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Figure 1: WordBond Facilitates Shared Reading Between Visually Impaired Parents and Sighted Children.

Abstract

This paper introduces WordBond, an innovative Al-driven assistive
tool designed to support visually impaired parents (VIPs) in shared
reading with their sighted children. Existing assistive tools often
fail to preserve the intimate parent-child voice bond, forcing VIPs
to rely on impersonal synthetic voices. WordBond addresses this by
leveraging a suite of technologies—including low-light optimized
OCR (EasyOCR), an LLM-based correction module, and interactive
hand-tracking—to detect content pointed to by the child and pro-
vide reading assistance in the parent’s own voice. We present a
functional prototype supported by an iterative user study (pilot and
final evaluation, n=7 blindfolded participants simulating VIPs). This
evaluation demonstrates the system’s ability to facilitate prompt

“Corresponding author

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.

ICHEC °25, Singapore

© 2025 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 978-1-4503-XXXX-X/2025/xx

https://doi.org/XXXXXXX.XXXXXXX

and personalized responses to user interaction, promoting natu-
ral and unscripted storytelling flow. WordBond’s human-centered
design approach showcases the potential to reduce cognitive load
and enhance the quality of the shared reading experience, while
highlighting critical areas for future usability optimization.
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1 Introduction

Shared reading is a well-established critical practice that fosters
early literacy, enriches vocabulary, and stimulates imagination in
children. Beyond these cognitive and linguistic benefits, shared
reading carries profound affective and social value, serving as a
primary mechanism for strengthening parent-child bonds through
shared experiences and emotional closeness [24]. Parental involve-
ment in this activity promotes lasting engagement with books and
nurtures deep relational connection [23].

However, these crucial developmental opportunities are not
equally accessible to all families. Visually impaired parents (VIPs)
face significant systemic barriers to engaging in spontaneous shared
reading with their sighted children. These challenges include the
limited availability of accessible tactile formats (e.g., braille), docu-
mented low braille literacy rates among the VIP population, and
crucially the functional shortcomings of existing assistive technolo-
gies [28].

Existing solutions such as screen readers and digital audiobooks
often prioritize information access over relational intimacy. Al-
though effective for independent consumption, these tools rarely
preserve the natural voice of the parents, which is widely con-
sidered central to the intimate, relational experience of reading
aloud [26]. The reliance on impersonal synthetic voices fundamen-
tally undermines the emotional connection and natural flow of
storytelling that parents actively seek to maintain [9]. Furthermore,
while current Al-powered accessibility tools, such as Microsoft’s
Seeing AI [16] for object recognition and WeWALK [5] for nav-
igation, are highly effective in structured domains, they remain
ill-suited for the dynamic low-light environment of a shared read-
ing context, often struggling with varied fonts for children’s books
and fluctuating lighting conditions [31].

In response to this critical gap, this paper introduces WordBond,
an Al-powered interactive system designed to empower visually
impaired parents to engage in personalized, real-time storytelling
with their sighted children. WordBond integrates optical character
recognition (OCR) optimized for poor lighting, a corrective Large
Language Model (LLM), and real-time interactive hand-tracking
to detect content pointed to by the child. This novel combination
bridges accessibility barriers while deliberately prioritizing the
intimacy of shared reading. By enabling parents to rehearse, recall,
and deliver stories in their own voices, WordBond goes beyond mere
functional accessibility to cultivate a richer and more emotionally
resonant parent-child experience.

Through an iterative design process informed by human-centered
principles, we developed and evaluated a functional prototype with
blindfolded sighted participants simulating VIP use. Our findings
reveal both the promise and the interactional challenges of Al-
enhanced shared reading, pointing toward design refinements such
as segmented audio feedback and dedicated rehearsal phases to
support a more natural and less cognitively demanding storytelling
experience. Ultimately, this work contributes to the design of in-
clusive assistive technologies that emphasize not only usability but
also the affective and relational dimensions of family interaction,
extending previous research on accessible co-reading [9].
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2 Background and Related Work

This section provides the necessary background for our work by
first establishing the affective and cognitive importance of shared
reading within the family unit (Section 2.1). We then detail the
unique accessibility challenges faced by visually impaired parents
(VIPs) and their current coping mechanisms (Section 2.2). Next, we
review the landscape of accessible Al and assistive technologies
(Section 2.3). Finally, we articulate the critical gap in existing solu-
tions that fail to support intimate, parent-led co-reading, thereby
motivating the design of WordBond (Section 2.4).

2.1 The Affective and Cognitive Value of
Shared Reading

Reading aloud is a practice of significant developmental importance,
fostering a child’s cognitive and linguistic growth. Studies consis-
tently demonstrate that shared reading enhances language and vo-
cabulary skills while accelerating the development of pre-literacy
abilities essential for reading and writing [23, 26, 36]. Furthermore,
it is shown to activate brain regions associated with mental imagery
and narrative comprehension [18, 24, 28].

Beyond the cognitive domain, research highlights the profound
affective and relational benefits of parental involvement. When par-
ents employ strategies such as connecting the story with the child’s
life or asking open-ended questions, it significantly improves the
development of language and literacy of the child and cultivates a
lasting interest in reading [1, 2]. Crucially, shared reading is a pow-
erful mechanism for strengthening the parent-child relationship,
creating a focused shared activity that deepens emotional bonds
and closeness [8].

2.2 Accessibility Challenges and Coping
Strategies for Visually Impaired Parents
(VIPs)

Despite the profound benefits, these intimate moments are not uni-
versally accessible. Visually impaired parents (VIPs) face significant
structural barriers when trying to read with their sighted children.
Only a small fraction of children’s books are available in accessible
formats (e.g., braille or audio), and limited braille literacy among
VIPs further restricts access to these resources [9, 14, 31].

Existing research, though limited, offers valuable insights into
the needs of this user group. VIPs consistently place a high value
on the intimate experience of reading to their children and over-
whelmingly prefer to use their own voices to maintain a strong
emotional connection, often viewing their voice as central to the
relationship [6].

The literature outlines several coping strategies currently em-
ployed by VIPs:

e Braille Books: A standard but problematic solution, as util-
ity is restricted by low braille literacy rates in many geogra-
phies [27].

e Child-Led Reading: Encouraging older children with
stronger reading skills to take the lead; however, this post-
pones engagement and shifts the parental role [7].

e Memorization: VIPs often prepare by reading accessible
versions in advance to memorize the text, enabling them to
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recite the story later, This method is highly labor-intensive
and limits spontaneous interaction [10].

2.3 Accessible AI and Assistive Technology for
Visual Impairment

The field of accessibility has seen rapid growth with innovative
technology designed to enhance independence for visually impaired
individuals. Solutions fall primarily into two categories:

General Accessibility Tools: These focus on mobility and daily
living. Examples include BlindSquare [34], a navigation app that
combines GPS with public data sources (such as Foursquare and
OpenStreetMap) to provide a real-time environmental context. Sim-
ilarly, Dot Watch [11] uses a tactile braille interface for commu-
nication, and Be My Eyes [3] connects blind users with sighted
volunteers through live video for immediate visual assistance.

Al-Powered Perception Tools: The introduction of Artificial
Intelligence (AI), specifically deep learning models, has enabled
context-aware applications with personalized features. Solutions
such as the WeWALK Smart Cane 2 [5, 38] integrate sensors and
a voice assistant for real-time surroundings information. The En-
vision App and Glasses [37] leverage Al to describe objects, text,
and scenes. Most notably, Seeing AI [12, 16] utilizes Optical Char-
acter Recognition (OCR) and text-to-audio models to provide rapid
auditory descriptions of text, objects, and people.

2.4 The Gap: Limitations of Current Al in
Relational Contexts

While the Al solutions described in Section 2.3 are powerful tools
for independent task completion, literature shows that the target
group has a decidedly unfavorable opinion on using them for shared
reading activities [20]. The core issue is a misalignment between
technology design and relational need.

Specific limitations include: The OCR models in these applica-
tions typically struggle with the decorative fonts, non-linear lay-
outs, and complex imagery common in children’s books [21]. Their
performance and accuracy are highly dependent on ideal lighting
conditions, which is often not the case during bedtime reading [22].
Most critically, these applications provide direct, synthesized audio
feedback. This functionality does not meet the requirement of read-
ing with the parent’s own voice, which is highly valued by VIPs for
maintaining emotional closeness [4].

Therefore, current commercial and research demos fundamen-
tally fail to support shared reading because they prioritize the deliv-
ery of content over the preservation of the parent-child voice bond.
This paper addresses this specific, high-value gap by exploring the
design of an Al-enhanced system that assists with technical access
while foregrounding the intimacy of natural storytelling.

3 Design Implementation

3.1 System Overview

We developed WordBond, a mobile assistive technology built to
fundamentally enhance the shared reading experience for visually
impaired parents (VIPs) and their sighted children. Unlike existing
accessibility solutions that prioritize information delivery, Word-
Bond’s core objective is to foster a meaningful and interactive

parent-child connection by emphasizing the use of the parent’s
own voice. This design choice directly addresses the critical gap
identified in the literature regarding the preservation of the emo-
tional voice bond.

WordBond is designed to be versatile and inclusive, operating
with any physical children’s book regardless of language or the
parent’s residual vision. Its primary features are realized through
an accessible audio-based interface that supports (Fig.2):

WordBond Al-Powered Interactive Tool WordBond
Core Goal Enhance shared reading for VIPs & sighted children.
System Design Core Prioritize parent’s own voice to foster emotional bond.
Overwew Key ‘Works with any physical children’s book.
of WordBond Advantages Language / residual vision independent.
9 Accessible, audio-based interface.
Mission Empower VIPs in child’s literacy journey.
Pre-reading Digitize book content efficiently.
Scanning Analyze content beforehand.
Key Audio gption:}, discreet aud\cIJI cues.
Prompting upport memory recall.
Features Ensure natural storytelling flow.
of WordBond
Interactive Enable real-time engagement (child points to content).

Word Incorporate language acquisition principles.
Recognition  Support joint attention.

Figure 2: System Overview and Key Features of WordBond.

e Pre-reading Scanning: Allowing parents to efficiently digi-
tize and analyze a book’s content beforehand.

e Audio Prompting: Offering optional, discreet audio cues
during reading to support memory recall, ensuring a natural
storytelling flow.

¢ Interactive Word Recognition: Facilitating real-time en-
gagement when a child points to content, incorporating es-
sential principles of language acquisition and joint attention.

By combining accessibility with emotional connection, Word-
Bond empowers VIPs to play an active and confident role in their
child’s literacy journey.

3.2 Technical Pipeline

The functional integration of WordBond is based on a robust techni-
cal pipeline comprising optical character recognition (OCR), hand
tracking, a corrective Large Language Model (LLM) and text-to-
speech (TTS) conversion. The system operates in two distinct se-
quential phases: Book Scanning and Analysis Session and Inter-
active Reading Session (Fig.3).

3.2.1 Phase 1: Book Scanning and Analysis Session. The first phase
involves preparing a book for future reading. To overcome the
challenge of precisely aligning a mobile camera, especially for users
with partial or complete blindness, a simple plastic frame accessory
has been designed. This frame clips onto the book, securely holding
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Technical Pipeline of Phase 1: Book Scanning and Phase 2: Analysis Session and Interactive Reading Session
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Figure 3: Technical Pipeline of Phase 1: Book Scanning and Phase 2: Analysis Session and Interactive Reading Session.

the mobile phone to guarantee the camera is correctly positioned,
thereby improving the stability and accuracy of page scans and
subsequent recognition.

Users initiate the process by selecting the option to add a new
book. The camera captures an image of the open pages, which is
then split and converted to gray-scale. The image is processed using
the EasyOCR model [19, 29]. EasyOCR was chosen over alternatives
like PyTesseract [17] (a Python wrapper for Google’s Tesseract)
due to its superior performance under suboptimal conditions, such

as blurry or poorly lit images common in home environments.

The recognized text, output as character strings, is then sent to
an LLM with a text correction prompt (detailed in Tab.1) to filter
out common OCR errors and reconstruct well-formed sentence
segments. Finally, these segments are processed by a text-to-speech
model, which generates MP3 audio files. The audio files are stored
locally, linked to the specific book and page. Users can continue
scanning subsequent pages by turning the page and tapping the
screen; a double-tap ends this scanning phase and saves the book.

Table 1: Text Correction Prompt Sent to LLM
(Along with EasyOCR-Recognized Text)

Firstly:

* You will be given a text with errors in some letters: ‘text2’.

e Correct all errors and provide the intended text as truthfully as
possible.

* Only reply with the fully corrected text — do not repeat the input
or include any additional comments.

Important:

* Only reply with the final output, formatted with ‘|” as described.
¢ Do not include any extra words or explanations — only the cor-
rected and split text is allowed in the output.

3.2.2  Phase 2: Interactive Reading Session. The second phase is
designed to facilitate the real-time shared reading experience. After
navigating through their library via an audio-guided interface, users
select a book and choose whether to enable the interactive reading
mode.

If enabled, the system activates the camera and employs Media-
pipe [15, 25] for real-time hand-tracking. The system is configured
to detect a pointing gesture, specifically when the index finger is
extended while other fingers are folded. When this gesture is rec-
ognized, the system, at a set interval, captures a snapshot of a small
text area directly above the fingertip. This snapshot is processed by
EasyOCR. If the text is successfully extracted, the word nearest the
physical center of the snapshot is converted into an audio file. A
non-intrusive notification sound alerts the parent that a word has
been identified. The parent can then either continue reading with-
out interruption or perform a double-tap on the screen to hear the
spoken word immediately. This real-time seamless support bridges
the gap between physical books and digital assistance, allowing
spontaneous, meaningful interaction.

3.3 Interaction Design and Prototype

A functional prototype of the WordBond application was developed
using a combination of Python, JavaScript, HTML, and CSS for user
testing purposes. While a simplified version for Android phones
was created for basic replay functionality, the full prototype, main-
taining a mobile application’s shape and interaction, was tested on
a desktop environment to ensure full component integration.

The interface is driven entirely by audio cues and simple tap
commands, designed to minimize visual dependence (Fig.4). Upon
opening the application, users receive a short, guiding audio prompt
(lasting no more than 10 seconds) that explains the purpose of the
current page and the available options. The interface logic is based
on simplicity: options are typically limited to two buttons per screen,
and any action requiring confirmation (e.g., confirming a selection)
is accompanied by an additional voice message.
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Figure 4: Interaction Design of WordBond: Application User Interfaces and Core User Flow

The core user flow (Fig.4) revolves around two main actions on
the landing page: adding a new book or selecting an existing one.
For a detailed account of the user flow, please refer to Appendix A.

Adding a Book: This triggers the Phase 1 process (Section 3.2.1),
guiding the user through capturing pages and generating accompa-
nying audio for each sentence segment.

Reading Session: Selecting a book from the library immedi-
ately initiates the reading session. If the interactive mode is enabled,
the system monitors the pointing gestures. When a child points
at a word, the parent hears a discreet alert. The parent can ignore
this prompt or perform a double-tap gesture on the screen. This
confirmation triggers the pronunciation of the recognized word
and pauses any background narration, allowing the parent to confi-
dently communicate the word and engage the child.

This tap-based, audio-first design ensures accessibility while
facilitating the natural, shared interaction that is central to the
WordBond philosophy.

4 Pilot Study

The pilot study served as a crucial step in our iterative design
process, intended to validate the initial prototype’s usability and
feasibility before proceeding to a formal evaluation with the target
user group. The primary objectives were to filter out unexpected
system behaviors, assess potential cognitive overload imposed by
the novel interaction model, gather preliminary feedback on design
choices, and collect necessary data to refine our technical algo-
rithms and study protocol for the final user study. Both the pilot
study and the final user study were approved by the Ethical Review
Board of Eindhoven University of Technology, The Netherlands.

4.1 Study Set Up and Participants

Due to the early stage of the initial prototype and the practical
constraints associated with recruiting the target population, we
adopted a simulated user approach. We recruited four participants
(P1-P4), aged 18 to 25, through network sampling. All participants
had a background in Design, which allowed us to gather valuable
exploratory feedback on design considerations from peers familiar
with user experience principles.
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We opted for simulated testing (using blindfolded sighted par-
ticipants) as a practical measure due to the significant time and
logistical resources required to recruit visually impaired parents
(VIPs). This approach is commonly accepted in early-stage HCI pro-
totyping to establish technical viability and address initial usability
hurdles before engaging with a vulnerable user group. Testing with
a representative sample of VIPs is planned for the subsequent main
evaluation phase, once the system achieves greater stability.

4.2 Study Protocol and Data Collection

To simulate the target context, participants were blindfolded through-
out the test. They were introduced to the audio-based interface and
guided through the following two key tasks (see Fig.5):

e Preparation Task: The participants selected a book and
used the application to scan its pages. The resulting text was
processed to generate the accompanying audio version of
the story. This step was designed to familiarize participants
with the application’s setup and the book’s content.

e Reading Task: Participants read the book aloud to one of
the researchers, who actively assumed the role of a child,
prompting interaction by asking questions about the text or
pointing to words. Participants used WordBond’s interactive
features to assist their responses.

Data collection was multi-modal, including direct observation,
quantitative questionnaires, and semi-structured interviews (see
Appendix B). We selected the following instruments:

e NASA Task Load Index (TLX) [13]: This instrument was
chosen specifically to quantify the cognitive, temporal, and
physical demands associated with the novel, multi-sensory
interaction model, helping us pinpoint sources of user effort.

e User Experience Questionnaire (UEQ) [30, 35]: The UEQ
was administered to assess both Pragmatic Quality (usability,
efficiency) and Hedonic Quality (novelty, attractiveness),
providing a balanced view of the user experience.

Qualitative data from observations and interviews were ana-
lyzed using Thematic Analysis, while quantitative questionnaire
data were statistically analyzed to inform necessary prototype ad-
justments.

4.3 Pilot Study Results

The quantitative results (see Fig.6) highlighted a core contradiction
in the prototype’s user experience. While the overall user impres-
sion was positive, reflected in the UEQ Attractiveness score of 1.08
(classified as "low good"), the Hedonic Quality dimensions (Stimula-
tion, Novelty) demonstrated stronger performance. The participants
expressed favorable opinions about the "very novel" (P2) concept
and its perceived usefulness in achieving the goal of fostering a
"connection between parent and child" (P1).

However, significant challenges were identified in the Pragmatic
Quality dimensions. The Perspicuity (clarity/learnability) dimen-
sion scored a low 0.06, confirming that users found the initial proto-
type difficult to operate. The high scores in the NASA TLX (specifi-
cally Mental Demand, Temporal Demand, and Effort) corroborated
this, suggesting that the reading activity required significant cogni-
tive effort to maintain accuracy.
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Experiment Procedure of Both Piot Study & User Study

Experiment Introduce the research background & experimental risks, sign the consent form.
Intro Brief participants on audio interface & study goals.
Task 1: Select a book Scan pages via app

Preparation

Generate audio story Audio Check

Task 2: Read aloud to researcher (playing child role).
Reading

Respond to researcher’s prompts with WordBond feature.

Scales &
Interview

Complete the UEQ questionnaire and NASA-TLX scale,
participate in a semi-structured interview.

Experiment Environment of Both Pilot Study & User Study

| Participants wear
| Bluetooth

I\ headphones and
don eye masks to
simulate visual
impairment.

An external camera
mimics a phone's
rear camera,
capturing images of
storybook pages.

Participants may select

Participants control our
different physical books,

app to manage

while our algorithm runs

audio playback and nn
on a laptop positioned nearby.

receive prompts.

Figure 5: Experiment Procedure and Environment of Both
Pilot Study and User Study.

Observations and semi-structured interviews revealed specific
usability bottlenecks:

Instructional Overload: Although the auditory instructions
were clear, they often were delivered too quickly and sometimes too
long, making them difficult to recall (P1, P2, P4). Participants fre-
quently requested reminders regarding the core navigation gestures
(e.g., double-tap).

Recitation Difficulty: The initial design provided audio play-
back in long segments (entire pages or long paragraphs). Partic-
ipants struggled to maintain structured, natural sentences when
trying to recite the text after hearing it, often forgetting the exact
wording in their attempt to be completely accurate.

4.4 Prototype Improvements and Algorithmic
Refinements

The feedback gathered from the pilot study provided clear, action-
able insights for design improvements. Participants advised caution
regarding the heavy use of audio, noting that it is a dense infor-
mation medium that can quickly overwhelm users (P2). They uni-
versally suggested making audio instructions shorter, slower, and
enabling the option to repeat them. They also proposed adding clear
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Figure 6: Subjective Evaluation Results of Pilot Study: (a) User
Experience Questionnaire (UEQ) , (b) NASA Task Load Index
(TLX).

confirmation cues and implementing pauses between sentences in
the book audio, with one participant (P1) suggesting the ability to
repeat each sentence segment "two to three times."

Based on this critical feedback, the following list of iterative
changes was immediately implemented in the prototype to signifi-
cantly reduce cognitive load and improve usability.

e Audio Segmentation: Book replay files were shortened
from entire pages to single, naturally segmented sentences.

e Audio Control: The user can now easily play, repeat and
move back through previously read sentence audio files.

e Instructional Clarity: All navigation instructions were
shortened, clarified, and given a dedicated replay function.

o Feedback Cues: Additional auditory and tactile indications
were added throughout the app to signal successful button
presses and process loading states.

A key technical refinement was the integration of a Corrective
Large Language Model (LLM) into the scanning pipeline. Initial test-
ing of the OCR model (EasyOCR) revealed instability, with environ-
mental factors like lighting causing frequent errors (e.g., replacing
’c’ with ’[’). While a simple spell-checker could fix single-character
errors, it failed to address multi-character mistakes, lookalike char-
acters, or, crucially, context, often skipping small but necessary
words (like ’a’ or ’the’).

To resolve this and ensure high-quality audio segments, the LLM
was introduced to perform two chained tasks (Tab.2): error correc-
tion and natural sentence breaking. The prompt provided to the
LLM is structured to ensure output accuracy and flow, generating
the sentence segments required for an improved audio experience.

Table 2: Refined Text Correction Prompt Sent to LLM
(Along with EasyOCR-Recognized Text)

Firstly:

* You will be given a text with errors in some letters: text2.

« Correct all errors and provide the intended text as truthfully as
possible.

* Only reply with the fully corrected text — do not repeat the input
or include any additional comments.

Secondly:

« Take this corrected text and break it into small sentence parts,
separating each part with a |’ character.

* Splits should occur at natural pause points such as periods (),
commas (), or appropriate places in long sentences where a speaker
would naturally pause.

* Use logical splits that maintain normal sentence flow — meaning
it should still sound natural if spoken aloud, with a |” marking
where a brief pause would be.

Important:

¢ Only reply with the final output, formatted with ‘|” as described.
* Do not repeat or duplicate text from the input.

* Do not include any extra words or explanations — only the cor-
rected and split text is allowed in the output.

These iterative changes, derived directly from the pilot findings,
address the core usability and cognitive load issues, preparing the
refined prototype for the subsequent formal user study.

5 User Study

The formal user study was conducted to rigorously evaluate the
user experience (UX) of the refined WordBond prototype. Specifi-
cally, this study aimed to quantify the reduction in cognitive load
after iterative improvements based on the pilot study, and to for-
mally assess the usability and hedonic qualities of the system in a
simulated reading environment. The data collected provides valida-
tion for the current design and provides critical insights for future
deployment with the target user group.

5.1 Participants

We recruited seven participants (P1-P7), aged 18 to 25, through
network sampling from a technical university environment. Similar
to the pilot study, the participants were sighted students, primarily
with backgrounds in design and engineering. Our decision to utilize
a simulated user approach (blindfolded sighted participants) for
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this formal study, rather than recruiting visually impaired parents
(VIPs), was based on two primary factors:

Ethical Imperative and Risk Mitigation: The pilot study in-
dicated significant challenges with the complexity of the initial
prototype and documented a high cognitive load (Section 4.3). De-
ploying a prototype with known high cognitive demands in the
target population carries an ethical risk of causing frustration and
potential harm to users with functional limitations. This simula-
tion allowed us to achieve greater design stability before engaging
the vulnerable target group. By controlling the visual variable, the
study could focus solely on evaluating the efficacy of the revised
audio-guided interface, the segmented audio feedback, and the core
technical pipeline (OCR/Hand-tracking), which are the essential
components developed since the pilot study.

Furthermore, for safety and ethical expediency, real sighted chil-
dren were not involved. A researcher assumed the role of the child
confederal, interacting spontaneously with the book and prompt-
ing the participant, a method validated in the pilot to effectively
simulate the interactive stimuli required for system evaluation.

5.2 Study Protocol

The protocol was designed to be highly realistic while ensuring that
all interactions were logged and controlled. Upon arrival, partici-
pants were informed about the purpose of the application (assisting
VIP parents) and the two main expectations of the test: (1) Scan a
book and (2) Read the book to a researcher.

Participants were explicitly told that the audio-guided interface
of the application was designed to provide all necessary instruc-
tions, and the researchers provided no further assistance after the
initial briefing. Then they were asked to blindfold themselves and
handle the mobile phone with the installed application. This proto-
col successfully simulated the user experience as intended—forcing
reliance solely on audio prompts, touch gestures, and system func-
tionality via a mobile device. Additionally, the experimental proce-
dure of the current user study is consistent with that of the pilot
study (see Fig.5).
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Figure 7: Demonstration of the Experimental Process.
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5.3 Data Collection and Measures

Data collection was carried out using a mixed-method approach to
ensure the triangulation of qualitative insights with quantitative
metrics of user experience and performance.

5.3.1 Quantitative Data. We used two validated instruments com-
monly used in Human-Computer Interaction research: User Experi-
ence Questionnaire (UEQ) [30, 35]: This questionnaire uses a 7-point
semantic differential scale (ranging from -3 to +3) to provide a di-
rect and standardized evaluation of user experience. It yields scores
across six dimensions, providing insight into Pragmatic Quality
(Perspicuity, Efficiency, Dependability) and Hedonic Quality (Stim-
ulation, Novelty, Attractiveness). NASA Task Load Index (TLX) [13]:
The TLX was utilized to quantify the subjective workload and cog-
nitive effort associated with the use of the application. It employs
21 gradations across six subscales (e.g., Mental Demand, Temporal
Demand, Effort), which were critical for validating the success of
the pilot-driven design modifications aimed at reducing cognitive
load.

5.3.2  Qualitative Data. To gather in-depth qualitative insights into
user experiences with WordBond, this study employed two research
methods: Real-Time Observations and Semi-Structured Interviews.
Real-Time Observations: Researchers log interactions, specific non-
verbal cues, and moments of struggle or success to provide rich
contextual data on user interaction patterns with WordBond. Semi-
Structured Interviews (see Appendix B): After the test, the inter-
views explored the general experience of the participants, the per-
ceived ease-of-use, the utility of specific features, the opinions on
responsible use of Al and suggested areas for future improvement.

5.4 Data Analysis

The collected data was analyzed using distinct, rigorous methods
for both quantitative and qualitative datasets.

5.4.1 Quantitative Data Analysis. Data from the UEQ and NASA
TLX were subjected to quantitative analysis. The UEQ data was
processed using the official UEQ Excel Analysis Tool [30], which
automatically calculates and visualizes the scores against the bench-
mark data. NASA TLX data were subjected to standard statistical
analysis (e.g., calculation of means and standard deviations) to com-
pare workload between different tasks and against the findings of
the pilot study.

5.4.2 Qualitative Data Analysis. Qualitative data, derived from
semi-structured interviews and observation logs, was analyzed us-
ing Thematic Analysis [33]. All interviews were audio-recorded and
transcribed verbatim using Microsoft Word’s transcription tool. The
analysis followed established steps: initial review of the transcripts
and logs to identify recurring topics and generate initial codes;
subsequent organization of these codes into broader, meaningful
themes; and final interpretation to capture overarching interaction
patterns and user feedback. This process facilitated the triangula-
tion of qualitative findings with quantitative scores from the UEQ
and TLX.
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6 Results
6.1 User Experience Questionnaire (UEQ)

The results of the User Experience Questionnaire (UEQ) indicate a
positive overall impression of the system, with all six dimensions
scoring above the threshold 1.0 (representing the "above average"
user experience). However, the results highlight a crucial discrep-
ancy between engagement and usability (Fig.8).
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Figure 8: User Experience Questionnaire (UEQ) Scores of
User Study.

The Hedonic Quality dimensions scored significantly higher
(x = 1.68) than the Pragmatic Quality dimensions (x = 1.30).

e High Scores (Hedonic): Stimulation (¥ = 1.89) and Novelty
(x = 1.46) received the highest ratings, confirming that users
perceived the concept as highly innovative and engaging.
Attractiveness (X = 1.55) also indicated a generally favorable
impression of the system’s design.

e Lower Scores (Pragmatic): The dimensions of pragmatic
quality, specifically Perspicuity (x = 1.21), Efficiency (x =
1.32), and Dependability (x = 1.36), scored relatively lower.
This suggests that while the system is appealing and stim-
ulating, some users found the prototype less intuitive and
experienced minor friction points in the interaction flow.

6.2 NASA Task Load Index (TLX)

The NASA TLX results revealed an Overall Workload Score (average
of all sub-scales) of x = 9, which is categorized as medium-low

workload (see Fig.9). This shows a significant reduction in the
cognitive effort required compared to the initial prototype in the
pilot study (where the effort was rated high). The scores highlighted
several key findings:

Participants P1 P2 P3 P4 P5 P6 p7

Participate in Both Pilot Study and User Study.

MD
PD
TD

PR

EF

FR

Figure 9: NASA-TLX Scale Scores of User Study Across Scales.

e Low Demand: Physical Demand and Temporal Demand
were consistently low, indicating that the activity was nei-
ther physically taxing nor hurried. The frustration scores
were also low, suggesting that the participants experienced
minimal irritation or stress during the tasks.

¢ High Performance: Participants reported the highest scores
on the Performance sub-scale (¥ = 15), generally feeling that
they had successfully completed the task.

e Variability in Cognitive Load: Both Mental Demand and
Effort showed greater variability. Participants with prior
experience from the pilot (P1, P2) consistently reported lower
scores in these categories, while new participants (P4, P5, P6)
recorded higher mental demand scores. This suggests that a
learning curve still exists, but the workload can be effectively
managed once basic interaction patterns are learned.

6.3 Qualitative Findings and Thematic Analysis

The thematic analysis of observations and semi-structured inter-
views provided context for the quantitative results, particularly
explaining the discrepancy between high novelty and moderate
usability. Two primary themes emerged: Friction in Interactive En-
gagement and Monotony in Storytelling Delivery.

6.3.1 Friction in Interactive Engagement. All participants struggled
with the purpose and expected response for the Interactive Mode.

Confusing Feedback: When the feature was triggered (e.g., by the
child/researcher pointing), participants were uniformly surprised
and unsure how to respond to the notification sound ("ding!"). One
participant (P4) initially mistook it for a regular phone notification,
while another assumed the sound signaled the end of the reading
session (P6).
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Lack of Context: Participants felt the notification lacked the
necessary context, failing to bridge the gap between the sound and
the required physical action. P5 suggested clarifying the purpose
of the feature by providing an explicit auditory message, such as:
"Your child would like to know this word." This qualitative finding
directly supports the lower scores observed in the UEQ’s Perspicuity
dimension.

6.3.2  Monotony in Storytelling Delivery. The researchers observed
that all participants read in a flat, monotonous tone during the
session and that the sentences repeated by the participants often
lacked clear semantic coherence. The interviews revealed two key
contributors to this issue:

High Focus on Accuracy: Participants (P2, P3, P5, P6) revealed
that they were very focused on accurately repeating the audio
segments. This intense focus caused them to neglect the overall
structure of the story and the meaning of the sentences. This diffi-
culty was attributed to the sometimes unnatural segmentation of
sentences, which complicated their ability to apply proper intona-
tion and rhythm when reading aloud.

Environmental Discomfort: A secondary factor was the discom-
fort caused by the testing environment. Conducting the test in an
open public space made participants (P3, P4, P5) feel self-conscious
and reluctant to use expressive voices or perform dramatic readings,
which is essential for engaging children.

To address the challenge of flat delivery, participants offered two
valuable design suggestions: (1) The inclusion of a rehearsal phase
to allow users to familiarize themselves with the book’s narrative
before the reading session. (2) Integration of an image recognition
model capable of describing the illustrations in the book (P2, P4,
P5, P6). This image description would enable VIPs to fully visualize
and engage with the story’s visual components, thus enhancing
their overall experience and delivery.

6.4 Comparative Analysis: Success of Design
Iterations

The qualitative feedback from the returning participants (P1 and P2)
and the quantitative shift in the UEQ and TLX results unequivocally
validate the success of the prototype improvements implemented
after the pilot study (Section 4.4).

e Confirmed Usability Improvement: The general increase
in all the parameters of the UEQ (all now x > 1.0) confirms
that the system has moved from a state of low usability to a
state of above-average experience.

o Effectiveness of Segmentation: Returning participants
(P1,P2) explicitly confirmed that the instructions were clearer
and the reading phase was significantly easier due to the
shorter audio segments. They found the shorter segments
much easier to remember and recite compared to the pre-
vious, longer segments, thus enabling them to perform the
task more effectively.

e Impact of Control Features: New participants (P3-P7) and
returning participants alike highlighted the repetition button
as a critical feature that contributed directly to successfully
completing the task of reading aloud.
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In summary, the design iterations successfully mitigated the most
severe cognitive load issues documented in the pilot, establishing a
baseline of practical usability. The remaining challenges now focus
on refining the contextual clues and improving the emotional and
narrative quality of the shared reading experience.

7 Discussion

The results of the user study, synthesized with the findings of the
pilot test, confirm the successful mitigation of initial usability is-
sues while revealing critical areas for future design research. This
discussion explores the implications of our quantitative data (TLX
and UEQ) on the system’s learning curve, analyzes the specific
breakdowns in the interactive mode, and examines the disconnect
between system performance and the delivery of affective story-
telling to the user.

7.1 Mitigation of Extraneous Load and the
System’s Learning Curve

The quantitative results validate the success of our iterative design
process, particularly the effective mitigation of the intense work-
load documented in the pilot study. The significant reduction in
the NASA TLX Temporal Demand scores across all participants
confirms that segmenting the book audio into natural sentence
parts successfully eliminated the perception of being rushed. How-
ever, the continued variability in Mental Demand and Effort scores
reveals a clear short-term learning curve. Participants new to the
system reported a higher cognitive effort, while those with prior
exposure (P1, P2) reported considerably lower scores.

This finding suggests that the core mechanics of WordBond are
manageable, but require initial familiarization. This phenomenon
aligns with Cognitive Load Theory (CLT) [32], suggesting that the ini-
tial, unfamiliar interaction patterns impose a significant extraneous
cognitive load. Until the user masters the specific gestural com-
mands and audio feedback mechanisms of the system, a substantial
portion of their working memory is dedicated to managing this
extrinsic burden rather than the intrinsic task of storytelling. Future
work should address this initial hurdle by integrating a mandatory,
example-based tutorial or guided setup phase. Although our goal
was to test usage in common practice (without prior rehearsal),
the data indicates that a brief, dedicated onboarding phase would
significantly flatten the learning curve, providing a more accurate
assessment of the steady-state cognitive load for the long-term user.

7.2 Bridging Novelty and Usability:
Joint Attention and Self-Efficacy

The results of the User Experience Questionnaire (UEQ) highlight a
fundamental design conflict: high hedonic quality versus moderate
pragmatic quality. The participants enthusiastically embraced the
novelty (¥ = 1.46) and stimulation (¥ = 1.89) of the concept, sug-
gesting that the potential for emotional support is high. However,
the moderate pragmatic score (X = 1.30), particularly the low Per-
spicuity (¥ = 1.21), confirms that the clarity and ease-of-learning
of the system still need improvement.
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The moderate scores in the UEQ’s Pragmatic Quality, especially
in Perspicuity, are largely attributable to the breakdown observed
within the Interactive Mode. Although the feature—where a child
points to a word, triggering an audio cue—was conceptually praised
for fostering joint attention, its execution failed to establish a clear
affordance. The ambiguous "ding!" notification lacked situational
awareness, causing users to mistake it for a generic device alert and
consequently disrupting the flow of shared reading. This failure
goes beyond simple usability; it introduces a point of friction that
directly threatens the parent’s Parenting Self-Efficacy. In a criti-
cal moment designed for teaching and bonding, the parent is left
confused and unable to respond effectively, undermining their con-
fidence and control. The appreciation for the feature only emerged
after the researcher’s intervention, suggesting that the system must
learn to mediate the social context more explicitly.

Future design must replace the generic chime with a rich, contex-
tual auditory cue (e.g., "Child is pointing") that clearly establishes
the social significance of the interruption, thereby empowering the
parent to confidently and seamlessly assume the role of educator.

7.3 Recitation vs. Storytelling Mindset:
The Affective and Narrative Gap

The most complex challenge revealed by the study lies in the quality
of emotional delivery. The observed flat, monotonous reading tone,
coupled with participants’ self-reports of focusing on technical
accuracy (repetition) over affective expression (intonation), indi-
cates a severe cognitive bottleneck. Users were spending too much
mental effort reconstructing the narrative flow of the segmented
audio and compensating for the LLM’s occasional unnatural sen-
tence breaks. This high cognitive burden effectively starved the
resources needed for affective labor—the ability to modulate tone,
rhythm, and emotion crucial for engaging a child. This inability to
expressively read directly impedes emotional synchrony between
the parent and the child, which is the psychological bedrock of the
desired bond.

The participants’ suggestion to integrate an image recognition
model to describe illustrations is a profound insight into this psycho-
logical mechanism. Providing this affective context would allow the
parent to instantly visualize the story, enabling them to naturally
generate the corresponding expressive tone and shifting the task
from blind repetition to mediated co-creation of a vivid narrative.

7.4 Ethical Boundaries and the Future of
Relational Assistive Technology

Although this study successfully validated the prototype’s core
technical feasibility and established a robust usability baseline, its
primary limitation remains the reliance on simulated users. The
findings, though essential for refining the system, cannot yet con-
firm the ultimate impact of WordBond on the parent-child relation-
ship, including metrics such as increased parental pride or genuine
child engagement. Testing with real visually impaired parents and
their children is the definitive next step, requiring a transition across
the current ethical boundary from simulation to longitudinal, eco-
logically valid deployment. This future research must go beyond
usability scores to investigate the role of the system as a Mediated
Relational Tool—how it affects family routines, reinforces the VIP’s

identity as an active parent, and facilitates sustained emotional
connection. WordBond’s value lies not only in its function as a com-
pensatory technology, but in its potential to serve as a catalyst for
identity empowerment, establishing a design precedent for future
assistive technologies that prioritize affective communication and
relational well-being.

8 Limitations and Future Work

The current WordBond prototype, while validating key usability
improvements, presents several notable limitations that define the
crucial roadmap for future work. A significant constraint was the
testing environment itself; conducting sessions in a public setting
created social discomfort that prevented participants from fully
immersing themselves in the expressive storytelling required for
affective reading, thus limiting the ecological validity of the quali-
tative data. This limitation strongly necessitates the transition to
in-situ field studies involving the actual target population of visu-
ally impaired parents (VIPs) within the intimacy of their homes.
Engaging VIPs will not only eliminate environmental bias, but will
also accurately account for any unique compensatory skills they
possess, which may lead to a vastly different and potentially lower
long-term cognitive load profile than observed with our simulated
users.

Further limiting the fidelity of the current interaction was the
technical architecture, where machine learning models were of-
floaded to a laptop while participants interacted with the front-end
on a mobile device. The next stage of development must achieve full
on-device autonomy to enable truly seamless interactions, allowing
for the intended use of the mobile camera and the custom holder aid.
Tying into this, the compromise made to stabilize unreliable OCR
output with an LLM, while improving immediate usability, intro-
duced a trade-off in fidelity to the original text. Future work must
resolve this by developing a robust multi-modal stability pipeline
that minimizes text generation, ensuring that the parent always
reads a faithful representation of the source material.

The most critical area for future research lies in refining the
system’s affective and relational model. The qualitative finding
regarding the monotonous reading tone indicates a cognitive bot-
tleneck where resources are currently directed toward technical
repetition rather than emotional expression. To liberate the parent’s
working memory, we plan to prioritize the integration of Image
Description Integration, as suggested by participants, to provide
the necessary affective context for expressive reading. This will be
coupled with the implementation of an optional rehearsal phase
during book preparation, shifting the focus from simply reciting
the text to internalizing the emotional arc of the story.

Finally, to truly validate the purpose of WordBond as a relational
tool, future research must explicitly incorporate the child’s feed-
back and engagement metrics. The current study is adult-centric; a
complete assessment requires measuring the child’s learning out-
comes and emotional responses. Therefore, the ultimate future step
is a longitudinal deployment study with a larger sample of VIP
families, which will fully validate the long-term impact of the sys-
tem on parental self-efficacy and the affective quality of the shared
parent-child bond.
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9 Conclusion

WordBond illustrates the potential of leveraging Al technologies
to enhance inclusive practices for visually impaired parents and
their children. By focusing on accessibility, interaction, and the
emotional connection intrinsic to shared reading, the application
provides a meaningful tool for fostering intimacy and supporting
early childhood development. Iterative user testing highlighted
both the system’s strengths and areas for improvement, leading to
refinements that address usability and cognitive load challenges.

Future work could focus on deploying WordBond in real-world
scenarios involving visually impaired parents to gather authen-
tic feedback and refine its capabilities further. Integrating addi-
tional features, such as machine vision for image descriptions and
expanded support for diverse languages, will enhance its utility
and inclusivity. By bridging technological innovation with human-
centered design, WordBond paves the way for assistive tools that
not only are functional but also create space for an intimate bond
between VIPs and their sighted child.
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A Detailed User Interaction Flow of WordBond
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Figure 10: User Flow Diagram 1: Preparation Stage.

B Semi-structured Interview Questions

Introduction

Thank you for taking the time to participate in our evaluation.
We'll now ask you a few questions about your experience with
the prototype. This will be a semi-structured interview, so while
we have some prepared questions, we encourage you to share any
additional thoughts or opinions that come to mind. Your input is
highly valuable to us.
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Part 2: Experience when using the Application:

e Were you able to easily navigate through the application?
Were there any challenges?
e How clear were the instructions or prompts within the ap-
plication?
¢ Did you experience any technical issues, such as delays or
errors, while using the app?
How did the application enhance or hinder your experience
| with the book?
Opens App [ Taps ‘new book’ If you could suggest improvements for the application, what
‘ would it be?
Taps ‘book library’

Parent (user) takes children’s book.
\

Connects Product to phone and book.

‘ Part 3: Accessibility and Thoughtfulness of the system:

Selects book

e Were there any features that made it easier or harder for you
to interact with the system?
e Do you feel the system was designed with thoughtful con-

Finger tracking setting | Tracking OFF . . . . )
sideration of its target audience’s needs and preferences?
[ e How well do you think the prototype fulfills its intended
?
Tracking ON purpose:

Note: Additional questions may be introduced by the researchers
Start sentence(part) — Go back or play again after reviewing the observation notes prior to the interview. The
questions listed on this document serve as the foundation for the
‘ interview.
Next audio Finger tracking: Point at Word

Tiny audio clue
like ‘ping’

Play the word

Continue playing

Ends reading activity

Figure 11: User Flow Diagram 2: Reading Stage.

Part 1: General Impression:

e What did you think about the experience of being blindfolded
and interacting with the application?

e What were your first thoughts or impressions of the proto-
type when you started using it?

e What aspects of the prototype did you find most engaging
or effective?



	Abstract
	1 Introduction
	2 Background and Related Work
	2.1 The Affective and Cognitive Value of Shared Reading
	2.2 Accessibility Challenges and Coping Strategies for Visually Impaired Parents (VIPs)
	2.3 Accessible AI and Assistive Technology for Visual Impairment
	2.4 The Gap: Limitations of Current AI in Relational Contexts

	3 Design Implementation
	3.1 System Overview
	3.2 Technical Pipeline
	3.3 Interaction Design and Prototype

	4 Pilot Study
	4.1 Study Set Up and Participants
	4.2 Study Protocol and Data Collection
	4.3 Pilot Study Results
	4.4 Prototype Improvements and Algorithmic Refinements

	5 User Study
	5.1 Participants
	5.2 Study Protocol
	5.3 Data Collection and Measures
	5.4 Data Analysis

	6 Results
	6.1 User Experience Questionnaire (UEQ)
	6.2 NASA Task Load Index (TLX)
	6.3 Qualitative Findings and Thematic Analysis
	6.4 Comparative Analysis: Success of Design Iterations

	7 Discussion
	7.1 Mitigation of Extraneous Load and the System’s Learning Curve
	7.2 Bridging Novelty and Usability: Joint Attention and Self-Efficacy
	7.3 Recitation vs. Storytelling Mindset: The Affective and Narrative Gap
	7.4 Ethical Boundaries and the Future of Relational Assistive Technology

	8 Limitations and Future Work
	9 Conclusion
	Acknowledgments
	References
	A Detailed User Interaction Flow of WordBond
	B Semi-structured Interview Questions

