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Abstract

Reading pro ciency is a critical skill for academic and pemnal success, yet many
educational tools lack the adaptive feedback necessary tddxess individual learning
needs e ectively. Existing systems often provide static élback that fails to adapt
to the learner's pace, particularly in vocabulary acquisibn and pronunciation skills.
This research introduces a personalized reading assistarsystem, Reading compan-
ion system, designed to Il these gaps by integrating dynamj adaptive feedback
mechanisms for vocabulary and detailed, step-by-step gaigce for pronunciation.

The Reading companion system's (RCS) adaptive vocabularpmponent uti-
lizes dynamic di culty scaling and personalized learning pths to adjust vocabulary
complexity based on each learner's progress, ensuring tlsitidents remain engaged
without feeling overwhelmed. For pronunciation, the Readg companion system of-
fers a step-by-step breakdown of di cult words, with phoneic guidance that helps
students build con dence and accuracy in reading aloud. Tegher, these compo-
nents provide a comprehensive, learner-centered feedbagiproach that tailors the
reading experience to each student's unique needs.

To evaluate the usefulness of the RCS, a study was conductedhnl4 partici-
pants, including teachers and caregivers of children ageflLl8. The study explored
the perceived impact of the system's adaptive feedback oncabulary retention and
pronunciation pro ciency through qualitative interviews and thematic analysis. Key
ndings highlighted the system's ability to dynamically adapt to individual needs,
fostering meaningful improvements in reading skills.

By focusing on adaptive vocabulary support and structuredrpnunciation guid-
ance, this study addresses signi cant gaps in educationadhnology. The ndings are
anticipated to demonstrate improvements in vocabulary re&ntion and pronunciation
pro ciency, contributing a scalable, personalized apprah to reading education.
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Chapter 1

Introduction

In educational technology, personalized learning has gath prominence as an e ec-
tive approach to addressing diverse student needs and impitog learning outcomes.
However, many educational tools provide generalized feedkathat lacks the nu-
ance necessary for personalized support, particularly ierading education. Reading
pro ciency forms a fundamental cornerstone of academic stess and is critical for lit-
eracy development, yet traditional methods often fail to met the individual learning
curves of students. Currently, the majority of feedback sysms in reading education
deliver static responses or generic cues that are insu cieffor fostering vocabulary
acquisition or re ning pronunciation skills. This lack of tailored feedback creates
a gap in reading education, where students miss out on adai targeted support
that could enhance their learning experience.

One of the central tenets in educational design is to tailorehrning experiences
to meet individual needs, an approach that maximizes engagent and retention
through personalization [42]. Yet, existing feedback syamts rarely adapt in real-time
to students’ abilities, resulting in either overwhelming o under-challenging content
that can lead to disengagement . Adaptive feedback, specilbatailored to vocabu-
lary and pronunciation, holds potential for reshaping reaidg education by providing
a learning experience that adjusts dynamically to the stud#'s performance.

Despite the signi cant advancements in NLP (Natural Languag®rocessing) and
ML (Machine Learning) for personalized learning, most sysins still struggle with in-
corporating dynamic di culty scaling and personalized leaning paths within vocab-
ulary instruction, two core components for fostering e edve reading skills. Without
these components, students receive minimal, generic suppthat fails to meet their
speci ¢ development needs, which limits their progress arehgagement.

Another gap in the literature is the absence of detailed promgiation guidance
in existing reading tools. While some systems highlight inaect pronunciations,



few provide structured, step-by-step breakdowns to aid stients in mastering di -
cult words. Pronunciation is often a challenging area for ymg learners, and with-
out precise, phonetic guidance, they are likely to develomd reinforce incorrect
speech habits. Current tools either overlook pronunciatiosupport entirely or o er
high-level feedback that lacks phonetic depth, leaving stkents without actionable
guidance for improvement. A detailed breakdown of di cult words into manageable
phonetic components can help bridge this gap, o ering younigarners the support
they need to build uency and con dence in reading aloud [29]

1.1 Reading education

In traditional reading education settings, children who stuggle with pronunciation
often rely heavily on direct assistance from teachers or egjivers. Educators monitor
students as they read aloud, providing immediate correctie and guidance when
mispronunciations occur. While this one-on-one support isvaluable, it is not always
feasible due to classroom sizes, resource limitations, avatying student-to-teacher
ratios. Teachers may not have su cient time to provide indivdualized attention
to each student, especially in larger classes. Consequgnome students may not
receive the necessary support to overcome their pronuncé@t challenges, leading to
potential setbacks in their reading development.

Moreover, traditional methods typically involve repetitve drills and practice,
which can become monotonous and fail to engage students dieely. Feedback is
often delayed due to the constraints of classroom dynamiasducing its immedi-
ate impact on learning. This delay can hinder the student'shality to self-correct
and internalize proper pronunciation promptly. Additionaly, students may feel self-
conscious about making mistakes in front of peers, a ectintheir con dence and
willingness to participate actively.

Reading challenges often stem from gaps in vocabulary dey@inent and pro-
nunciation accuracy. Traditional systems may not adequale address the diverse
learning paces and styles of individual students. Vocabulainstruction often fol-
lows a one-size- ts-all approach, lacking personalizanocand adaptability. Students
who require more time to grasp new words or concepts may fakhind, while those
who advance quickly may not be su ciently challenged. This nsalignment can lead



to disengagement and hinder overall literacy development.

These gaps highlight the need for innovative solutions thagirovide personalized,
adaptive feedback for students struggling with pronuncian and vocabulary while
practicing reading. By leveraging technology, it is posdib to create systems that
o er immediate and adaptive feedback that adjust to each l@aer's unique needs.
Addressing such challenges is essential for enhancing regdpro ciency.

1.2 Key Terms and De nitions

To ensure clarity and consistency throughout, the followingey terms are de ned:

" Adaptive Vocabulary Component: A system feature that dynamically
adjusts the complexity and di culty of vocabulary words based on the learner's
current performance and pro ciency levels.

Dynamic Di culty Adjustment (DDA): A method used in educational
technologies to modify the di culty of tasks in real-time, ersuring that learn-
ers remain within their optimal learning zone to maximize egagement and
retention.

Phonetic-Based Feedback Component: A system feature that provides
detailed, step-by-step feedback on pronunciation, breailg down complex words
into phonetic segments to assist learners in accurate aiation.

1.3 Research Questions

In light of the identi ed gaps in traditional reading education methods, particularly
concerning pronunciation support and vocabulary acquisan, this research aims to
explore how technology can bridge the gaps through adaptifeedback mechanisms.
The primary research questions guiding this study are:

A

RQ1: Can the adaptive vocabulary component support language acquisition
through Dynamic Di culty Adjustment (DDA)??
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This question seeks to evaluate the design and perceivedfuseess of an adap-
tive vocabulary component that adjusts word complexity in eal time, providing
a more individualized approach to vocabulary development.

RQ2: What improvements and design considerations can inform the develop-
ment of a phonetic-based feedback component to support pronunciation?

This question focuses on understanding how detailed phoreguidance can
assist young readers in pronouncing challenging words, pivag future iterations
of the system to include useful pronunciation support.

1.4 Methodology

To address the research questions, an approach involvingadjtative data collection
and analysis was employed. The methodology involved the adepment of a pro-
totype of the Reading Companion Systemincorporating adaptive vocabulary and
phonetic-based pronunciation feedback features. The sgst was designed using the
Minimum Viable Product (MVP) model [12], focusing on rapid deglopment and
iterative improvements to ensure that core functionalitie e ectively addressed the
identi ed gaps.

An evaluation study was conducted involving participants wh backgrounds in
education and caregiving for children aged 6{12. Participds were selected for their
expertise and ability to provide informed feedback on the syem's design and func-
tionality. The study consisted of system demonstrationspflowed by semi-structured
interviews to gather detailed insights into the system's wfulness, usability, and areas
for improvement.

Data collected from the interviews were analyzed using thetic analysis [8] to
identify key themes and patterns related to the research gsions. The ndings were
used to assess the system's potential in providing adaptivecabulary support and
pronunciation feedback, as well as to inform future develagent and re nement of
the system.

Given the gaps and the outlined methodology, this researchtioduces an early
adaptive reading feedback system designed to |l these gapy integrating early
adaptive feedback mechanisms for vocabulary and detailestep-by-step guidance



for pronunciation. The adaptive vocabulary component utizes dynamic di culty
scaling to adjust vocabulary complexity based on each leanris progress, ensuring
that students remain engaged without feeling overwhelmedror pronunciation, the
system o ers a step-by-step breakdown of di cult words, wih phonetic guidance
that helps students build con dence and accuracy in readingloud. Together, these
components provide a comprehensive, learner-centereddieeck approach that tai-
lors the reading experience to each student's unique needsy Bcusing on adaptive
vocabulary support and structured pronunciation guidancehis study focuses on ad-
dressing signi cant gaps and feasibility of providing adajpve feedback in educational
technology.



Chapter 2

Literature Review

Reading is a foundational aspect of a children's academicvedopment and a crucial
skill for lifelong learning. Traditional methods of teachig reading have evolved with
the integration of technology, leading to new strategies #t to enhance learning
outcomes. This chapter examines existing research on reaglieducation methods,
interactive reading platforms, and feedback mechanismsrfohildren's learning.

2.1 The Reading Process

Reading is a multifaceted cognitive process that involveskious abilities, including
decoding, vocabulary, language comprehension, uency,dapronunciation. Under-
standing the intricacies of the reading process is essehtiar developing e ective
reading instruction and interventions. According to the Se&nce of Language and
Reading (SOLAR) framework, oral language competence playsentral role in read-
ing acquisition [50]. The SOLAR framework emphasizes thatading is not merely
the ability to decode text but also involves the integrationof linguistic, cognitive,
and social-emotional skills.

Pronunciation, in the context of reading, refers to the acaate articulation of
words as they are read aloud. It encompasses the ability tocegnize and produce
the correct sounds associated with written words, which isihdamental for devel-
oping uent reading skills. Pronunciation accuracy suppds not only oral language
development but also enhances reading comprehension bywirgy that readers can
e ectively decode and understand the text [29].

The reading process can be conceptualized through modelglsias the Simple
View of Reading (SVR) and its expanded version, the Active View d?eading. The
SVR states that reading comprehension is the product of dedad and language
comprehension [25]. However, recent advancements in theesce of reading have
highlighted additional components, including executiveuinctions, motivation, and
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strategy use, which bridge decoding and comprehension [29These components
highlight the complexity of reading and the need for compredmsive instructional ap-
proaches that address both foundational skills and high@rder cognitive processes.

2.1.1 Reading Instruction Approaches

E ective reading instruction encompasses various approaes, often blending phonics
(focusing on letter-sound relationships) and whole-langge strategies (emphasizing
meaning-making). Comprehensive instruction may includeugded oral reading [40],
vocabulary building, and targeted feedback on decoding armbmprehension. The
National Reading Panel [41] identi ed key elements: phonemiawareness, phonics,
uency, vocabulary, and comprehension. Modern reading tt®integrate these ele-
ments, providing structured lessons, immediate pronundian feedback, and adaptive
responses.

Establishing these instructional principles before disssing feedback systems en-
sures that we understand how feedback is included in readingApproaches that
combine foundational skill-building with adaptive suppor can better meet diverse
learner needs. In this thesis, | will focus on vocabulary angronunciation as both
are key reading skills.

2.2 Literature Review Process

The initial phase involved a comprehensive review of the ditature across di erent
databases such as ACM Digital Library, IEEE Explore and Godg Scholar. Unlike
a simple database search, i employed a combination of expltmry and systematic
search to ensure that a wide range of research areas was cedeiSome of the search
terms and phrases included:

" Feedback systems in children's learning environments
" Technological tools in reading education
" Adaptive feedback in educational technologies

~ Pronunciation teaching methods for children
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Each article's title and abstract were reviewed for initialrelevance. The search
spanned the last 20 years related to advancements in educatal feedback systems,
novel technologies and ongoing challenges in educationathnology. The studies
that met the inclusion criteria were included. The inclusio criteria focused on the
following factors:

" Studies detailing feedback mechanisms in educational sats
"~ Studies focused on adaptive learning technologies
" Feedback mechanisms tailored to young learners

" Technological gaps in current educational tools

2.3 Feedback Mechanisms for Children's Learning

Feedback is a pivotal component in children's learning, iuencing their motivation,
engagement, and overall skill acquisition [28]. E ectiveekedback helps children un-
derstand what they have done well and what requires improveant. This section
reviews the di erent mechanisms through which feedback ig@vided in various con-
texts, particularly focusing on games and educational sétgs.

2.3.1 Feedback in Games and Interactive Media

Games and interactive media have long utilized feedback toamtain engagement
and reinforce learning outcomes. In these settings, feedkag often immediate, clear,
and engaging, using visual and auditory cues to capture attgon and motivate users.
For example, progress indicators, rewards, and sound e scare standard features
that create an immersive learning environment and encouragontinued interaction
[22].

Furthermore, Immediate feedback in gaming helps learnerercect their mistakes
quickly, promoting a cycle of learning and improvement [42For example, Duolingo
[18], a popular language-learning application, providemimediate feedback by high-
lighting correct responses in green and incorrect ones irdrallowing users to identify
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and learn from their mistakes instantly. The principles of gmi cation such as earn-
ing points, achieving levels, and receiving instant noti ations can be applied to
educational tools to enhance motivation and retention.

2.3.2 Feedback in Educational Contexts

In traditional educational settings, teacher-led feedb&cguides students’ learning.
Teachers provide feedback in various forms: verbal, writte and gestural. E ective
feedback is timely, specic, and actionable. Immediate fdeack helps students cor-
rect errors quickly, improving their learning outcomes. Dayed feedback allows for
re ection, leading to deeper cognitive processing and beit retention [48].However,
its e ectiveness varies based on the learning context and ae.

The feedback process often begins with teachers observitgdent performance.
Immediate feedback is given right after a task, helping sthts make corrections
and reinforcing learning. This quick response prevents regted mistakes. Delayed
feedback, provided after a task is completed, encouragesidgnts to re ect on and
analyze their work, which supports a deeper understanding the material, even
though it may not prevent immediate errors.

2.4 Types and Characteristics of Feedback

Feedback varies in its delivery, content, and source, eaclement in uencing its

e ectiveness in various educational settings. This sectioexplores the delivery pro-
cesses, content structures, and sources of feedback thapaut children's educational
experiences.

2.4.1 Characteristics and Modalities of Feedback

Feedback is a critical component in learning and teachingn uencing engagement
and knowledge acquisition. It can be delivered through variis channels and formats,
including audio, visual, and written forms, each o ering dstinct strengths and appli-

cations. Understanding these characteristics and modaés is essential for creating
e ective educational experiences for children.
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Audio Feedback

Audio feedback encompasses various forms, including spokestructions, music
cues, and sound e ects, each playing a unique role in deliiyg feedback. This
type of feedback can convey detailed and personalized infation, evoke emotions,
and create immersive experiences for the listener. The useadio feedback is valued
for its ability to provide clarity, maintain engagement, ard establish a personal con-
nection, making it a versatile tool in multiple contexts. Stidies indicate that audio
feedback can enhance student engagement by providing a mpexsonal connection
between learners and instructors. For instance, a study [[LBighlights that students
often prefer audio feedback over written comments due to itdarity and relational
character. This preference is supported by the ndings of 83, because students
found that it created a sense of direct interaction with theiteachers.

Audio feedback's potential extends to reinforcing learninthrough immediate au-
ditory cues. Dixon, 2015 [17] reviewed literature in higherdecation and emphasized
that audio feedback could help build a personal rapport, inpving student self-
esteem and perceived care. This method aligns well with ahitentric educational
tools, such as Reading Eggs[46] and ABCmouse[1], which o endio feedback to
guide children through reading exercises and interactivectivities. These platforms
provide spoken instructions, pronunciation correctionsand positive reinforcement,
o ering nuanced guidance that is often richer than text aloe.

Visual Feedback

Visual feedback refers to the use of visual elements, such asmges, animations,
color changes, and graphical indicators, to convey inforri@n or responses to users'
actions. This type of feedback helps learners understandein progress, correct
mistakes, and stay engaged through immediate, visual cues.

Rau, 2020 [45] studied design trade-o s in interactive edational visualization
tools. Rau, 2020 [45] reported the importance of matchingstal feedback with stu-
dents' experiences to aid learning transitions. Immediateisual feedback responses
allowed real-time adaptations to student inputs and reinficed correct learning tech-
niques. Specialized educational interventions also bendrom visual feedback. For
example, Bartov, 2023[7] assessed computerized visualdfeeck for children with
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developmental coordination disorder (DCD). In this way, \sual feedback improved
handwriting metrics such as timing, spatial orientation, ad pressure control. The
visual cues enabled children to adjust their writing techmjue e ectively and achieve
better handwriting outcomes.

[4] examined the role of visual feedback on gesture interamts with mobile de-
vices. They found children, teens, and adults made more acate gestures when
visual feedback, such as gesture traces, was provided. Thigports the integration
of visual feedback to enhance interaction and usability indeicational tools.

2.4.2 Timing of Feedback
Immediate Feedback

Immediate feedback is an approach where the users receiverppt responses after
completing a task. This method is widely recognized for enhaing learning outcomes
by reinforcing correct behavior immediately. Immediate fedback is particularly ef-
fective in maintaining engagement because o ers real-timasights into performance
and motivates learners and supports continuous improventen

The e ectiveness of immediate feedback is rooted in its altyf to reduce the
cognitive load associated with delayed responses.[37] lexed the use of visual pro-
gramming tools in collaborative learning settings for chiren. The study found that
immediate feedback during programming activities allowedhildren to adjust their
problem-solving strategies dynamically which improved #ir overall learning expe-
rience.

Immediate feedback has also been shown to play a crucial rafeinteractive
learning environments where timely responses encourageia participation. [26]
examined handwriting tasks on tablet screens for childremd highlighted that visual
feedback provided immediately after writing correctionsmproved letter formation
and pen speed. This approach helped children make up for theduced feedback by
using visual cues to guide their actions.

In educational technologies, immediate feedback is oftembedded within digital
tools to support learning through adaptive interactions35] introduced functional
narrative animation as visual feedback in 3D visualizatiosystems, demonstrating
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Figure 2.1: lllustration of visual and immediate feedback irnandwriting tasks on
tablet screens.

that immediate responses to user interactions improved thenderstanding of edu-
cational material. This type of feedback was particularly bne cial during pre-task
and post-task assessments, allowing students to re ne tihéearning strategies.

Delayed Feedback

Delayed feedback refers to a strategy of feedback where m@sges or corrections are
provided to learners after a time interval, rather than immeiately following a task.
This approach has been debated for its potential to enhanceng-term retention and
facilitate deeper cognitive processing [39].

The rationale behind delayed feedback lies in the hypothssihat it encourages
learners to actively re ect on their actions and response$39] delayed feedback pro-
moted superior knowledge transfer compared to immediateef#tback. The study[39]
found that students who received feedback one week after suitting their assign-
ments performed better on subsequent assessments invalyvimew problems on the
same concepts. This approach suggests that children deyelgelf-re ection skills
by allowing them to revisit their work after a gap, leading toenhanced retention
and understanding over time. [15] further investigated felack timing in computer-
based learning environments and found that delayed feedlkacould be more ef-
fective for deeper comprehension and understanding. The ta@nalysis revealed
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that while immediate feedback was bene cial for simple, losv-order tasks, delayed
feedback supported more complex cognitive processing. Tiesults highlighted the
nuanced role that feedback timing plays in learning, espedly for subjects that
require deeper comprehension and application of knowledg®vhile delayed feed-
back supports deeper learning, early reading learners bdanmore from immediate
feedback to avoid internalizing incorrect sounds or meargs. Immediate feedback
ensures prompt correction and reinforcement, making it mersuitable for developing
foundational reading skills. A combination of immediate f®dback with occasional
delayed feedback for re ection may provide an optimal appezh.

2.4.3 Valence of Feedback
Positive Feedback

Positive feedback refers to responses that arm and reinfae a learner's correct
actions or progress, often delivered through praise or suppive comments. In the
context of education, positive feedback plays a crucial ®in promoting psychological
well-being, boosting motivation, and reinforcing desirdb learning behaviors. Posi-
tive feedback can be provided in various forms, including stial cues (such as stars,
badges, or progress bars), audio (spoken praise or soundas®, and written com-
ments. For example, in digital learning platforms[18], aud feedback might include
verbal praise like 'Great job!" after a correct answer, whal visual feedback could
display celebratory animations or badges. These approasheontribute to increased
student con dence and engagement, enhancing their overédlarning experience.
Research has demonstrated that positive feedback can enbamot only academic
performance but also emotional and social outcomes.[3] falithat positive feedback
contributed signi cantly to increased student con dence ad self-e cacy. The study
highlighted that compared to negative feedback or its absee, positive feedback led
to improved academic skills and better psychological stateamong learners. Further
exploration into classroom interactions, [27] by Hargrease observed the e ect of
teacher feedback on primary school students' learning exjnces. The longitudi-
nal study revealed that students responded positively whefieedback included clear,
constructive details that reinforced their understandingand progress. For exam-
ple, a teacher's feedback likéGreat job identifying the main idea|next time, try
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adding more supporting details!" provided guidance and emotional support, which
enhanced both engagement and independent learning behasioSuch feedback in
various forms|whether verbal, visual, or written|helped i mprove students' connec-
tion to their learning tasks. Visual forms could include chéanarks or badges, while
audio might feature spoken encouragement.

Reward Systems and Reinforcement Schedules Reward systems are integral
to positive feedback mechanisms, leveraging principle®iin behaviorist psychology
to reinforce desired behaviors. B.F. Skinner's theory of omt conditioning out-
lines various reinforcement schedules that can be applied educational settings to
optimize learning outcomes [49]. These schedules determmimw and when rewards
are delivered, in uencing the strength and persistence ohé reinforced behavior.

" Fixed Ratio (FR) Schedule : Rewards are given after a xed number of
correct responses. For example, a child receives a badgerévery ve correct
answers. This schedule can lead to high rates of response may also cause
a post-reinforcement pause.

" Variable Ratio (VR) Schedule : Rewards are provided after an unpre-
dictable number of correct responses. For instance, a stappears after an
average of seven correct answers. This schedule tends toduae high and
steady response rates with minimal pauses, making it highéective for main-
taining motivation.

" Fixed Interval (FI) Schedule : Rewards are delivered after a xed amount
of time has passed since the last reward. For example, a poistawarded every
two minutes of active participation. This can create a "scébping” e ect, where
responses increase as the reward time approaches.

Variable Interval (VI) Schedule . Rewards are given after varying time
intervals. For example, feedback is provided at random tinseduring a session.
This schedule produces a steady rate of response and is lessaptible to the
scalloping e ect.

Integrating these reinforcement schedules into educatiahtechnologies can sig-
ni cantly enhance their e ectiveness. For example, Readmn Eggs utilizes a Variable
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Ratio schedule by randomly awarding points and badges, whikeeps learners en-
gaged and motivated without the predictability that might lead to decreased interest.
Understanding and applying these schedules allows educa@nd developers to de-
sign more e ective reward systems that cater to diverse leaing needs and sustain
long-term engagement [20].

1000 [

Variable Fixed
ratio

500 —
Fixed

interval

250 —

Cumulative number of responses

10 20 30 40 50 60 70 80

Time (minutes)

Figure 2.2: Schedules based on the number of responses, knas/ratio types, induce
greater response rate than do schedules based on elapsectim

Negative Feedback

Negative feedback is essential in educational settings faniding students' learning
by addressing errors and promoting self-correction. Whileogentially bene cial, its
e ectiveness is nuanced and often depends on how it is deled. Fyfe, 2016 [21]
showed that while negative feedback can help improve probiesolving skills in chil-
dren, its impact varies with the learner's prior knowledgeChildren with lower prior
knowledge were less responsive to detailed feedback. Dethinegative feedback,
such as comments specifying which part of an answer was inemt and why, can
guide learners in identifying and correcting their mistake For example, feedback
like "You made an error in step 2 by adding instead of subtragig|try revising that
step" provides clarity and actionable guidance. Building o these ndings, Arbel,
2021[5] focused on children with developmental languagesaliders and found that
negative feedback did not lead to signi cant improvementsni their learning out-
comes. Instead, these children were as likely to repeat nakes as to correct them
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after receiving negative feedback, because specic learrgroups may require tai-
lored feedback strategies for better e ectiveness. Thisighs with [21] assertion that
prior knowledge and cognitive characteristics in uence o feedback is processed.

Which is Better?

Both positive and negative feedback have their roles in edatton, but for younger
learners, particularly those developing foundational sks like reading, positive feed-
back [3] is generally more e ective. Positive feedback prastes motivation, engage-
ment, and psychological well-being, which are crucial fomdy learners. It provides
encouragement while reinforcing correct actions, making particularly suitable for
building con dence in children.

Negative feedback, while useful for addressing speci c ersp must be carefully
delivered to avoid discouraging or overwhelming learnert is most e ective when
paired with constructive guidance, helping learners undstand and correct their
mistakes. However, for younger readers, excessive focus oore [21] can hinder
their con dence and willingness to engage.

2.4.4 Source of Feedback
Teacher-Led Feedback

Teacher-led feedback remains a fundamental aspect of classn learning and the
socio-emotional development of students. This feedback thed, characterized by di-
rect interaction between teachers and students, allows fonmediate clari cation and
tailored responses that adapt to student needs. [13] exarethtechnology-enhanced,
performance-based feedback in early childhood special edtion settings. The study
found that when teachers provided immediate feedback dugnvarious classroom
routines, including child-led and teacher-led activitiesstudents, it demonstrated im-
proved communicative responses and engagement. This hights the dual role of
teacher feedback in supporting not only academic learningibalso social interaction
skills.

Further, [27] provided a nuanced view of how children experce teacher-led
feedback in primary school classrooms. The research, coothal over two terms with
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children aged 9 to 10, revealed that students bene ted mostdm feedback that was
detailed yet not overly directive. Feedback that struck a blance between guidance
and autonomy allowed students to engage more deeply with teang material and
fostered a positive classroom environment. This nding coptements the work of
[13] by emphasizing that the nature and delivery of teacheeédback are critical to
its e ectiveness.

Technology-Mediated Feedback

Technology-mediated feedback has become an essential congmt in modern educa-
tional tools, providing immediate, and often adaptive respnses to learners. This type
of feedback leverages digital platforms to enhance the learg experience through a
variety of formats, including text, audio, and visual feedack loops. [45] by explored
how feedback-augmented narrative technology on an intetae tablet platform im-
pacted math learning for children in grades 3 to 5. The integtion of a tutoring
chat bot within this system showed that children who receivtfeedback experienced
improved learning outcomes and engagement compared to teosho did not. This
highlighted that technology-mediated feedback can provedboth educational value
and enhanced engagement, especially when integrated witbrgtelling elements.

Similarly, [13] investigated the e ect of immediate technlmgy-enhanced feedback
on early childhood education. The study [13] revealed thatethnology-mediated
feedback not only improved children's expressive commuateon but also enhanced
teacher practices, supporting the argument that feedbacketivered through digital
means can strengthen interactions between teachers andrleas.

2.4.5 Speci city of Feedback
General Feedback

General feedback refers to non-speci ¢, overarching comnte provided to students
about their overall performance. Unlike detailed or targetd feedback, general feed-
back may o er broad suggestions or highlight general stretitgs and areas for im-
provement. This type of feedback can serve as a motivationt@lol but may lack the
speci city needed for immediate performance enhancemen7] examined children's
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responses to di erent types of teacher feedback, focusing their emotional and cog-
nitive reactions. The study found that while general feedlzk could foster a positive
classroom atmosphere, students often perceived it as lesti@nable compared to
speci ¢, directive feedback. For example, a comment like @&d job on your assign-
ment' can boost a student's morale but may not provide the gdance necessary for
improvement. The participants noted that general praise bmsted morale but did
not always contribute to precise improvements in their work

Building on this, [11] explored students' perceptions of seher feedback across
various educational settings. The results highlighted thtageneral feedback was ap-
preciated for its role in guiding students’ academic and &f skills development, of-
fering them encouragement and broad insights into their pgyess. However, the
ndings also emphasized that while general feedback supp®ml sense of direction,
it often needs to be paired with more speci c feedback to aidhiskill-building and
precise corrections.

Speci ¢ Feedback

Speci c feedback is a precise, targeted form of feedback tHacuses on distinct as-
pects of a student's work or performance. Unlike general fdmatk, speci ¢ feedback
provides detailed insights that guide students on what to matain or improve in their
learning process. This type of feedback has been associateth more substantial
academic gains due to its actionable nature. [27] highligid that children in primary
classrooms found learning more e ective when teacher feedh included substantial,
detailed points. The study, conducted with children aged 9ot 10, indicated that in-
structions that were too restrictive could be counterprodctive, but speci c feedback
that provided clear guidance and cues facilitated better &ning and engagement.
Further supporting this, [19] in a medical education contexexamined the e ective-
ness of communication training that integrated speci c, bleavior-oriented feedback.
The ndings showed that students who received structured ahspecic feedback
demonstrated signi cant improvement in communication skis as evaluated by in-
dependent raters. For instance, specic feedback might iolve a statement such
as, 'Your tone was clear, but remember to maintain eye contathroughout the
conversation to convey con dence.'
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2.5 Feedback in Reading Education

2.5.1 Guided Oral Reading

Guided oral reading is a well-established instructional pctice that involves students
reading aloud while receiving feedback and guidance to ingwe their uency, pro-
nunciation, and comprehension. This method allows teactseor technological tools
to provide immediate feedback, supporting the developmenf critical reading skills.
[40] investigated the e ectiveness of guided oral readingterventions for struggling
readers in grades 2{4. The study included individual and srisgroup reading for-
mats and demonstrated that both methods signi cantly enhaced reading uency
and attitudes toward reading. The research highlighted tharepeated oral reading
practice coupled with immediate feedback allowed student® self-correct errors,
thereby promoting more uid reading and comprehension. [3&ompared guided
oral reading using an automated reading tutor, Project LISEN, with sustained
silent reading. The results indicated that students who paicipated in computer-
guided oral reading sessions showed signi cant gains in \@adenti cation, uency,
and reading comprehension compared to their peers who engadgn silent reading.
The automated system provided audio and visual feedback, wh helped students
recognize mistakes and improve their reading skills.

2.6 Reading Systems: Instructional Formats and Games

Reading systems are categorized based on their instruct@drformats and designs.
Understanding these classi cations helps in understandifgow each system supports
reading instruction and incorporates feedback mechanismReading systems can be
broadly classi ed into two instructional formats: Traditional Instructional Systems

and Gami ed Instructional Systems. This classi cation is lased on the underlying

instructional strategies and the incorporation of game dam elements.

2.6.1 Understanding the Di erence Between Games and Gami ed
Systems

Games are fully immersive environments where gameplay is the pramy focus, and
educational outcomes are achieved indirectly through emtbged learning objectives.
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These systems often feature narrative-driven tasks, vaddeedback loops, and rich
multimedia elements that require active participation andapplication of reading skills
to progress.

In contrast, Gami ed Instructional Systems retain structured instructional
objectives but incorporate game-like elements such as piinbadges, and levels to
enhance motivation and engagement. Unlike full- edged gass, gami ed systems do
not rely solely on gameplay mechanics but use gami cation assupplementary tool
to make learning more interactive and enjoyable while maiatning clear educational
goals [16].

2.6.2 Traditional Instructional Systems

Traditional Instructional Systems focus on structured, tacher-like interventions that
emphasize step-by-step skill building without integratig game-based elements. These
systems are designed to provide consistent, repeatabletrastion aimed at improv-
ing speci ¢ reading skills.

Edmark Reading Program (ERP)

The Edmark Reading Program (ERP) is a specialized, sight-wa-based reading in-
tervention designed to help students who face signi cant eienges in developing
traditional reading skills. The program's structured appoach, emphasizing repe-
tition and gradual learning, involves step-by-step lesssnwhere students are intro-
duced to new words, practice them through various activit® and receive positive
reinforcement upon successful recognition. Visuals in ERPten include ashcards,

interactive lessons, and progress charts that guide studerthrough the sequential

learning path [43].

ERP is highly regarded for its straightforward, sequentiaformat that promotes
mastery through positive feedback. Unlike phonics-based @paches, ERP focuses
on whole-word recognition, making it an e ective choice fostudents who struggle
with phonemic awareness or decoding [51].

While ERP's focus on whole-word recognition has been e ecévfor many stu-
dents, some critiques suggest it may not fully support skdlsuch as breaking down
words or improving pronunciation of unfamiliar terms. Enhacing the program with
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rLoture -4
rhateh

Level 1

Figure 2.3: Example of an ERP lesson showing ashcards and wlorecognition
exercises.

strategies that develop these skills could make it more comghensive and e ective
for all learners.

Amira System

The Amira System [2] is an advanced, Al-driven reading tutor dggned to improve
reading uency and comprehension among young learners. Réyed with the inte-
gration of natural language processing (NLP) and machine leang, Amira provides
immediate and interactive feedback during reading sessgnThis system supports
children in developing critical reading skills by helpinga reading, identifying errors,
and o ering feedback that promotes self-correction.

A key feature of the Amira System [2] is its adaptability. Usingnachine learn-
ing algorithms, Amira can adapt reading sessions based on leatudent's current
abilities and progress, adjusting the di culty and type of support provided. This cus-
tomization ensures that students remain engaged and challged at an appropriate
level.

From an HCI perspective, the Amira System incorporates severdesign factors
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Figure 2.4: A student using the Amira System, showcasing itsteractive interface
and features.

that enhance user interaction and experience:

A~

User Interface (Ul) Design : Amira features a child-friendly interface with
intuitive navigation, vibrant colors, and engaging graptas that cater to young
learners' preferences. The layout minimizes cognitive lddy organizing con-
tent logically and providing clear visual cues.

Interactive Elements : The system includes interactive components such as
clickable words and responsive touch elements that make thesarning process

more engaging and hands-on.

Feedback Mechanisms : Beyond immediate textual feedback, Amira em-
ploys multimodal feedback including audio prompts, visuaindicators (e.qg.,
green checkmarks for correct answers), and celebratory @ations to reinforce
positive learning behaviors.

Usability Testing : Amira underwent extensive usability testing with target
users (children aged 6-12) to ensure that the interface is thoaccessible and
e ective. Feedback from these sessions was used to re nedrdctive elements
and improve overall user experience.
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" Accessibility Features : The system includes features such as adjustable text
sizes, voice-over options, and color contrast settings t@@mmodate diverse
learning needs and ensure inclusivity.

Despite these strengths, Amira’s reliance on prede ned respses can limit its
adaptiveness, especially when dealing with unique pronuaton issues or non-standard
learning di culties.

2.6.3 Gami ed Instructional Systems

Gami ed Instructional Systems incorporate game design eteents such as points,
badges, and levels into traditional instructional framewds to enhance motivation
and engagement. Unlike full- edged games, these systemsaiet structured learn-
ing objectives while leveraging gami cation to make learng more interactive and
enjoyable.

Reading Eggs

Reading Eggs[46, 47] is a comprehensive online literacy gr@am designed to support
children in building reading skills through interactive aml engaging lessons. Targeted
at early learners, Reading Eggs primarily focuses on sighbwd recognition.

Gami cation Mechanisms Reading Eggs describes itself as a gami ed platform,
integrating several game design elements to motivate andgage children:

Points and Rewards : Children earn points for completing activities and
achieving milestones, fostering a sense of accomplishment

Levels and Progression : The program is structured into levels that unlock
progressively challenging tasks, encouraging continuolegrning.

Badges and Achievements : Visual badges are awarded for speci c achieve-
ments, providing tangible rewards for e ort and success.

Interactive Games : Embedded games reinforce reading skills through playful
activities that require applying learned concepts.
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e Story-Based Missions: Narrative elements guide children through reading

exercises, making learning contextual and meaningful.

These gamification elements serve to enhance motivation, maintain engagement,
and provide immediate feedback.

Although, Reading Eggs relies heavily on repetitive activities, such as practicing
the same sight words or doing matching exercises multiple times to reinforce learning.
Children receive positive feedback[47] when they correctly complete tasks, fostering
a sense of achievement and boosting their confidence. However, the program has
some limitations. Its structured approach may not fully cater to the unique learning
needs of every child, potentially limiting personalization. Additionally, the heavy
use of repetition and memorization might not support the development of critical

thinking skills in reading.

Figure 2.5: Reading Eggs interface showcasing gamified element like a badge.

2.7 Opportunities for Improvement

The reviewed systems demonstrate diverse approaches to reading instruction and

feedback. However, gaps remain:

e Pronunciation Support: Many systems lack the focus on nuanced phonetic

breakdowns or mouth movement visuals.
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Adaptive and Dynamic Feedback : Feedback often remains static or prede-
ned. Incorporating more nuanced reward schedules and gaed mechanics
can improve motivation and retention.

HCI-Informed Design : Systems can benet from usability heuristics, it-
erative testing, and incorporating proven design princigls from educational
psychology and human-computer interaction research.

To summarize, the integration of comprehensive reading ingction, strategic
feedback, gami cation principles, and thoughtful HCI desig holds the potential to
signi cantly improve the e ectiveness and engagement of agling education tech-
nologies. Moving forward, this research focuses on devetgptimely and adaptive
feedback mechanisms speci cally targeting Vocabulary ariRronunciation to address
the identi ed gaps.
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Chapter 3

System Design

3.1 System Architecture Overview

3.1.1 Overview of System Design and Integration

The Reading Companion Systenwas designed using the Minimum Viable Product
(MVP) model [12], focusing on rapid development and iterater improvements to
ensure that the core functionalities were e ectively deveped. The MVP approach
facilitated quick development and valuable feedback codigon, aligning with Lean
methodology principles [32]. This model emphasized buitdj essential features rst
and integrating additional capabilities based on feedback

The system's architecture is designed to address key chaljes in reading ed-
ucation for children aged 6-12, speci cally targeting vodaulary and pronunciation
support. The development prioritized early adaptive feeditk mechanisms to fa-
cilitate personalized learning paths that respond dynamadly to a child's progress.
This system's structure was designed to determine how adam feedback can be
leveraged to improve reading outcomes in young learners.

The architecture comprises of two main components: the baakd, which manages
the machine learning (ML) and natural language processingN[P) functionalities,
and the frontend, which serves as the user interface. ML erab the system to
adapt to individual learner needs by analyzing performancéata, dynamically ad-
justing vocabulary di culty, and tailoring pronunciation feedback. NLP enhances
text analysis by assessing word complexity, generating tracriptions, and providing
context-aware feedback. The backend processes includediatio-text transcription,
word complexity assessment, text similarity analysis, anthe calculation of read-
ability metrics. These processes work in harmony to providedaptive feedback and
support personalized learning experiences. The fronterdkgveloped using React Na-
tive, is designed to o er an intuitive, interactive interface that encourages children



27

to engage with the system.

3.1.2 Backend Components

The backend of the system is critical for processing readimgactice as user inputs
and providing adaptive feedback in real-time, aligning wit the research goals of
enhancing reading education through early and adaptive féigack. It encompasses 2
major modules that work collaboratively to analyze speeclassess word complexity,
and generate tailored feedback for learners.

Audio-to-Text Transcription Module

The Audio-to-Text Transcription Module is a foundational canponent that converts
the learner's spoken words into text, enabling subsequemalysis for pronunciation
and vocabulary assessment. Accurate transcription is estiahfor providing imme-
diate and precise feedback, which is crucial for early adaye feedback mechanisms.

To achieve high transcription accuracy, the system utilizzthe OpenAl Whis-
per model [44], a state-of-the-art neural network for speececognition. Whisper is
known for its robustness in handling diverse accents and seiconditions, making it
suitable for children's speech, which can vary signi canglin clarity and pronuncia-
tion.

The transcription process involves the following steps:

" Audio Input Processing : The system accepts audio input from the learner,
captured via the frontend interface and transmitted in basg4 format.

Audio Format Conversion : The received audio data may require conversion
to a compatible format for the Whisper model. Using thgydub library [30],
the audio is converted to WAV format with appropriate samplng rates.

Transcription with Whisper Model : The processed audio is fed into the
Whisper model. The model generates a text transcription of thspoken words.
This step is carried out using the Whisper library, which endbs seamless
audio-to-text processing.
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Normalization and Cleaning : The transcribed text is normalized by con-
verting it to lowercase and removing punctuation.

" Logging and Error Handling : Logging mechanisms record transcription
results and handle potential errors to ensure reliability.

The Whisper model was chosen because of its high accuracy ianscribing chil-
dren's speech, which often poses challenges due to pronationh errors and varying
speech patterns. An evaluation was conducted comparing Whipto other models,
with results summarized in Table3.1

Table 3.1: Comparison of Speech Recognition Models for GealeSpeech (source:
[23])

Model Word Error Rate (WER) Processing Time (s)

Whisper (base) 8.06% 600-1800 (per hour of audio)
Google Speech-to-Text 16.51%-20.63% 600-1800 (per houaudio)
Amazon Transcribe 18.42%-22.0% 600-1800 (per hour of audio)

Word Complexity Estimation Model

The Word Complexity Estimation Model predicts the di culty level of words for the
learner, supporting adaptive vocabulary assistance. Thalows tailoring the learning
experience by adjusting content complexity based on the leer's pro ciency.

Datasets and Features  The model leverages linguistic features known to in u-
ence word complexity:

" Word Frequency : Refers to how often a word appears in a given language cor-
pus. In this context, data is sourced from the Corpus of Conteporary Amer-
ican English (COCA) [14], which provides comprehensive fragncy counts of
words based on their usage across various genres of Americaglish.

Age of Acquisition (AoA) : Indicates the average age at which a word is
typically learned by individuals.This metric helps in undestanding the de-
velopmental stage at which words are acquired, and it is bas®n the data
provided by [31] who collected ratings for the age of acquisn for a large set
of English words.
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" Concreteness : Describes how tangible or abstract a word is perceived to .be
Words with high concreteness ratings are those that refer gohysical objects
or things that can be experienced with the senses, while lowncreteness rat-
ings indicate abstract concepts. These ratings are based the study [9] by
concreteness ratings for thousands of English words.

Feature Engineering The following features are extracted for each word:

Lemma Length : Number of characters in the base form.
" Frequency : Normalized occurrence frequency.
" AOA Rating : Average acquisition age.

" Concreteness Rating : Average concreteness score.

An example of a feature vector for the word "abandonment” is siwn in Table 3.2
For a comprehensive list of feature vectors for additionalavds, please refer to Table

in Appendix 1.

Table 3.2: Feature Vector for the Word "abandonment"

Feature Value Description
Lemma Length 11 Number of characters in "abandonment"
Frequency 0.96 Normalized frequency from corpus
AOA Rating 10.27 Average age of acquisition
Concreteness 1.83 Average concreteness rating
Model Selection and Training Several regression models were evaluated, in-

cluding:

" Decision Tree Regressor
Random Forest Regressor
" Gradient Boosting Regressor

" Support Vector Regressor
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The Random Forest Regressor was selected for its superiorfpanance in han-
dling non-linear relationships. The training process inabed data preparation, train-
test splitting, model training, and evaluation using Root Mean Square Error (RMSE).
RMSE measures the average magnitude of prediction errors bgking the square
root of the average squared di erences between predictedcaactual values. A lower
RMSE value indicates better model performance because itosts that the predicted
values are closer to the actual values. Similarly, thR? score, or coe cient of deter-
mination, measures how well the model explains the varialhyl of the target variable.
An R? value closer to 1 indicates that the model explains a highergportion of the
variance in the data, re ecting better predictive performace.Model performance is

summarized in Table3.3

Table 3.3: Model Performance Comparison

Model RMSE R 2 Score
Decision Tree Regressor 0.85 0.72
Random Forest Regressor 0.68 0.81

Gradient Boosting Regressor  0.75 0.78
Support Vector Regressor 0.92 0.65

Text Similarity and Accuracy Analysis

This module compares the learner's spoken words to the tatgext, identifying
discrepancies that inform the feedback mechanisms. The ®ms uses the Levenshtein
distance algorithm [34] to quantify di erences between theriginal and transcribed
texts, measuring the minimum edits needed to transform onérimg into another.

Alignment and Error Analysis The alignment process identi es speci ¢ words
that were mispronounced, omitted, or inserted. Detailed aysis enhances the adap-
tive feedback by providing targeted feedback, highlightipp mispronunciations and

omissions.

Readability Metrics Calculation

Readability metrics help adjust the di culty of texts according to the learner's pro-
ciency. The system calculates these metrics using thtextstat library [6], which

includes:
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Flesch-Kincaid Grade Level : Estimates the U.S. school grade level needed
to understand a text. A higher score indicates more complerading material.

Flesch Reading Ease : Measures how easy a text is to read on a scale from
0 to 100, where higher scores mean easier readability. Seoabove 60 are
considered easily understandable by an average 13- to 1%uyeld.

Gunning Fog Index : Predicts the number of years of education required to
understand a text. It considers complex words and senten@nbth, with scores
above 12 indicating college-level di culty.

SMOG Index : Estimates the years of education needed to comprehend a
piece of writing, focusing on the number of polysyllabic wds in sentences. It
is reliable for determining the grade level for texts of 30 seences or more.

Automated Readability Index (ARI) : Uses character count, word count,
and sentence length to estimate the U.S. grade level requiremlread a text.
The higher the ARI, the more advanced the reading level.

Coleman{Liau Index : Similar to the ARI, but uses letter and sentence
counts instead of syllables per word. It outputs a U.S. gradeVel score to
indicate the readability of the text.

3.2 Adaptive Vocabulary Feedback Component

3.2.1 Dynamic Di culty Scaling Mechanism

The adaptive vocabulary feedback component is designed ia primary focus on

leveragingadaptive feedbacko enhance vocabulary acquisition. This approach is es-

sential for creating a personalized and responsive leargianvironment. The system's

Dynamic Di culty Scaling feature ensures that each learner engages with vocabu-

lary that matches their current skill level, adjusting in real-time to their performance.

The process is outlined below:

" Initial Pro ciency Assessment : Users begin with a preliminary assessment
where they are shown a selected set of words that vary in corapity. For each
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word, the user is presented with multiple-choice options and must choose the
correct meaning. This process evaluates their current vocabulary knowledge
and understanding. The words in the assessment are carefully chosen to repre-
sent a range of difficulty levels, ensuring the system can accurately gauge the
user’s proficiency. This initial assessment serves as the foundation for tailoring
subsequent exercises, ensuring that the presented content is aligned with the

user’s skill level and promotes effective learning.

5:45 Sat,Nov16 @

Vocabulary

0% Complete
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Eloquent
Having a pleasant taste
@ Fluent or persuasive in speaking or writing.

Relating to plants

Capable of flying
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Figure 3.1: Initial Vocabulary Exercise: Users select the correct definition of a word
to establish baseline proficiency.

e Complexity Evaluation with Adaptive Metrics: The system employs a
word complexity model that assigns each word a difficulty score based on fea-
tures such as frequency of word, age of acquisition, and concreteness. This
model’s data-driven insights allow the system to dynamically match word diffi-
culty with user proficiency. Table 3.4 illustrates the complexity scores predicted

by the model for a set of common simple and difficult words.
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Table 3.4: Word Complexity Scores for Simple and Difficult Words

Word Complexity Score | Category
apple 0.014211 Simple
red 0.000895 Simple
run 0.036535 Simple
jump 0.015789 Simple
book 0.000526 Simple
sun 0.007070 Simple
juxtaposition 0.206184 Difficult
onomatopoeia 0.196842 Difficult
photosynthesis 0.174430 Difficult
autonomous 0.101053 Difficult
metamorphosis 0.173377 Difficult
synchronization 0.157368 Difficult

Comparison of Complexity Scores Between Simple and Difficult Words
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Figure 3.2: Comparison of Complexity Scores Between Simple and Difficult Words

e Adaptive Performance Monitoring: During practice, the system contin-

uously analyzes user responses on the vocabulary assessment as can be seen
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in 3.1, capturing accuracy rates and error types. This data enables real-time

adjustments to the complexity of vocabulary presented.

e Dynamic Feedback Adjustment: When a user demonstrates proficiency
by answering correctly with high accuracy, the system progressively introduces
more challenging vocabulary. Conversely, when users struggle, simpler words

are offered, coupled with targeted feedback to reinforce learning.

3.2.2 Personalized Word Lists Based on User Performance

The system’s generates a Personalized Word Lists for adaptive feedback by tailoring

vocabulary exercises to the learner’s unique needs. This process is detailed as follows:

e Performance Data Collection: Each session records detailed data, including
correct and incorrect answers, error patterns, and the number of attempts.
This data forms the basis for generating personalized feedback and refining the

learner’s vocabulary path.

e Custom Vocabulary Selection: Using performance data, the system as-
sembles word lists that target areas needing improvement. Words that were
previously challenging for the learner are prioritized for future practice, ensur-

ing focused repetition where it is most beneficial.

=,
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~

Candid
Secretive and hidden
Joyful and happy e
Truthful and straightforward; frank.
[ rrec

® slow-movina

Figure 3.3: Immediate Feedback for Incorrect Answer: Correct definition, synonyms,
antonyms, and examples provided to reinforce understanding.

e Iterative Learning Path Adjustment: The system continually adjusts the

personalized word list based on new performance data. This iterative approach
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allows for progressive difficulty scaling—introducing more complex words as
the user improves, or reinforcing simpler words for sustained practice when

necessary.

Eloquent

Relating to plants

Capable of flying

Correct!

ONEXT

R Vocabuiary w

ks
Q00 00 °

Figure 3.4: Progressive Difficulty Scaling: As the user improves, more challenging
words are presented to ensure steady progress.

The personalized word lists and dynamic difficulty adjustments create a robust
feedback loop that targets adaptive feedback. This system’s design ensures a learning
experience that is both supportive and challenging, encouraging continuous progress

and better vocabulary retention.

3.2.3 Frontend Interface

The frontend interface is designed to be engaging, intuitive, and accessible, align-
ing with Human Computer Interaction (HCI) principles.The interface is developed
using React Native [36], a framework for building native mobile applications using
JavaScript and React. This choice enables cross-platform compatibility and a smooth

user experience on both iOS and Android devices.

Key Features

e Navigation Structure: The application utilizes a tab-based navigation sys-
tem, to organize content into logical sections such as Home, Record, and Re-

sults.

e Recording Functionality: The Record screen allows learners to read aloud

and record their speech. The interface includes a microphone button and visual
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cues to indicate recording status.

e Real-Time Feedback Display: After processing, the Results screen presents

transcription results, readability metrics.

Integration with Backend The frontend communicates with the backend API
to send audio data and receive analysis results. For example, when the learner

completes a recording, the audio file is converted to a base64-encoded string and

sent via a POST request.

Screenshots

The following figures illustrate the user interface of the application:
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Figure 3.5: Home Screen Interface displaying navigation options.

icked it up and held it to the light
her for finding the lost magical

Figure 3.6: Record Screen Interface with recording controls.
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pronunciations and the complete word to aid auditory learmg. This ensures
that learners receive comprehensive support in improvindnéir pronunciation

skills.

3.4 Evaluation and Validation of the Word Complexity Model

To demonstrate the e ectiveness of the word complexity modlemultiple machine
learning algorithms were trained and evaluated using datets discussed in Sec-
tion 3.1.2 The purpose was to identify the most accurate and reliable adel for

predicting word complexity among children aged 6-12.

3.4.1 Model Training and Metrics Explained

Five machine learning models were trained and tested: DeacisiTree Regressor, Lin-
ear Regression, Random Forest Regressor, Gradient BoogtRegressor, and Support
Vector Regressor (SVR). The models were evaluated using thaldwing metrics:

" Root Mean Squared Error (RMSE): Measures the square root of the av-
erage squared di erences between predicted and actual vatu A lower RMSE

indicates better predictive accuracy.

" Mean Absolute Error (MAE): Represents the average absolute di erence
between the predicted and actual values, showing how closegictions are to

the true outcomes.

R-squared ( R?): Indicates how well the model explains the variability of the
target variable. An R? close to 1 signi es that the model accounts for most of
the variability in the data.

3.4.2 Model Performance Results
The performance of each model was as follows:

" Decision Tree Regressor: Achieved an RMSE of 0.0863, an MAE of 0.0419,
and an R? score of 0.5256. This model provided a balance between inter
pretability and performance but lacked the predictive poweof ensemble mod-

els.
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Linear Regression: Showed an RMSE of 0.1220, an MAE of 0.0617, and a
low R? of 0.0516. This indicated that while linear regression calilserve as a
simple baseline, it was not suitable for capturing complexelationships in the
data.

Random Forest Regressor: Demonstrated the best performance with an
RMSE of 0.0684, an MAE of 0.0369, and a stronB? score of 0.7019. Its
ensemble nature, which combines multiple decision treesloaved for superior
accuracy and robustness in handling non-linear relationsgs.

Gradient Boosting Regressor: Performed well with an RMSE of 0.0729,
an MAE of 0.0386, and arR? score of 0.6615. This model's iterative approach
helped it to correct errors from previous iterations, but itstill fell short com-
pared to the Random Forest.

Support Vector Regressor (SVR): Had the highest RMSE of 0.1346, an
MAE of 0.0971, and a negativé&k? score of -0.1541, indicating poor performance
and an inability to generalize well for this task.

3.4.3 Comparison with Benchmarks

Benchmarking the performance of the Random Forest Regresgoessential to under-
stand its competitiveness within the eld of lexical complgity prediction. According
to [24], personalized models in this area often achieve RMS&lues between 0.07
and 0.09, with R? scores typically falling within the range of 0.65 to 0.75. Tis indi-
cates that such models can explain a substantial proportioof the variance in word
complexity while maintaining relatively low prediction erors.

In this context, the Random Forest Regressor, which achiedan RMSE of 0.0684
and an R? of 0.7019, performs well. Its RMSE is on the lower end of the fical
range, signifying that the model's error in predicting wordcomplexity is smaller
than many other models reported in studies. Additionally, ts R? score of 0.7019
positions it within the range seen for competitive modelsndicating it can explain
a considerable amount of the variance in the target data.

Overall, these metrics suggest that the Random Forest Regs®r is on par with
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or even slightly better than some existing models in this doamn, showcasing com-
petitive predictive power and reliability in educational and related applications.
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Chapter 4

Study Design

4.1 Study Overview and Objectives

4.1.1 Purpose of Study

The primary purpose of this study was to gather feedback frormdividuals with
backgrounds in education and caregiving to assess the adaptvocabulary compo-
nent, which was in its development phase, and to gain insighinto how the system
might be improved. By engaging with participants who have eerience in sup-
porting young readers, the study aimed to identify themes lated to the system's
usefulness, and adaptability, and potential areas for re@ment.

4.1.2 Research Questions and Hypotheses

This section presents the key goals guiding the evaluatiori the adaptive feedback
component designed to enhance reading skills in young lears. The study focused
on two primary research goals:

A

Goal 1: Evaluation of the Adaptive Vocabulary Component with Dynamic Dif-
culty Scaling

How feasible is the adaptive vocabulary component in supparg vocabulary
acquisition through dynamic di culty adjustments based on learner perfor-
mance? This goal sought to evaluate the design and usefulmes the adaptive
vocabulary component. By presenting the component to teaels and care-
givers, the study aimed to gather insights on its potentiald enhance vocab-
ulary learning by adjusting word complexity in real time, poviding a more
individualized approach to vocabulary development.
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" Goal 2: Insights on Phonetic-Based Pronunciation Feedback

The study presented the phonetic-based feedback featureteachers and care-
givers, gathering their perspectives on its design and aaijpated e cacy. This
goal focused on understanding how detailed phonetic guidae could assist
young readers in pronouncing challenging words, shapingute iterations of
the system.

4.2 Participant Selection and Consent Process

4.2.1 Eligibility Criteria

Participant pool for this study consisted of individuals wih experience in teach-
ing young children or caregiving. Their insights were esd@l for evaluating the
proposedReading Companion System'sidaptive vocabulary component and gath-
ering suggestions for its phonetic pronunciation featurelhe study aimed to collect
feedback from those with relevant experience to ensure thtdte adaptive feedback
mechanisms were practical and aligned with educational ra=se

The inclusion criteria for participants were as follows:

1. Experience in Teaching or Caregiving in English
Participants were required to have a background in teachingr caregiving for
children aged 6{12, with English as the primary language ofstruction. This
criterion ensured that participants had relevant experiece in educational sup-
port for young English-speaking learners, allowing them tprovide informed
feedback on system usability and potential improvements feupporting chil-
dren's reading skills.

2. Residence in Halifax
To participate in the study, individuals needed to reside ifdalifax, Nova Scotia.
This criterion allowed for the possibility of in-person fdbw-up sessions if needed
and ensured that participants were part of the local educainal or caregiving
community, which is the intended context for the system's itial deployment.
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3. Access to Required Technology for Virtual Participation
Participants were required to have access to a stable inteshconnection, a
computer or mobile device with functioning audio and videoapabilities, and
familiarity with Microsoft Teams, as all sessions were condted on this plat-
form and included audio and video recording. This criterioensured that par-
ticipants could fully engage in the virtual session using #hspeci ed software
without technical limitations.

4. No Pre-existing Professional Relationships
To maintain the objectivity and integrity of the study, participants were re-
cruited independently, ensuring that no pre-existing prassional relationships
(e.g., co-caregivers, teacher-parent relationships) eted among them. This
approach minimizes potential biases that could arise fromueh relationships,
ensuring that feedback is based solely on individual expenices with theRead-
ing Companion System

To further narrow the participant pool and ensure relevantnsights, the following
exclusion criteria were applied:

1. No Relevant Background in Education or Caregiving
Individuals without experience in teaching or caregivingok children were ex-
cluded to ensure that feedback came exclusively from thosettwa practical
understanding of young children's learning needs, partitarly in reading de-
velopment.

2. Potential Con icts of Interest
Individuals who were involved in this research, directly, ere excluded to pre-
vent con icts of interest and to uphold the objectivity and reliability of partic-
ipant feedback.

4.2.2 Recruitment and Consent

A multi-channel recruitment strategy was employed to reaclpotential participants
e ectively. | utilized several methods to connect with indviduals meeting the eligi-
bility criteria. The study was approved by Research Ethics Bard REB# 2024-7195,
as detailed in Appendix7.
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Dalhousie Campus Outreach

| set up a recruitment table at the Dalhousie Student Union Buding (SUB) to
engage with students and sta in person. | distributed yersand discussed the
study with individuals who expressed interest. This on-capus interaction allowed
me to provide immediate answers to questions and encouragjgible participants or
those who knew someone interested to participate.

DalU Mobile Application

To reach the Dalhousie student community speci cally, | pagd information about

the study on the DalU Mobile Application. Posts were made on # Dalhousie
Student Feed as well as sections dedicated to surveys, catse and research. This
platform enabled me to reach a diverse group of students withthe university who

met the eligibility requirements.

Consent Process
4.2.3 Compensation and Con dentiality

Participants were compensated with a nominal amount &15 for their time. Com-
pensation was issued electronically through e-transferlifawing the completion of
the session.

To protect participant con dentiality, all data collected was anonymized, with
identifying information removed before analysis. Recordedata was securely stored
on Dalhousie Sharepoint[52], accessible only to myself amy supervisor, in com-
pliance with Dalhousie University's Research standards. &eAppendix 7 for the
Consent form.

4.3 Study Preparation

4.3.1 System Setup and Testing

Prior to participant sessions, theReading Companion Systemwas thoroughly pre-
pared and tested to ensure a seamless presentation. The wessvith participants
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was individual and included a presentation and demonstrain of the Reading com-
panion system. This presentation contained slides introding the project's goals,
the background of the study, connections to Nova Scotia's ecational standards, and
detailed visuals of the system's frontend and backend funchalities. The demon-
stration included system interfaces, such as the vocabwaand comprehension sce-
narios, showcasing how the system provides early and adagtifeedback tailored to
the user's performance. This was illustrated through screshots and a recorded
video walkthrough of the Reading companion system, emphaisig the importance
of vocabulary as part of the early feedback needed to suppgung readers.

To ensure compatibility and quality, the entire setup was tsted on Microsoft
Teams to con rm that all audio, video, and screen-sharing fictions performed op-
timally during the virtual sessions.

4.4 Study Procedure

4.4.1 Session Outline

Each session followed a structured outline designed to intluce participants to the
study, present the system features, and gather their feedtiathrough targeted inter-
view questions. Sessions were conducted online via MicfbS@ams and lasted ap-
proximately 40-45 minutes, encompassing the study purpokge ng, system demon-
stration, feedback collection, and closing remarks.

4.4.2 Introduction and Brie ng

At the beginning of each session, participants were greetedd briefed on the ses-
sion's structure. The introduction aimed to establish the antext for the study and
ensure that participants were comfortable with the sessigorocess.

Study Purpose Explanation

| began by explaining the study's purpose, emphasizing theals of developing adap-
tive feedback mechanisms for vocabulary support and creagj a structured pronun-
ciation guide for children's reading education. This explation helped participants
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understand the objectives and the relevance of their feedt¥ato improving the sys-

tem's design and usefulness.

Consent Con rmation

Participants were asked to con rm their consent to participte in the study and to
have the session audio and video recorded. They reviewed ahgitally signed both
the consent form and the participation payment form, as ouithed in Appendices7
and7. Once consent was con rmed, the session proceeded to theisgspresentation.

4.4.3 System Presentation

The system presentation provided a comprehensive walkthrgh of the key features
of the Reading Companion Systeml shared my screen via Microsoft Teams, using
a prepared presentation that included screenshots and a el demonstration of the

application's interface and functionalities.

Demonstration of Early and Adaptive Feedback Features

| began the presentation with a demonstration of the systemm'adaptive feedback
components, these included primarily the vocabulary and pnunciation modules.
Particularly, participants were shown how the system adjus vocabulary di culty

based on the user's reading level and performance, provigireal-time adaptive feed-
back for vocabulary enhancement. Figurd.2 illustrates the pronunciation feedback

interface.

Overview of Vocabulary and Pronunciation modules

Next, | guided participants through the comprehension, vodailary, and pronunci-
ation modules, which are integral to developing essentia¢ading skills for children
aged 6-12. These modules were showcased as part of the systapproach to provide
early adaptive feedback. This included:

" Vocabulary module: lllustrated interactive vocabulary word quizzes, de -
nitions, and examples, which are adjusted based on the useperformance to
reinforce vocabulary learning. See Figuré.3.
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4.6 Data Analysis

4.6.1 Thematic Analysis and Initial Processing

To analyze the qualitative data collected from the participnt interviews, | employed
a manual thematic analysis approach [8]. The process begaithatranscribing the
audio recordings from each session, which were capturedngsiMicrosoft Teams.
However, the initial automatic transcripts generated by Micosoft Teams contained
inaccuracies, particularly with technical terms and varié accents of participants. To
address these inaccuracies, | manually reviewed and cotegceach transcript using
Microsoft Word to ensure accuracy and completeness.

Once the transcripts were nalized, | immersed myself in thelata by reading
through each transcript multiple times to familiarize mys# with the content and to
begin noting initial impressions and potential patterns. Dring this phase, | made
preliminary notes on signi cant statements, ideas, and caepts mentioned by the
participants.

4.6.2 Qualitative Data Organization
Theme Categorization

The next step involved systematic coding of the data. | trarierred the partici-
pants' responses into a Microsoft Excel spreadsheet, organg the data such that
each row represented a participant's response to a speci a&gtion, along with their
participant ID, question category, and question number. Tis structured organi-
zation facilitated easy navigation and comparison across erent participants and
questions.

| began open coding by carefully reading each response ansigsing initial codes
that captured the essence of the participants' statementslhese codes were descrip-
tive labels re ecting key concepts, suggestions, or obsatwns. For example, codes
such as"Use of multiple images, "Incorporate animations”, "Positive reinforce-
ment", "Breaking down complex words"and "Gami cation through point systems"
were identi ed.

In total, | generated over 50 initial codes across all partijgant responses. To
manage these codes e ectively, Initially, 1 grouped them uter broader categories
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corresponding to the question categoried/ocabulary, and Pronunciation.

Grouping and Re ning Themes

After the initial coding, | proceeded to collate codes into pgential themes by group-
ing similar or related codes together. | used Excel's Iteng and sorting features to
cluster codes and identify patterns. For instance, codeslaged to visual elements,
such as"Use of images', "Use of colors", and "Use of animations/videos", were
grouped under a broader theme o¥isual Elements

To further re ne the themes, | created a hierarchical struatre consisting of Level
1 themes, Level 2 sub-themes, and Level 3 speci ¢ aspects.isThierarchical organi-
zation allowed for a detailed and nuanced understanding dfi¢ data. The following
table 4.lillustrates the thematic hierarchy with corresponding paticipant quotes:

This process was iterative, involving constant comparisobetween the codes,
themes, and original data to ensure consistency and valigit Some themes were
merged, and others were re ned to better represent the dataFor example, the
initial themes of Positive Reinforcementand Reward Systemswere grouped under
the broader theme offFeedback Mechanisms .

The identi ed themes and sub-themes, along with participanquotes, are pre-
sented in detail in the Results section. This analysis process ensured that the re-
sults remained grounded in participants' responses, praiing a comprehensive un-
derstanding of their feedback.



56

Table 4.1: Hierarchical Themes with Participant Quotes

Level 1 Level 2 Theme Level 3 Theme Participant Quote

Theme

Visual Ele-  Use of Images Multiple images for \Incorporate multiple pic-
ments words tures or even cartoonish

Use of Colors Highlight key words
with colors

Use of Anima- Animated characters
tions/Videos

videos to represent words,
rather than relying on a single
image."

\Highlight key de nitions
with di erent colors to make
them stand out."
\Recommended introducing
an animated character that
interacts with the child dur-
ing reading."

Interactive Gami cation Point-based rewards
Elements

Interactive Exercises Mix-and-match
games

\Use a point system to reward
children based on their perfor-
mance, especially if they are
doing well."

\Add a mix-and-match game

with words and pictures to re-

inforce vocabulary learning."

Feedback Positive Reinforce- Encouraging feed-
Mechanisms ment back even if incorrect

Reward Systems Star-based ratings

\Provide positive feedback
even when the answer is
wrong, using encouragement
to avoid discouraging the
child."

\Implement a star-based rat-
ing system after each assess-
ment to gauge diculty and
satisfaction."

Pronunciation  Breaking Down Syllable breakdowns
Support Words

Visual Aids Mouth movement vi-
suals for pronuncia-
tion

\Break down complex words
into smaller parts (e.g., break-
ing “airplane' into “air' and
‘plane’).”

\Use videos showing mouth
movements and pronouncing
sounds like "R' or °S'."
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Chapter 5

Results

This section presents the ndings from the study conductedat evaluate the useful-
ness of the Reading Companion System). To do so we speci gadlvaluated system's
adaptive vocabulary component and the phonetic-based pranciation support fea-
ture in the . The results are organized to address the reselrguestions (RQs):

The ndings are based on thematic analysis of participant sdback, integrating
direct quotes to illustrate key points. Percentages are ug¢o quantify the prevalence
of themes among participants, and tables and gures are inaded to visualize the
data.

5.1 Study Population Demographics

Gender and Age

The study population consisted of 14 participants, with a ditribution of 57% women
(8 out of 14) and 43% men (6 out of 14). Although the recruitmenstrategy did not
control for gender, this near-equal distribution provideda balanced perspective on

the characteristics being studied.

Participants ranged in age from 20 to 40 years old. The majtyifell within the
20{30 age bracket, comprising 57% of the participants (8 owtf 14), while the 30{40
age group represented 43% (6 out of 14). This age distributi@nsured that insights
were gathered from individuals with varying levels of exp&mnce in teaching or caring
for children aged 6{12.
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Roles

Among the participants, 64% (9 out of 14) were teachers, and @6(5 out of 14) were
parents. This composition allowed for a comprehensive ewation of the system from
both educational and caregiving perspectives.

5.2 Evaluation of Adaptive Vocabulary Feedback Component

5.2.1 Analysis of Themes and Coding Process

In order to address the rst research question (RQ1), | condited a thorough the-
matic analysis of participant interviews. The data was sysimatically coded, and
recurring themes were grouped into hierarchical structuseto capture the key ele-
ments in uencing vocabulary acquisition. These themes, ganized using an iterative
process, includedvisual Elements , Feedback Mechanisms , and Personaliza-
tion . This approach allowed me to identify patterns and support ;m ndings with
direct participant quotes.

5.2.2 Visual Elements

Visual elements emerged as a signi cant theme, with 79% of piipants (11 out
of 14) emphasizing their role in supporting vocabulary leaing and sustaining en-
gagement. The system's design incorporates visual enhaments to achieve this
goal.

Use of Images

The system's incorporation of images to represent words well-received. Partici-
pants highlighted that using multiple images or videos for wrd representation aids
in comprehension and retention.

\Incorporate multiple pictures or even cartoonish videos to represent words,
rather than relying on a single image.'(P003)

This feedback aligns with the system's use of varied visuabmtent to ensure
learners can associate words with their meanings throughetient contexts. Realistic
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pictures were also seen as bene cial for maintaining attanh and making abstract
concepts more tangible:

\Adding pictures or videos with actions would help hold children's atten-
tion... Realistic pictures could be especially helpful (P0O07)

Use of Colors

The use of colors to highlight vocabulary was another e eaté visual strategy noted
by participants. The system's ability to emphasize key de itions and terms with
color di erentiation was mentioned as a standout feature.

\Highlight key de nitions with di erent colors to make them stand out."
(P002)

Associating colors with concepts was also suggested as a teghe to enhance
memory, which the system currently supports through its cokr-coded vocabulary
lists.

\Adding more colors, such as associating colors with words (e.g., 'apples’
in red) can help children understand better by linking colors to concepts."
(P008)

Use of Animations

Animations and videos were viewed as tools for engagement abdtter compre-
hension. The system's inclusion of animated backgrounds svaeen as an essential
component for maintaining interest and reinforcing learmg.

\Recommend introducing an animated character that interacts with the
child during reading." (P004)

Short videos were noted as useful for reinforcing understiing for future devel-
opment.

\Including short videos related to the comprehension passage would help
children better understand the text after reading it."(P0O09)
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5.2.3 Feedback Mechanisms

Feedback mechanisms were a signi cant focus, with 86% of paipants (12 out of
14) noting their importance in vocabulary learning. The syem's adaptive feedback

provides immediate, constructive responses.

Positive Reinforcement

Providing positive feedback, even when a learner makes a tale, was highlighted
as crucial. The system's design incorporates multiple typeof feedback to maintain

motivation and reduce discouragement.

\Provide positive feedback even when the answer is wrong, using encour-
agement to avoid discouraging the child.(P012)

Supportive language within feedback was also suggestedgaing with the sys-
tem's goal to inspire improvement through encouragement:

\Feedback should be encouraging, using a scorecard or reward system."
(P001)

Ease of Use and User Engagement

Ease of use emerged as a critical theme in participant feedka with various ele-
ments of the system being praised for their simplicity and aessibility. The system's
intuitive design was highlighted as a major factor in ensumg user engagement and
reducing potential barriers to learning.

The system's streamlined interface, with clearly de ned stions for vocabulary,
and pronunciation, was noted for being easy to navigate fohidren. Participants
appreciated how the design avoided overwhelming users wigcessive options, in-
stead o ering a structured and straightforward learning p#h.

"The design is simple, which is suitable for children. It doesn't overwhelm
them with too many options, and the three clear areas (vocabulary, pro-
nunciation) make it easy for children to navigate and understand what
they need to do."(P011)
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5.2.4 Adaptive Content Feature

The adaptive nature of theReading Companion Systemwvas recognized by 64% of
participants (9 out of 14) as important for e ective adaptive vocabulary support.
The system's ability to adjust content based on user perforamce was acknowledged.

Adjusting Di culty Level

The adaptive content feature, which adjusts di culty based on performance, was
seen as a critical system component due to its ability to creaa tailored learning ex-
perience that meets the needs of each individual user. Thesature allows the system
to dynamically respond to the learner's progress, preseny content that is neither
too challenging nor too simplistic. By adapting in real-tine, the system ensures that
children remain engaged without feeling overwhelmed, prating sustained interest
and continuous improvement in their vocabulary developmén This adaptability
was especially valued by participants who believed that psonalized learning paths
cater to di erent learning speeds and abilities, thereby memizing the educational
bene t for each learner.

\The model will reduce the di culty to go to the most basic level.'(P006)

5.3 Evaluation of Adaptive Phonetic-Based Pronunciation Feedback

The phonetic-based pronunciation feedback feature of thgstem was evaluated pos-
itively, with participants emphasizing its potential to erhance pronunciation practice
for young learners. This feature was noted for providing dailed, step-by-step guid-
ance that helps children understand and improve their promgciation skills through
targeted feedback. By breaking down complex words into mageable phonetic seg-
ments, the system o ered a structured approach to pronundci@n that approximately
70% (10 out of 14) participants found helpful.
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5.3.1 Breaking Down Words and Syllables

A key component of the phonetic-based feedback was its atyilio break down words
into smaller syllables, which participants highlighted asn e ective strategy for aid-
ing pronunciation. For example, participant feedback indiated that children bene-
ted from seeing complex words split into smaller, easiemtpronounce parts. This
breakdown helps demystify longer or more di cult words, enhling children to learn
them more con dently and accurately.

\Break down complex words into smaller parts (e.g., breaking "airplane’
into "air' and “plane’) to help children learn pronunciation step by step."
(POQ7)

Participants agreed that this breakdown approach not only ids in initial pro-
nunciation attempts but also reinforces correct pronuncteon through repetition and
practice. This would make the feedback useful by providingep-by-step phonetic
guidance to young readers.

5.3.2 Multi-Modal Feedback Integration

In addition to breaking down words into syllables, particignts emphasized the im-
portance of combining auditory and visual cues to reinforcpronunciation. The
system's ability to provide synchronized audio playback oforrect pronunciations,
paired with visual highlights for each syllable, was vieweds a key strength.

\Hearing the syllable while seeing it makes it easier to connect the sound
to the text." (P009)

This multi-modal feedback ensures that learners receiveraprehensive support,
enhancing their ability to link visual representations wih auditory information.

5.3.3 Dynamic Adaptation Beyond Syllable Breakdown

Participants highlighted the value of dynamic di culty scaling, not just in vocabu-
lary tasks but also for pronunciation. They noted that enabihg learners to adjust the
di culty level for pronunciation exercises would enhance prsonalization and engage-
ment. This feature could allow beginners to practice with sipler phonetic patterns,
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while more advanced learners could challenge themselveshwaomplex words and
nuanced pronunciations.

\Pronunciation should adjust based on di culty level, and children should
be repeatedly tested.(P008)

The system's existing dynamic di culty scaling for vocabubry could be extended
to pronunciation tasks, ensuring a consistent and adaptabllearning experience
across both components. This approach would make pronuntia exercises more
accessible for younger learners while o ering su cient chenge for those with higher
pro ciency levels.
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Chapter 6

Discussion

The overall research aimed to develop and evaluate thiiReading Companion Sys-
tem to enhance reading practice with early and adaptive feeddathrough adaptive
feedback mechanisms, focusing on vocabulary acquisitiondaphonetic-based pro-
nunciation support. This study constituted an assessmentf aiser perception of the
system through qualitative feedback from educators and aagivers. The evaluation
provided insights into how the system's features support dg literacy development
to improve development robustness for future iterations. Bteover, this study served
as an initial pilot to understand the user experience, ideify practical challenges,
and gather suggestions for re ning the system's adaptalifi and user engagement
features.

6.1 Comparative Analysis with Existing Systems

To highlight the advantages of theReading Companion Systemit is important to
compare it with existing systems known for their approache® supporting literacy
development. This comparative analysis includes an exanaiion of the Edmark
Reading Program, the Amira System, and Reading Eggs, with ados on how the
Reading Companion Systemsurpasses these platforms in adaptability, pronunciation
feedback, and personalized learning paths.

6.1.1 Edmark Reading Program

The Edmark Reading Program (ERP) is well-regarded for its stictured, sight-word
approach, which is e ective for students who face challeng&ith phonemic awareness
or decoding. It uses repetition and positive reinforcememb guide students through
sequential lessons that build whole-word recognition slkdl While ERP includes
visual aids like ashcards and progress charts, it lacks admced features for adaptive
learning and phonetic-based pronunciation support.
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Comparison with the Reading Companion System: While ERP empha-
sizes whole-word recognition, it does not incorporate theydamic feedback and adap-
tive learning paths provided by theReading Companion SystemThe Reading Com-
panion Systemnot only adjusts vocabulary di culty based on learner perfamance
but also includes a comprehensive pronunciation supportateire that breaks down
complex words into manageable phonetic segments. This tatgd guidance helps
learners build both recognition and pronunciation skills,lling a gap left by ERP's
traditional, non-adaptive format. In contrast, the Reading Companion Systeno ers
a more comprehensive learning experience by integratingagdive feedback mecha-
nisms that adjust the content based on user performance. Thensures continuous
engagement and e ective learning, as opposed to ERP's xetinear approach that
may not cater to all learning styles or di culties.

6.1.2 Amira System

The Amira System employs advanced Al-driven technology and NLB enhance
reading uency and comprehension. It provides immediate éelback during read-
ing sessions, helping children correct errors and improvieir reading skills. While
Amira adapts its sessions based on the student's overall p@rhance, it relies on pre-
de ned interventions, which can limit its ability to o er tr uly individualized learning
experiences, especially in pronunciation feedback.

Comparison with the Reading Companion System: The Reading Compan-
ion Systemprovides a more detailed approach compared to Amira in its phetic-
based pronunciation feedback. While Amira o ers basic erroroerection, it does not
delve into segmenting complex words into syllables or praling step-by-step guid-
ance for pronunciation improvement. Participants in the eauation noted that this
feature in the Reading Companion Systerwas crucial for supporting young learners
in mastering pronunciation through real-time, actionablefeedback as reference in
Section 5.3

The Reading Companion Systenprovides early and adaptive feedback that re-
sponds to the unique pronunciation di culties of each learer. By breaking down
words into syllables and using visual and audio cues, it enss that learners receive
precise guidance on how to articulate words correctly. Thisvel of support, which is
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lacking in the Amira System, contributes to deeper learningral improved language
skills.

6.1.3 Reading Eggs

Reading Eggs is an interactive literacy program aimed at yog learners, incorpo-
rating gami ed activities to promote phonics, vocabularyand comprehension skills.
Its use of repetitive exercises and positive reinforcemekeeps children motivated,
but its structured, repetitive approach may not cater to alllearning styles and can
limit the personalization of the learning experience.

Comparison with the Reading Companion System: While Reading Eggs
successfully engages children through its gami ed desigh,lacks dynamic content
adjustment based on real-time performance data and advamt@honetic support.
The Reading Companion Systenmot only incorporates engaging elements but also
tailors its di culty to the learner's current level, ensuring a personalized learning
path. Moreover, its phonetic-based feedback feature supppronunciation in a way
that Reading Eggs does not. However, ThReading Companion Systengoes beyond
the static structure of Reading Eggs by incorporating adapte learning paths that
adjust content di culty based on user performance and prowing detailed phonetic
feedback. This combination enhances not just word recogitit and comprehension
but also the learner's ability to articulate and pronounce aw vocabulary, fostering
both uency and accuracy.

6.2 Interpretation of Results

The results from the evaluation of theReading Companion Systemhighlight its
potential usefulness in delivering adaptive vocabulary pport and detailed phonetic-
based pronunciation feedback for young learners. These comnes align with the
literature that highlight the value of adaptive learning technologies in enhancing
educational experiences [28, 42].
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6.2.1 Adaptive Vocabulary Feedback Component

The adaptive vocabulary component proved useful in providg tailored content that
matched each learner's pro ciency. This feature's e cacys supported by ndings in
the literature emphasizing the importance of adaptive leaing paths in maintaining
student engagement and promoting skill acquisition [18]. Aording to the SOLAR
framework, language competence, including accurate corepension, is central to ef-
fective reading acquisition. The integration of adaptivededback mechanisms in the
Reading Companion Systensupports both decoding and language comprehension,
thereby fostering a more robust reading process. The systesmuse of dynamic di -
culty scaling, as detailed in Sectior8.2, allowed real-time adjustments that ensured
a balanced learning challenge. This is in contrast to traddnal methods like the
Edmark Reading Program, which employs a xed, linear apprad lacking real-time
adaptability [43].

Participants noted that visual elements such as color-codesocabulary and the
use of images were integral in supporting comprehension aadgagement. This is
consistent with research ndings that highlight how visuafeedback enhances learning
by making complex information more accessible [45, 4]. Theclusion of immediate,
positive reinforcement, as described in Sectiah4.3 aligns with best practices for
maintaining learner motivation and reinforcing positive lehavior [3, 27].

6.2.2 Phonetic-Based Pronunciation Feedback

The phonetic-based pronunciation feedback module was avaled positively for its
step-by-step guidance in breaking down complex words intyl&bles, facilitating
better pronunciation practice. This feature mirrors the inportance of guided oral
reading practices discussed in Sectigh5.1, where immediate, corrective feedback is
shown to improve uency and pronunciation [40].

Unlike systems such as the Amira System, which provides basitag correction
but lacks in-depth phonetic analysis [2], theReading Companion Systeno ers de-
tailed feedback that highlights correct and incorrect segmes of pronunciation. The
multi-modal approach|using both visual and auditory cues| supports ndings that
feedback combining these elements fosters improved leaghioutcomes [10]. This
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comprehensive feedback structure was well-received by papants, who appreci-
ated the clear, actionable guidance it provided.

6.3 Implications for Reading Education

The ndings have signi cant implications for reading educéon, particularly in sup-
porting early literacy development. By integrating adaptve and phonetic-based
feedback, theReading Companion Systenaddresses key gaps identi ed in existing
tools [2] often lack personalized feedback and dynamic laarg paths.

Immediate and adaptive feedback mechanisms, as employedthg system, are
crucial for young readers who benet from real-time corregin and reinforcement.
This approach aligns with studies that highlight the usefuless of immediate feedback
for foundational learning, particularly in early reading sages [48, 39]. The detailed
phonetic feedback further supports learners, who may strgte with pronunciation
nuances. As mentioned in Sectior3.3 providing segmented audio practice aids
learners in mastering pronunciation step-by-step, promistg uency through early
adaptive feedback.

6.4 System Limitations and Challenges

Despite the contributions of this study, several limitatims should be considered when
interpreting the ndings:

1. Interface and Gami cation: While the system's interface was designed to be
intuitive and engaging, participants noted that it could beenhanced with addi-
tional interactive and gami ed elements. For example, inaporating progress
trackers, badges, and animations could make pronunciaticend vocabulary
practice more engaging, particularly for younger learnerd hese features were
not fully developed during this phase of the study, limitingthe scope of user
feedback on engagement strategies.

2. Limited Participant Pool: The study relied on a participant pool composed
primarily of educators and caregivers. While their insightgrovided valuable
perspectives on system usability and potential educatiohanpact, the lack of
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diversity in the participant sample may a ect the generaliability of ndings.
Speci cally, the absence of children meant that direct fedxhck from the in-
tended end users was not captured. This is a critical limit&dn, as children's
responses and interactions with the system might di er sigrcantly from those

of adult participants.

3. Linguistic and Cultural Diversity: The participant sample lacked repre-
sentation from diverse linguistic and cultural backgrounsl This limitation
restricts the study's ability to evaluate the system's adagability and accessi-
bility for learners with di erent native languages, accers, or cultural contexts.
Future research should aim to address this gap by includinguttilingual sup-
port and testing the system's e ectiveness in diverse sefigs.

4. Single Round of Interviews: Due to time constraints, the study included
only one round of interviews. This limited the depth of feeddck collected and

reduced opportunities for iterative system re nement.

5. Technical and Usability Aspects: Some technical aspects of the system,
such as the performance of the word complexity model or the @oacy of
phonetic feedback, were not fully evaluated by end users.

6.5 Future Work and Research Directions

Future research should expand the scope of evaluations talnde a planned quan-
titative study that measures the system's impact on readinguency and vocabulary
acquisition over a longer period. Longitudinal studies cddi provide deeper insights
into how the adaptive feedback mechanisms in uence readirdgvelopment and re-
tention, as discussed in Sectiod.1

Enhancements to the system could also include more gami eddtures to main-
tain high levels of engagement, particularly in pronuncian practice. Interactive
games and rewards could align with participant suggestiomsmd ndings, which em-
phasize the motivational bene ts of gami cation [22]. Addiionally, including sup-
port for translations or contextual help in native languags for diverse learners would
address a broader range of educational needs.
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Collaboration with schools and educational institutions eculd facilitate larger-
scale testing and yield more comprehensive data to guide theer system re nement.
Future studies should consider more diverse participant gups, including students
with speci c learning challenges, to better understand hovthe system's adaptive
features can be tailored to di erent educational contexts.

In summary, while theReading Companion Systerhas demonstrated to be useful
and feasible for enhancing reading practice through adap#i feedback, addressing its
current limitations and incorporating broader user feedhzk will be essential for its
continued development and e ectiveness in reading educati.
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Chapter 7

Conclusion

This research addresses the limitations in existing edudanal technologies for read-
ing practice by developing a feedback-driven system taikd for young learners aged
6{12. The Reading Companion Systenfocuses on two primary areas:. adaptive vo-
cabulary feedback and phonetic-based pronunciation suppo These components
aim to provide personalized, actionable, and engaging féadk to enhance vocab-
ulary acquisition and improve pronunciation skills. A quatative study involving
educators and caregivers evaluated the system's featuras;luding its dynamic dif-
culty scaling, personalized feedback mechanisms, and pietic segmentation for
pronunciation guidance.

The adaptive vocabulary feedback demonstrated the systesnpotential to cre-
ate personalized learning paths that dynamically adjust t@ach user's performance.
Participants highlighted the use of visual elements, suchsacolor-coded vocabulary
lists and diverse images, as e ective strategies for enhamg engagement and com-
prehension. The system's phonetic-based pronunciatioreféback allowed learners to
break down complex words into syllables and receive actidsla guidance through
multi-modal feedback combining audio and visual cues.

The study ndings emphasize the importance of adaptive febadck in educational
systems, particularly in sustaining learner engagement drfostering improvement
in foundational literacy skills. While the system showed pmise in its ability to
personalize and enhance reading practice, the study als@ealed areas for improve-
ment. For instance, expanding gami ed features, re ning fedback mechanisms, and
incorporating more diverse linguistic and cultural suppdrwould enhance the sys-
tem's usability and inclusivity. Additionally, the absence of direct feedback from
children|the primary end users|represents a limitation th at future studies must
address.

Conclusively, this research demonstrates the usefulnedsimtegrating adaptive
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feedback mechanisms into educational tools for young leams. By o ering dynamic
vocabulary adjustments, phonetic-based pronunciation glance, and personalized
learning paths, theReading Companion Systenaddresses key gaps in existing tools.
These contributions highlight its potential to create engging and e ective learning
environments that support early literacy development.
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