reflect both academic impact and participant satisfaction. We followed 3 of them:

* Reduction of the university dropout rate: one of the clearest signs of the program's
effectiveness is the decrease in the dropout rate among first-year students. A decrease in

dropout rate was observed.

 Academic performance improvement: academic performance can be another indicator of
success, measured by semester averages and credits accumulated by participants. Students
have higher grades and pass more exams. An increase in performance may indicate that
mentoring helps students adopt more efficient learning methods and organize their time
better.

« Participation in extracurricular activities: the number of participants in extracurricular

activities (conferences, scientific sessions, competitions) increased. Students developed the
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teamwork skills; they made more extracurricular projects and they participated at more
students contents.

» The number of social connections: many of the first-year students created new friends
among their current colleagues, new connections with university students, even from the
higher years of studies. In this way, they can experiment the feeling of belonging and the fact

that they have integrated into this system.

Conclusion

The implementation of a mentoring programs can play a decisive role in facilitating the
transition to university life by providing students with the necessary resources to understand
and solve the academic demands. Well-structured mentoring, focused on both academic
support and social integration, can help increase student satisfaction and reduce dropout rates.
Thus, mentoring programs not only support students’ academic progress, but also their
personal development, helping them gain the confidence and resilience needed to

successfully complete studies in competitive and demanding technical fields.

The main objective of the proposed program was to support the transition from pre-university
to university and reduce school dropout. Besides these, the development of time management
skills, the creation of a sense of belonging, the improvement of academic performance, the
provision of emotional support and counseling in stress management were also secondary
objectives. In addition, the number of extracurricular activities participation increased. The
students developed the teamwork skills, they made new friends and they are more relaxed.

use numbered headings.
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Chapter Highlights

> Engineering education’s objective is to prepare future graduates and tomorrow's

technical workforce.

Y

They are to control and maintain the crucial resources that are critical for the

advancement of technology.

Y

This rapid advancement is not only reshaping industries at a faster pace but also

revolutionizing the development of engineering competencies.

Y

These competencies are to be developed at different levels of engineering education in

higher educational institutions and their engineering career.

Y

Emerging technologies such as Artificial Intelligence (Al), the Internet of Things
(1oT), Quantum Computing, and Virtual Reality (VR) are supporting new approaches

to learning and skill-building among engineers.

Y

These technologies provide hands-on, immersive, and data-driven training
experiences that enhance technical knowledge, interdisciplinary collaboration, ethical

considerations, and continuous learning.

Y

The paper examines how these advanced technologies may contribute to core
engineering skills development.

» Skills such as problem-solving, system integration, and real-time data analysis may be
essential to face the complex challenges of this evolving high-tech, and

interconnected world.
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Futuristic Digital Technologies and Engineering Competencies

Introduction

The In a digital age marked by rapid technological advancement, the engineering profession
is faced with a new set of demands and challenges. This rapid technological progress is
attributed to the pain suffered by humanity due to the recent pandemic. The challenges of the
pandemic brought an opportunity that necessitated humans to react and pave their way
through investment in technology. Now this progression requires enhanced competencies,
and an adaptable skill set among engineers of the 21st century. In today’s contemporary
world, engineers must be proficient in technical knowledge and well-equipped to work with
cutting-edge technologies shaping the modern industry. Technologies like Artificial
Intelligence (Al), Virtual Reality (VR), Digital Twins, the Internet of Things (loT), and
Blockchain are no longer confined to research only. Still, they are fast becoming integral in

engineering practice.

Several studies underline the transformative impact that digital technologies have had on
engineering education and professional practice, as these advancements require reshaping
traditional learning and competency-building processes. One prominent area of influence is
Artificial Intelligence (Al), which has introduced personalized learning pathways for
engineering students. Research by Baleja, Deng, Bayly and Tapalova, highlights that Al-
powered tools can analyze student performance data in real-time, pinpointing areas where
students may face challenges and need further support (Baleja, 2024; Deng at al., 2024;
Topalova & Zhiyenbayeva, 2022; Bayly-Castaneda et al., 2024) . This tailored feedback
mechanism helps students focus on specific weaknesses, allowing for a better grasp of
complex subjects and endorsing continuous improvement in both technical and analytical
skills. Such customized learning experiences encourage a proactive approach to skill
acquisition and equipping engineers with highly relevant competencies mandatory for their
specializations and careers. Al is assisting educators and enhancing the quality of education
through the use of supportive personalized learning, improving assessment accuracy, and

facilitating continuous improvement in curriculum quality.

The use of virtual reality (VR) and augmented reality (AR) technologies has also been widely
researched for their capability to create immersive learning environments. According to

Ardiny, Magomadov, Yuen and Boyles, VR and AR tools enable students to engage with
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intricate systems and models much beyond the conventional methods (Yuen et al, 2011,
Magomadov, 2020; Ardiny & Khanmirza, 2018; Boyles, 2017). Execution of risk-free
experimentation within simulated environments is mostly convenient for practicing high-
stakes procedures, troubleshooting equipment, or working with complex machinery. This
convenience has facilitated the simulation of expensive experimentation and hands-on
experience in technical fields. The visualization capabilities provided by VR and AR offer a
natural grasp of three-dimensional and structural relationships, enhancing students' design
thinking and spatial intelligence. This Immersive learning has become handy in facilitating
experiential knowledge and preparing engineers to confidently and proficiently handle real-

world challenges.

Next on the list of transformative technologies is the Internet of Things (IoT) which is
reforming engineering practice by enabling real-time monitoring, data collection, and control
in various applications. Several applications found that 10T devices allow engineers to
monitor and control complex environments in real time, making this technology especially
valuable for fields like construction, manufacturing, and maintenance (Raikar et al., 2018;
Mishra et al.,, 2022; Fernandez & Pallis, 2014). The loT systems facilitate remote
management of equipment and processes, providing continuous insights into operational
performance and identifying potential issues before they worsen. This technology not only
augments the ability of engineers to manage data-driven systems but also induces an
understanding of embedded systems, network integration, and control protocols which are the

key competencies in modern engineering.

A common narrative in published literature is the role of digital technologies in encouraging a
multidisciplinary approach to engineering education. As noted by Gatto et. al., (2015), and
Van Den et. al., (2020) these tools encourage the integration of knowledge from data ethics,
science, and systems engineering, proposing to engineers a wider and more versatile skill set
(Gatto et. al., 2015; Van Den et. al., 2020). This multidisciplinary approach is increasingly
essential, as engineers are required to work across varied fields, work together with
professionals from different fields, and consider social, ethical, and environmental factors in
their designs. Digital technologies thus not only improve technical skills but also advance
ethical reasoning, critical thinking, and adaptability which are the abilities that are vital in the

rapidly evolving engineering landscape.
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These publications highlight that digital technologies are not mere tools but key systems for
skill development and professional readiness. Integration of technologies such as Al, VR,
AR, 10T, and multidisciplinary frameworks, etc., digital advancements are preparing
engineers for future challenges and opportunities in an interconnected, technology-driven
world. The growth of these technologies calls for an adaptable, lifelong learning approach,
which is increasingly viewed as critical for engineers who aim to remain relevant and excel in
their specializations. The paper examines how these sophisticated technologies have
impacted the core engineering competencies model and necessitated the development of
essential proficiencies for facing the challenges of the digital future.

Futuristic Digital Technologies

Artificial Intelligence and Machine Learning

These technologies transform engineering education by providing instruments for
personalized learning, data analysis, and real-world simulation. Several applications of Al
and ML are proving instrumental in the educational and professional landscape of
engineering, as they not only facilitate skill acquisition but also encourage a mindset of
precision, adaptability, and data-centric thinking. Al and ML are supporting personalized
learning, Improving assessment accuracy, and Facilitating continuous improvement in
curriculum quality. Together, these instruments contribute to producing engineers who are
analytically skilled, technically proficient, and well-prepared for the asks of a technology-

driven future.

Automated Learning Systems

Al-driven programs are reshaping how education pursues its objectives of teaching different
subjects to students at different levels. Several platforms assisted by Al and ML monitor
learners’ performance and adapt content delivery to their strengths and weaknesses. For
instance, if a student struggles with a specific concept in a subject, the system may
recommend additional resources, exercises, or tutorials on that topic. By focusing on areas
needing improvement, automated learning pathways enable students to progress more

effectively and efficiently. This approach helps students grasp complex subjects faster and
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with a more profound understanding. Some typical platforms playing a significant role in the

student learning process are as follows:

(a)Dreambox Learning: It focuses on mathematics learning for students through real-time
adaptation to student responses. Customized instruction and immediate feedback become
available to students and teachers have their dashboards for monitoring progress.

(b)Knewton Alta: It is an accessible and affordable adaptive courseware that provides
students with support in higher education courses. It tailors content based on student
weaknesses and learning speed and integrates course material to reinforce personalized study

paths.

(c)Smart Sparrow: An Al-powered platform that creates adaptive, interactive lessons that are
adjusted based on students’ responses. Fantastic to ensure that all students understand core

concepts and maintain high teaching quality.

(d)CogBooks: Learners benefit from the potential of personalized learning, so CogBooks
provides personalized study paths based on performance and engagement that considerably
improve course outcomes through support whether courses are taught in a classroom or

online environment.

(e)Carnegie Learning MATHia: An Al-driven TutorBot for supporting high school
mathematics, which provides detailed feedback and suggestions for teachers. It is believed to
produce a diverse range of thinkers, a dynamic approach to assisting students in building

math skills, confidence, and excitement.

(HMcGraw Hill ALEKS (Assessment and Learning in Knowledge Spaces): An impactful
platform that reports from an embedded assessment for educators. It uses knowledge space
theory that assesses and adapts to a learner’s knowledge state. It provides a clear roadmap of

topics that need more concentration from learners.

(9)Replika: Al chatbot designed to engage students in discussions, assisting in improving

their language and conversational skills, specifically in self-paced learning. The platform is
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trained by asking the user to answer a series of questions for the creation of a specific neural

network.

(h)Edmentum Exact Path: The platform focuses on personalized learning for high school
learners. It combines assessment with instructional content and provides personalized

learning paths for students.

(i)Cognii: The platform is a leading provider of Artificial Intelligence based educational
technologies. It supports higher education, and corporate training markets to assist deliver
21st-century online education with superior learning outcomes and cost efficiency. The
product assists students through personalized intelligent tutoring, deeper learning, open
response assessments, and pedagogically rich analytics.

Data Analysis Skills

Al applications are also influential in building data analysis expertise among engineers.
Engineers working with predictive maintenance systems in industries like automotive or
aerospace must analyze widespread datasets for equipment health monitoring. Al tools such
as IBM’s Watson Analytics activate business-ready data for Al and analytics with Intelligent
Cataloging. Microsoft’s Azure ML develops and implements an effective cloud strategy. that
optimize costs and achieve goals. It is a platform for engineers that identify patterns, analyze
huge datasets, and generate items for further actions. This hands-on experience with data
advances analytical skills and equips engineers with the skills to optimize processes,
understand complex data, and assist data-driven decision-making skills that are vital for

modern engineering roles.

Al-Driven Simulation and Modeling

Engineers rely on Al for simulations that mimic real-world environments, providing a safe
and immersive platform to refine designs, test theories, and troubleshoot without real-life
risks. Al-powered simulation software “SimScale” a computer-aided engineering (CAE)
product based on cloud computing enables engineers to model stress tests on buildings,

bridges, or other structures to evaluate their strength under different conditions. Similarly,
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Al-driven simulation tools to model engine performance, flight paths, and potential system
failures, improve problem-solving and decision-making skills in high-stakes environments.
These simulations grant engineers the ability to generate quick designs and discover various
scenarios, deepening their understanding and developing their competencies for real-world
applications.

Virtual Reality (VR) and Augmented Reality (AR)

These technologies are revolutionizing engineering training and skill development by
offering immersive, interactive experiences that simulate real-world environments.
Applications of VR and AR are becoming essential components of engineering education and
practice. Through the creation of immersive, hands-on experiences, these technologies not
only benefit engineers develop technical skills but also augment their understanding of three-

dimensional visualization, safety protocols, and innovative problem-solving.

These applications bridge the gap between theoretical knowledge and practical proficiency.
These technologies create new learning opportunities in fields where hands-on practice and
visualization are essential. They assist in preparing engineers to handle complex, high-risk

challenges in real life.

Immersive Training Environments

These environments create realistic training settings, allowing engineers to practice
troubleshooting procedures, complex machinery operations, and design systems in a
controlled, immersive environment. In the automotive industry, companies use VR to train
engineers on complex maintenance procedures and assembly line tasks. Engineers can
practice these processes in a simulated environment, refining their skills in handling
sophisticated machinery or learning the features of vehicle components without the need for

physical prototypes.

In aerospace, Boeing uses these applications to teach new employees and technicians before
they start working on production lines or aircraft. VVR-based training programs have been

implemented by different companies that allow engineers to learn aircraft assembly processes
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with a high level of precision. This immersive training prepares technical manpower to
handle actual machinery confidently, knowing they have already gained experience in a risk-

free environment.

Enhanced Visualization

AR technology overlays digital content onto the real world. It is instrumental in improving
three-dimensional understanding and design thinking. Engineers in construction or
architecture fields can use AR applications like Microsoft’s HoloLens or Trimble’s XR10
with Mixed Reality capabilities to view 3D models of buildings and infrastructure directly on
site. These models assist in visualizing complex designs in their real-world context, identify
potential three-dimensional or structural issues, and make mandatory adjustments.
Mechanical engineers use AR for digital blueprints that show the internal workings of
components, aiding in repair, assembly, and maintenance planning. This enhanced
visualization boosts the design process, as engineers make concurrent modifications and

better understand three-dimensional associations within their designs.

Risk-Free Experimentation

VR technology allows learners and the technical workforce to practice high-risk tasks, such
as repairs and maintenance in hazardous environments, without the linked physical dangers.
Industries such as oil and gas employ VR to simulate dangerous situations like equipment
malfunctions on offshore oil rigs. Engineers practice the correct procedures for addressing
these risks in a virtual setting, enabling them to build critical safety expertise. Similarly,
electrical engineers may use VR to simulate high-voltage environments, where they can
practice handling equipment safely and confidently without risk. Practicing in these virtual
environments raises confidence and augments problem-solving abilities, as engineers can

experiment with different approaches and responses to safety challenges.

Internet of Things (1oT)

The Internet of Things (IoT) and Cyber-Physical Systems transform engineering by offering

real-time data sources and developing hands-on experience with interconnected devices and
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systems. These technologies are important in fields that require complex data management
and integration of hardware with software, enabling engineers to develop critical skills for
modern industry demands. These applications illustrate how 10T and Cyber-Physical Systems
cultivate critical engineering skills. Through real-time monitoring, engineers learn to manage
data-driven environments effectively; by working with loT Kkits, they gain hands-on
experience in network and embedded systems; and through systems integration, they develop
the ability to combine hardware and software for unified functionality. As 10T technology
becomes more widespread, these skills will be indispensable, preparing engineers to lead

innovations in the connected world of the future.

Real-Time Monitoring and Data Collection

loT facilitates engineers to monitor environments and systems in real-time, which is
particularly beneficial in sectors like transportation, manufacturing, and environmental
monitoring. In the manufacturing industry, 10T sensors are being used on assembly lines to
monitor machine working, detect faults, and predict maintenance demands. Siemens, for
instance, has employed loT-enabled systems that track machinery status, production rates,
and component conditions on the workshop floors. Engineers working with these systems
gain experience in managing and interpreting real data flows, identifying bottlenecks, and
improving operational efficiency. Similarly, in the environmental sector, 10T sensors monitor
air and water quality in real time, providing data that engineers use to address pollution issues
and optimize sustainable practices. In short, the use of such sensors is becoming common in

every household to monitor important environmental parameters.

Hands-On with Smart Systems

Working with loT kits and devices gives engineers practical experience in programming,
smart systems setting up, and troubleshooting. Platforms like Arduino and Raspberry Pi
provide engineers with low-cost 10T Kits that facilitate learning about data acquisition,
network protocols, and embedded systems. Engineering students and professionals can use an
Arduino kit to build a smart home system that controls temperature, lighting, and security
devices via a central control. This hands-on experience reinforces their understanding of the

hardware and software features of smart systems. With this engagement with loT Kits,

158

~
—



Futuristic Digital Technologies and Engineering Competencies

engineers develop significant skills in connectivity protocols, sensor integration, and data
transmission, which are increasingly essential in a world of interconnected devices. Several
commercial solutions through smart devices can be integrated into the centralized hub to
control the parameters through smart sensors such as thermostats, locks, doorbells, security
cameras, speakers, displays, light bulbs, air-conditioners, home appliances, scales, beds,
mobs, and lawn mowers, etc. These devices are penetrating fast into the lives of the common

man therefore, awareness of engineers into such technologies is vital for their future careers.

Systems Integration Skills

IoT projects typically involve combining hardware and software components, which
facilitates engineers to develop strong system integration and operability competencies. In the
healthcare sector, 10T devices like wearable monitors gather health data (e.g., heart rate,
oxygen levels) and transmit it to hospital networks where medical professionals can monitor
patients remotely. Engineers working on such systems are to ensure that software (data
processing and communication protocols) and hardware (sensors and monitors) are fully
integrated and compatible for better performance. Automotive companies, such as Tesla,
Mercedes, BMW, etc., use loT systems within their vehicles, where a network of sensors
collects data on the environment, vehicle performance, and driver behavior. Engineers in
such projects are to ensure perfect communication between hardware sensors and software
applications, demonstrating how IoT experience strengthens integration competencies. These
autonomous vehicle projects in addition to energy efficiency also acquire benefits such as
enhanced safety, reduced traffic congestion, and increased accessibility. Acquisition of such
system integration skills will prepare the engineers to handle the challenges of futuristic

complex and advanced systems.

Blockchain Technology

Technology is increasingly recognized for its applications in finance with its potential to
enhance engineering competencies, particularly in the fields of decentralized system design,
data security, and smart contract development. Blockchain has become more integrated into
various industries, engineers are gaining vital skills in these areas, preparing them for

challenges in sectors like data management, cybersecurity, and legal technology. These
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blockchain-based competencies provide engineers with proficiencies that are increasingly
valued in today’s digital landscape. The combination of decentralized system design,
cryptography, and smart contracts prepares engineers to build resilient, secure, and innovative
solutions that address the demands of advanced industries. As this technology continues to
grow, these competencies will empower engineers to lead advancements in automation,
secure data management, and decentralized system modernization around various

specializations.

Data Security and Cryptography

Blockchain technology is built on cryptographic principles, providing engineers with
practical experience in data security. Industries such as healthcare and supply chain
management use blockchain to securely store sensitive information, for instance, patient
records or product tracking data, ensuring it remains confidential and secure. MedRec is an
example of a blockchain-based platform that securely handles patient records, allowing

engineers to work with encryption and access controls to protect patient privacy.

This hands-on experience in cryptography is essential for engineers developing secure
systems, as they must understand encryption methods, and data protection protocols to defend
against cyber threats. These experiences give engineers an understanding of cryptographic

techniques applications for secure transactions and data integrity.

Decentralized System Design

Blockchain’s decentralized architecture promotes a shift from centralized databases to
distributed systems, enhancing engineers’ ability to design fault-tolerant and robust systems.
In the energy sector, companies like Power Ledger's blockchain-based peer-to-peer energy
trading technology deployment laid the foundation for groundbreaking regulatory change. It
allows users to buy and sell renewable energy directly from one another without central

authority.

Engineers involved in these projects gain experience in designing and managing

decentralized systems, where data and control are distributed across multiple nodes rather
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than a single source. Learning of implementation of such decentralized architectures,
engineers develop thinking skills, which are beneficial in other sectors such as logistics and
telecommunications as well. In systems where distributed networks are becoming more
prevalent innovative approaches to data management and synchronization, are the required
skills as industries tend to move toward decentralized models.

Smart Contracts

Engineers working with blockchain gain experience with smart contracts where self-
executing agreements initiate actions based on predefined conditions. The best smart contract
platforms being used in the field are Ethereum, Hyperledger Fabric, MEM crypto, Steller,
and Waves. Platforms like Propy use smart contracts to automate transactions, enabling
buyers and sellers to transfer property titles instantly once the conditions of a sale are met.
Engineers involved in designing such systems must code the contracts in a way that ensures
accuracy and compliance with legal and regulatory requirements. Learning to work with
smart contracts involves technical and legal knowledge, as engineers must understand
programming languages like Solidity (used in Ethereum blockchain) along with legal
principles governing contractual agreements. This interdisciplinary approach arms engineers
with unique competencies in legal technology, as they learn to bridge the gap between
software engineering and regulatory frameworks, essential for industries implementing

blockchain for complex, high-stakes transactions.

Digital Twin Technology

It is a high-tech tool for engineers, enabling real-time problem-solving, predictive
maintenance, and sophisticated data analytics. Digital Twin Technology thus offers engineers
a dynamic platform to develop a range of relevant skills in today’s data-centric and
efficiency-driven world. The virtual models that replicate physical assets, and digital twins
allow engineers to experiment, analyze, and optimize without any impact on the actual
system. As industries like manufacturing, healthcare, and urban planning increasingly rely on
digital twins, engineers working with this technology develop valuable skills that support

efficiency, safety, and performance improvements. These abilities improve the immediate
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performance of physical assets but also prepare engineers to innovate solutions that enhance

operational efficiency, safety, and resilience across diverse fields.

Real-Time Problem Solving

Digital twins enable engineers to simulate and test solutions on virtual models of physical
assets before implementing them in real life. In the aerospace industry, companies like
Boeing use digital twins to model aircraft engines and test potential modifications under
various conditions. Engineers use these simulations to understand how changes, such as fuel
efficiency adjustments or component upgrades, impact performance. Analysis of the digital
twin’s response to simulated scenarios, optimal solutions to potential issues can be identified
without costly and time-consuming physical trials. This problem-solving experience develops
engineers’ confidence and decision-making abilities in conditions where precision and

accuracy are vital.

Predictive Maintenance Skills

Digital twins provide effective insights for predictive maintenance, allowing engineers to
predict potential issues before they strike. Companies like General Electric use digital twins
to monitor the wind turbine’s health and performance. Some other reputed companies using
such technologies are Microsoft, Siemens, IBM, Oracle, AVEVA, Bentley Systems, etc.
These digital replicas constantly collect and analyze data from sensors embedded in the
physical systems, such as vibration levels, temperature, and power output. Analyzing
pattering in the data, engineers can identify signs of wear or impending failure, enabling them
to schedule maintenance proactively and avoid surprising breakdowns. This predictive
approach facilitates optimal maintenance schedules, reduces operational downtime, and
extends the life span of assets. Working with digital twins in this way develops engineers’
competencies in predictive analytics augmenting their ability to implement preventive

strategies, essential for industries where equipment reliability is crucial.

Data Analytics and Al Integration

Evaluating the massive data generated by digital twins strengthens engineers’ competencies

162

~
—



Futuristic Digital Technologies and Engineering Competencies

in data analytics, specifically when Al is integrated to manage and interpret complex datasets.
Smart city development, and digital twins of urban infrastructures, like transport systems and
utilities, generate data that can be used for optimum resource allocation, reduce traffic
congestion, and improve public services. Engineers working with such digital models can
apply Al algorithms to forecast peak traffic times, simulate environmental impacts, or model
the impacts of new infrastructure. Integrating Al with digital twin data grants engineers
effective experience in handling large datasets, developing predictive models, and identifying
relationships that lead to awareness on required steps. Such analytics capabilities are vital as
industries gradually rely on data-driven approaches for improved system performance and

sustainability.

Robotics and autonomous systems

Robotics and autonomous systems are revolutionizing industries, and the skills acquired by
engineers in these areas are diverse and highly pertinent. Engineers engaged with robotics
and autonomous systems are skilled with critical capabilities for handling the complexities of
real-world applications. Proficiency in mechatronics and control systems ensures that
engineers can design and build robots that perform tasks with precision and reliability.
Automation demands expertise in multiple areas such as sensor integration, control systems,
Al, and real-time problem-solving, providing engineers with a blend of technical and
practical skills. Robotic systems are becoming more established in dynamic, real-world
environments, engineers are required to build, integrate, and adapt systems to handle complex
tasks efficiently and safely. Thus, solving problems in dynamic environments educates
engineers to think on their feet, making autonomous systems effective across several
industries. These competencies position engineers at the forefront of technological

innovation, ready to tackle future challenges in multiple sectors.

Mechatronics and Control Systems

Robotics depends broadly on a combination of mechanical design, electronics, and control
theory, establishing the foundation of what is known as mechatronics. In industries, robots
are widely used in assembly lines for performing precise and repetitive tasks. Engineers busy

with these robotic systems must understand control algorithms that command the robots'

163

~—
—



Studies on Social and Education Sciences 2024

movement and ensure high accuracy.

An example is the Fanuc robot arms, commonly used in manufacturing, which require
engineers to integrate control theory principles to manage joint angles and speed precisely.
Developing these systems requires engineers to master mechatronics fundamentals, building
skills in electrical circuit design, motor control, and feedback mechanisms that are essential

across various applications in robotics and automation.

Sensor Integration and Al

Autonomous systems integrate multiple sensors such as cameras, LIiDAR, and ultrasonic
sensors, enabling robots to observe and interact with the environment quickly. Several
industries like agriculture, and autonomous systems like John Deere's precision Ag
technology use machine vision to identify and target weeds with weedkiller while avoiding
crops. Engineers involved with such systems must be skilled at sensor integration, which
combines data from multiple sensors to form an overall understanding of the environment.
Additionally, engineers add Al algorithms for tasks like image recognition and decision-
making, allowing robots to interpret data from their sensors successfully. This expertise is
particularly relevant in applications requiring high precision and situational awareness, such
as autonomous vehicles or industrial inspection robots, developing interdisciplinary

competencies in high-tech hardware and advanced software.

Problem-solving in Dynamic Environments

Robotics challenges engineers to work in dynamic and often unpredictable settings, where
robots must adjust to real-time transformations. Disaster response robots deployed in search
and rescue operations require engineers to design systems capable of navigating rough
terrain, detecting survivors, and preventing hurdles. Boston Dynamics demonstrates this
adaptability; its mission is to imagine and create exceptional robots that enrich people's lives.
This work is the next step in the evolution of machines for the repetition, reduction of danger,
and physically demanding tasks. Engineers developing such robots are tasked with creating

robust control systems that allow the robot to adjust its movement based on variations in the
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landscape. Problem-solving in these environments embraces real-time decision-making,
where engineers program robots to assess situational data and respond with appropriate
actions. This adaptability is instrumental in fields where autonomous systems operate under

varying conditions, such as mining, construction, or exploration.

Quantum computing

A multidisciplinary field comprising aspects of computer science, physics, and mathematics
utilizing quantum mechanics to solve complex problems faster than on typical computers. It
represents a transformative leap in computational power, enabling engineers to solve
problems, that are unsolvable with traditional systems. Its unique approach to processing
information through quantum bits (qubits) allows for parallel computation on a record scale.
Engineers in this field develop competencies in interdisciplinary collaboration, advanced
algorithms, and optimization. Engagement with quantum computing develops advanced
computational skills necessary for tackling the most challenging problems in modern
engineering. They extend a deep understanding of interdisciplinary concepts, enabling
collaboration at the intersection of physics, mathematics, and computer science. Unparalleled
optimization capabilities of technology prepare engineers to design systems that advance
innovation and maximize efficiency. These proficiencies prepare engineers to lead
advancements in fields that demand cutting-edge computational power, shaping the future of

technology and science.

Advanced Computation Skills

Quantum computing trains engineers with the ability to develop and apply quantum
algorithms, enabling them to solve problems involving massive data sets and high
complexity. Shor’s algorithm, which can factorize large numbers exponentially faster than
classical algorithms, is the foundation of quantum computation. Engineers grasping such
algorithms can work on encryption systems that rely on advanced cryptographic techniques, a
proficiency direly needed in cybersecurity. Similarly, quantum algorithms like Grover's
search algorithm are used to search unsorted databases with an amazing speed, making
streamlining data-intensive processes possible in pharma industries for drug discovery and

finance for risk analysis.
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Interdisciplinary Knowledge

Quantum computing bonds physics, mathematics, and computer science, requiring engineers
to develop multidisciplinary expertise. The principles of quantum mechanics reinforce
quantum computing’s functionality, implying engineers must understand phenomena like
superposition and entanglement to design and optimize scientific research instruments. The
development of IBM's quantum processors, such as the Eagle processor a 127-qubit quantum
processor, highlights how engineers combine physics, mathematics, and computer science
knowledge to design hardware, refine quantum error correction methods, and create efficient
algorithms. This interdisciplinary approach encourages relationships with experts from
diverse fields, preparing engineers for complex, multi-disciplinary projects such as quantum-

enhanced machine learning or the development of quantum communication networks.

Optimization Problem-Solving

One of the most significant applications in this domain is solving optimization problems,
where multiple variables must be considered to find an efficient solution. Quantum
computers address complex logistical challenges such as delivery route optimization for
supply chain management. Volkswagen aims to develop an intense understanding of
meaningful applications in quantum computing for corporate context. The D-Wave system
allows addressing optimization tasks with huge variables at an impressive speed to optimize
traffic flow demonstrating how quantum optimization algorithms can manage large-scale
systems more effectively than customary approaches. Engineers in such projects gain skills in
modeling real-life scenarios, running quantum simulations, and interpreting results to
improve system performance. In structural engineering, quantum optimization is also used to
identify efficient material configurations for high-strength, lightweight designs, a critical

aspect of the aerospace and automotive sectors.

Conclusion

The integration of futuristic digital technologies in engineering is transforming how engineers

build and refine their skills. Technologies like Al, VR, and digital twins provide realistic and

data-driven learning experiences that strengthen core competencies, while blockchain and
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BCI highlight the importance of ethical and interdisciplinary considerations. As engineers
work with these tools, they develop not only technical proficiency but also adaptability,
critical thinking, and collaborative skills necessary for tackling future industry challenges.
The ongoing evolution of these technologies requires a commitment to continuous learning,

emphasizing that engineers must be lifelong learners to remain relevant and innovative.
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Brain-Computer Interfaces (BCI)

*Human-Computer Interaction: BCIs require knowledge of how humans and machines
communicate, promoting skills in neural engineering and bioinformatics.

*Signal Processing and Data Analysis: BCIs rely on interpreting brain signals, requiring
engineers to develop competencies in processing complex biological data.

*Ethical Engineering: BCIs highlight the importance of ethics, as engineers consider privacy,

consent, and the social impact of invasive technology.

Robotics and Autonomous Systems

*Mechatronics and Control Systems: Working with robotics develops core skills in control
theory, mechanical design, and electronics.

*Sensor Integration and Al: Autonomous systems integrate sensors and Al, fostering
interdisciplinary competencies in sensor fusion, machine vision, and intelligent control.

*Problem-Solving in Dynamic Environments: Robotics challenges engineers to solve
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problems in real-time and in unpredictable conditions, enhancing adaptability.

Quantum Computing

*Advanced Computation Skills: Engineers develop unique competencies in quantum
algorithms, vastly different from traditional computing, preparing them for high-complexity
problem-solving.

Interdisciplinary Knowledge: Quantum computing draws on physics, mathematics, and
computer science, requiring engineers to work at the intersection of these fields.

*Exploring Optimization Problems: Quantum computers excel at solving optimization

problems, a skill that enhances an engineer’s ability to design efficient systems.

How These Technologies Promote Engineering Competencies

eInterdisciplinary Thinking: Most futuristic technologies require a blend of skills across
engineering, data science, biology, and social sciences.

*Ethical and Responsible Innovation: Engineers are pushed to consider the social impact of
these technologies, developing competencies in ethical reasoning.

*Continuous Learning: Rapid technological advancement fosters a learning mindset, essential
for engineers to stay relevant and adaptable.

*Collaboration and Communication: Working with specialists in various fields, engineers

develop soft skills crucial for multidisciplinary collaboration.

Leveraging these technologies in training and practical applications helps engineers build the

competencies needed for a future driven by complex, interconnected systems.
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Studies in the fields of education and social sciences have always

been important in terms of their impacts on society. The studies

in this book contribute to the fields of education and social

sciences by different research methods, participants, and
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