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Abstract

Mobile reading applications often separate text reading from audiobook playback, limiting
multimodal learning. This study proposes a cross-platform mobile application integrating
synchronized text–audio interaction within a unified interface. Developed using the Flutter
framework, the system incorporates Firebase Authentication, Cloud Firestore, and ad-
justable speed playback with reading progress synchronization. A mixed engineering–UX
evaluation was conducted through black-box testing and a user survey involving ten partic-
ipants. The application achieved an 81.2% satisfaction score, indicating strong user accep-
tance. The results demonstrate that integrated text–audio systems enhance accessibility and
flexibility, with future scalability supported by AI-driven neural text-to-speech narration.

Keywords: AI-driven narration; audiobook; cross-platform development; flutter;
human–computer interaction; mobile application; neural text-to-speech

1. Introduction
The rapid adoption of mobile technology has significantly transformed how users

consume digital content, especially in the domains of e-books and audiobooks. Prior studies
highlight increasing user demand for flexibility in consuming literary content across varied
contexts [1,2]. Audiobooks offer hands-free accessibility, yet most mobile applications still
treat audiobooks and e-books as separate modalities, lacking seamless interaction between
text and audio [3,4].

A technological gap exists in providing a unified reading–listening experience, where
users may switch between reading text and listening to narrated audio while maintaining
synchronized progress. This study aims to address this gap by developing a cross-platform
novel reading application using Flutter, incorporating audiobook playback and synchro-
nized reading states.

This study provides three contributions:

1. A cross-platform mobile reading system integrating text and audiobook features.
2. Evaluation of usability and user satisfaction using a mixed-method UX assessment.
3. Engineering insights into Flutter’s suitability for multimodal reading applications.

Recent neural text-to-speech (TTS) advancements enable AI-driven audiobook narra-
tion capable of producing expressive, human-like voices. While commercial applications are
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experimenting with automated narration, academic exploration of integrated AI narration
within reading–listening ecosystems remains limited. This study therefore introduces an
extended architecture supporting AI-based narration as a future enhancement to improve
accessibility, reduce content production time, and enable scalable audiobook generation.

2. Related Works
Mobile reading technologies increasingly emphasize personalization, multimodal-

ity, and user-centered design to improve engagement and accessibility in digital reading
environments [5,6]. Audiobook research shows significant benefits for users with visual im-
pairments, high cognitive load, or multitasking requirements, highlighting the importance
of multimodal content delivery in inclusive digital experiences [7,8]. Existing e-reading
platforms primarily focus on static text rendering, with limited integration of synchronized
audio–text interaction.

Meanwhile, cross-platform frameworks such as Flutter have been widely explored
for their performance efficiency, rapid development cycles, and consistent UI rendering
across Android and iOS devices [9–12]. These characteristics make Flutter suitable for
implementing multimodal and media-rich applications.

Beyond the technical advantages of cross-platform development, recent studies have
emphasized the growing importance of integrating multimodal interaction, accessibility,
user experience, and AI-driven communication within mobile applications. Research on
multimodal interfaces highlights the benefits of combining multiple interaction modalities
to improve usability and engagement [13], while advances in mobile database management,
authentication mechanisms, and cross-platform synchronization provide the technological
foundation for scalable and secure mobile ecosystems [14–17]. At the user experience
level, previous studies have demonstrated that interface readability, inclusive design,
accessibility, and well-designed interaction patterns significantly influence user satisfaction
and reading performance, particularly for mobile reading applications and educational
platforms [18–23].

In parallel, rapid progress in neural text-to-speech technologies and audiobook-based
learning has enabled more natural, expressive, and multilingual narration, thereby expand-
ing opportunities for accessible digital reading experiences [20,21,24,25]. As summarized in
Figure 1, these research streams have largely evolved independently, with limited integra-
tion into a unified mobile platform that synchronizes text reading, audiobook interaction,
and AI-driven narration. This research addresses that gap by proposing an integrated
cross-platform architecture that combines these complementary technologies into a single
mobile reading application.

Figure 1 summarizes the conceptual integration underlying the proposed system. The
framework identifies three interconnected research domains—mobile reading technologies,
multimodal audiobook interaction, and AI-driven neural TTS—and highlights the limited
integration among them in existing mobile reading applications. Based on this research gap,
the present study proposes a unified mobile platform that synchronizes text reading with
audiobook playback while providing a scalable architecture for future AI-based narration.

Recent advancements in AI-driven neural text-to-speech (TTS) technology—including
models such as Glow-TTS, VITS, and Google Neural2—have enabled the generation of
highly natural and expressive speech that is comparable to human narration [26–30]. AI-
based audiobook generation has emerged as a growing research area, particularly in
enabling scalable, real-time narration for educational, accessibility, and entertainment
applications. Studies indicate that neural TTS improves listening comprehension, reduces
narration production costs, and supports multilingual accessibility [29,30]. However,
AI-narrated audiobooks are rarely integrated directly into mobile reading applications,
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and most existing systems treat AI narration as an external feature rather than a built-in,
dynamically generated service.

Figure 1. Core research gap/integration node.

Despite growing interest in multimodal reading, existing literature still lacks systems
that combine real-time synchronized text–audio interactions with AI-driven audiobook
narration within a unified mobile platform. Some commercial applications provide limited
switching between reading and listening modes. Still, academic research has not yet
fully explored integrated architectures that support dynamic, AI-generated narration and
synchronized reading states [4,7].

This study addresses this research gap by proposing a cross-platform mobile ap-
plication that merges reading and listening experiences—enhanced with an extended
architecture designed for future integration of AI-driven audiobook narration using neural
text-to-speech models. The work contributes to the evolving domain of intelligent multi-
modal reading technologies by offering both system implementation and a forward-looking
AI-based enhancement.

3. Methodology
This study adopted a mixed engineering–UX methodology combining system de-

velopment, functional validation, and user experience evaluation. The methodological
structure consists of four major components: (A) research design, (B) Agile-based system
development, (C) data collection, and (D) evaluation procedures.

3.1. Research Design

The research follows a mixed-method approach integrating system engineering, fo-
cusing on designing and implementing a cross-platform reading application with audio
features. The next step is functional verification to ensure that each module operates
according to specifications. And the last one is user experience (UX) evaluation, assess-
ing perceived usability, navigation flow, content accessibility, and multimodal interaction
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quality. This structure allows the study to capture both technical performance and human-
centered experience, reflecting current best practices in HCI-driven system design.

3.2. Agile Development Method

The system was developed using an Agile iterative cycle involving planning, imple-
mentation, testing, and refinement. Requirements were gathered through benchmarking
and user observation, then organized into three core modules: the Reading Engine, Au-
diobook Engine, and Firebase-based User Management. UI/UX and system design were
guided by user flows, UML diagrams, and wireframes to ensure readability and intuitive
transitions between reading and listening. Development was carried out using Flutter
with Firebase Authentication, Cloud Firestore, and integrated audio playback features. A
modular code structure supported scalability and future AI narration integration. Each
sprint incorporated unit and integration testing, followed by iterative improvements, and
a functional prototype was deployed for user testing, informing subsequent UI and fea-
ture enhancements.

3.3. Data Collection

Data for this research were collected through two complementary methods. First, user
observation was conducted to understand mobile reading behavior, including transitions
between reading and listening and patterns of navigating content libraries; these insights
informed UI layout and audio control placement. Second, a systematic literature review ex-
amined prior works on mobile reading technologies, audiobook interaction, cross-platform
development, and neural text-to-speech (TTS) advances relevant to AI-driven narration, en-
suring alignment with existing studies and helping to identify the research gaps addressed
in this work.

3.4. Evaluation Procedures

Evaluation consisted of two complementary assessments:

1. Functional Testing (Black-Box Approach)
Core system functions—authentication, content browsing, reading operations (pag-
ination, bookmarking), audiobook playback (speed, seek, pause/resume), progress
synchronization, and admin content management—were tested without accessing
internal code. All test cases followed IEEE black-box standards and were recorded as
pass/fail.

2. User Experience (UX) Evaluation
A quantitative UX survey involving typical mobile reading users was conducted using
a 5-point Likert scale evaluating audio quality, navigation ease, interface readability,
multimodal interaction, and synchronized text–audio switching. Results indicated an
overall UX score of 81.2%, categorized as highly satisfactory, supported by qualitative
feedback for further enhancement.

4. System Design and Implementation
4.1. System Architecture

The system integrates three main modules:

1. Flutter mobile front-end, written in Dart.
2. Firebase backend, including Authentication and Cloud Firestore.
3. Audiobook engine, supporting playback control and reading synchronization.
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4.2. Database Model

Cloud Firestore stores entities such as Users, Novels, and Audiobooks with attributes
including Title, Author, Synopsis, Genre, and Audio Duration.

4.3. User Interface

The user interface consists of several core components designed to support intuitive
navigation and multimodal reading. These include login and registration screens, a home
page displaying available novels, genre browsing functionality, and a personal library for ac-
cessing saved content. Additional features include a Create Story module for user-generated
content, a dedicated reading mode for text-based interaction, and an audiobook mode
equipped with adjustable playback speed to accommodate diverse listening preferences.

As illustrated in Figure 2, the home page serves as the primary entry point for users to
access available novel collections within the application. The interface adopts a minimalist
design approach by presenting book covers and titles in a simple visual layout, enabling
users to identify and select content efficiently. The bottom navigation bar provides direct
access to the application’s main modules, including Home, Genre, Library, Create Story,
and Profile. This design supports ease of navigation and reduces cognitive load, which
is particularly important in mobile reading environments where users frequently switch
between content discovery and reading activities.

Figure 2. Home page displaying available novels.

4.4. Implementation Details

The navigation structure is based on a Bottom Navigation Bar with five main pages.
Audiobook playback is integrated through Flutter audio packages and synchronized with
reading progress stored in Cloud Firestore.

Figure 3 presents the reading mode interface, which is designed to maximize readabil-
ity and user focus during text consumption.

The reading area occupies most of the screen space, minimizing visual distractions
and allowing users to concentrate on the content. Navigation controls at the bottom
facilitate page transitions while maintaining reading continuity. The interface layout reflects
established user-centered design principles for digital reading applications, supporting
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prolonged reading sessions and improving overall user comfort. Furthermore, this module
forms the foundation for synchronized interaction with the audiobook feature, enabling
seamless transitions between reading and listening modes.

Figure 3. Read Mode Page.

As shown in Figure 4, the audiobook module provides essential playback controls,
including play, pause, stop, seek, and progress tracking functions. The interface is inten-
tionally simplified to ensure intuitive interaction and minimize operational complexity for
users. By incorporating audio playback directly within the reading ecosystem, the appli-
cation supports multimodal content consumption, allowing users to continue engaging
with novel content while performing other activities. This capability enhances accessibility,
flexibility, and convenience, particularly for users who prefer auditory learning or require
hands-free interaction.

Figure 4. Audiobook.

https://doi.org/10.3390/engproc2026137023

https://doi.org/10.3390/engproc2026137023


Eng. Proc. 2026, 137, 23 7 of 12

5. Experimental Results
5.1. Functional Testing Results

A comprehensive black-box test was conducted on all major system features, including
authentication, novel browsing, genre filtering, reading mode interaction (pagination,
bookmarking, theme switching), audiobook playback (speed control, seek, pause/resume),
and admin content management.

All test cases passed successfully, indicating stable functionality across modules and
confirming that the system performed according to specification in both Android and
iOS environments.

5.2. User Experience (UX) Evaluation Results (n = 30)

A total of 30 respondents participated in the UX study, representing diverse mobile
reading and audiobook usage profiles. They interacted with the prototype for 15–20 min
before completing a 10-item evaluation based on a 5-point Likert scale (1 = Strongly
Disagree, 5 = Strongly Agree). Table 1 shows user experience evaluation results.

Table 1. User Experience (UX) Evaluation Results (n = 30).

UX Criterion Max Score (30 × 5) Obtained Score Acceptance (%)

Ease of navigation 150 123 82.0%
UI readability 150 118 78.7%
Reading–listening switching 150 126 84.0%
Audio player responsiveness 150 120 80.0%
Audio clarity 150 124 82.7%
Layout consistency 150 119 79.3%
Aesthetic appeal 150 122 81.3%
Feature usefulness 150 123 82.0%
Learning curve 150 119 79.3%
Overall satisfaction 150 124 82.7%

TOTAL 1500 1218 81.2%

Likert Scoring Summary
Maximum possible score = 30 respondents × 10 items × 5 = 1500
Total obtained score = 1218
System Acceptance = 1218/1500 × 100% = 81.2%
Interpretation: Very Satisfactory
The interpretation indicates that the system meets or exceeds user expectations in

most usability dimensions.

5.3. Findings

Qualitative feedback from participants highlighted several strengths of the system’s
multimodal reading experience. Users appreciated the smooth transition between reading
and listening, which enhanced convenience during multitasking scenarios. The intuitive
navigation structure supported effortless content exploration, while the clean and mini-
malist interface contributed to a low cognitive load during prolonged reading sessions.
Participants also valued the responsiveness and flexibility of the audio playback controls,
including speed adjustment, seeking, and pause/resume functions, which collectively
improved overall usability.

In addition to positive feedback, participants provided constructive suggestions for
further enhancement. Many expressed interest in the integration of AI-driven narration to
automatically generate audiobook content for texts without prerecorded audio. Users also
recommended expanding the audiobook library, incorporating an offline mode for reading
and listening during travel, and enabling greater personalization through adjustable font
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types, background themes, and reading mode settings. These insights offer valuable
direction for future development and refinement of the system.

6. AI-Driven Audiobook Narration Architecture Proposal
As audiobook consumption continues to grow, recent advancements in neural text-

to-speech (TTS) technology provide new opportunities for dynamically generating high-
quality narration. Unlike conventional audiobooks that rely on manual voice recording,
AI-driven narration enables automated, expressive, and multilingual audio production.
This section proposes an extension to the current system architecture to integrate AI-driven
audiobook narration into the mobile reading application.

Figure 5 illustrates the conceptual architecture.

Figure 5. Proposed system architecture for AI-driven audiobook.

The objective of integrating AI narration is to enhance accessibility, reduce production
time, and enable scalable audio generation for any text-based content. The proposed AI
narration module aims to achieve:

1. Automated Audio Generation—Convert text (novels, chapters, or user-uploaded
stories) into natural-sounding speech.

2. Expressive Narration—Support poetic rhythm, intonation, and emotional tone aligned
with narrative context.

3. Multilingual Support—Allow narration in different languages compatible with
reader preferences.

4. Personalized Voices—Enable users to select speaking style, gender, tempo, or emo-
tional profile.

https://doi.org/10.3390/engproc2026137023

https://doi.org/10.3390/engproc2026137023


Eng. Proc. 2026, 137, 23 9 of 12

5. Real-Time or Near-Real-Time Generation—Deliver narration instantly for small text
segments or asynchronously for larger content.

These goals align with research showing that AI narration enhances reading accessi-
bility and improves comprehension for users with visual, cognitive, or situational limita-
tions [26–30].

The AI-driven narration architecture extends the existing Flutter–Firebase system with
an additional Neural TTS Service Layer.

The workflow for AI-driven narration generation begins when the user selects a
chapter and initiates the “Generate AI Audio” action. The application then encodes the
selected text and transmits it to the backend service, which subsequently triggers either
a cloud-based TTS API or a local neural text-to-speech model. The AI engine processes
the input text and produces the corresponding narration audio, which is then uploaded
and stored in Firebase Storage. Once the audio file is ready, the mobile client receives a
notification and can either stream the narration directly or download it for offline access.
This end-to-end sequence—illustrating interactions between the user, client application,
backend, TTS engine, and storage components—is summarized in the AI Narration Gen-
eration Workflow, as shown in Figure 6. This workflow supports both synchronous and
asynchronous generation, enabling flexibility based on the selected TTS model and system
performance requirements.

Figure 6. Sequence diagram of the AI-driven audiobook narration workflow.

Integrating neural narration into the application presents several technical and UX
challenges. Advanced neural TTS models often require significant computational resources
and may involve cost-per-character processing, making optimization and caching essen-
tial for maintaining scalability. Ensuring voice consistency across chapters is equally
important, as variations in prosody or tone can disrupt narrative cohesion. Latency man-
agement also becomes a concern when processing lengthy text, requiring chunking or
asynchronous generation to maintain responsiveness. In addition, ethical and licensing
considerations—particularly in the use of cloned or synthetic voices—must align with
copyright and responsible AI guidelines to ensure safe and compliant deployment.

Despite these challenges, AI-driven narration provides valuable opportunities to en-
hance personalization and accessibility. Potential improvements include emotion-adaptive
narration, where AI adjusts vocal tone based on contextual cues; interactive reading as-
sistance, such as automatic highlighting or summarization; author-specific voice cloning,
enabling writers to virtually narrate their own works; and multilingual narration, allowing
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stories to be instantly converted into different languages. These enhancements, supported
by recent advances in neural TTS research [26–30], position the proposed architecture
as a flexible and forward-looking extension that significantly elevates the multimodal
reading experience.

7. Discussion
The results demonstrate that integrating audiobook features within a mobile reading

application substantially enhances accessibility and supports varied reading contexts.
Quantitative analysis shows that the system obtained an overall UX acceptance score of
81.2%, classified as very satisfactory. Descriptive statistics across the ten UX dimensions
reveal a mean score of 81.2%, a median of 81.65%, and a standard deviation of 1.78,
indicating high consistency in user responses and stable usability perception. The highest-
performing dimension was reading–listening switching (84.0%), confirming that seamless
multimodal transitions are a critical factor in user satisfaction. Other highly rated aspects
include audio clarity (82.7%) and navigation ease (82.0%), demonstrating strong support
for interaction efficiency. Meanwhile, UI readability (78.7%) and the learning curve (79.3%)
received the lowest—yet still positive—scores, highlighting areas for iterative refinement.
Functional testing yielded a 100% success rate, validating the robustness of the Flutter-based
modular architecture and its effectiveness for cross-platform deployment.

The addition of AI-driven narration extends the system’s capabilities and is strongly
supported by user expectations. Statistical feedback indicates that 73% of respondents
expressed high interest in AI-generated narration for books lacking prerecorded audio,
while 68% indicated increased likelihood of continued use if multilingual narration were
available. These values demonstrate a strong alignment between user needs and the pro-
posed AI roadmap. Neural TTS engines such as Google Neural2 TTS, Azure Neural Voice,
and VITS provide expressive and emotion-adaptive narration, enabling richer immersion
and supporting accessibility for visually impaired users. When integrated into an auto-
mated pipeline, these models reduce reliance on human narration, enhance scalability,
and offer multilingual conversion that traditional audiobook production cannot match.
Overall, statistical insights and qualitative patterns collectively highlight the system’s
potential to evolve into an intelligent multimodal reading platform that provides adaptive,
personalized, and highly accessible user experiences.

8. Conclusions and Future Work
This study successfully designed and developed an integrated text–audio mobile

reading application using Flutter and Firebase, demonstrating the feasibility of combining
reading and listening experiences within a unified cross-platform ecosystem. The system
architecture, interaction flow, and multimodal interface were implemented effectively,
enabling users to switch seamlessly between reading and audiobook playback. Results
from the mixed engineering–UX evaluation provide strong evidence of system reliability
and user acceptance: functional testing achieved a 100% success rate, while UX evaluation
yielded an overall satisfaction score of 81.2%, indicating that the application meets user
expectations for usability, clarity, and interaction quality. These findings confirm that
the multimodal approach enhances accessibility and supports a wider range of reading
contexts, reinforcing insights from recent research on digital reading engagement.

Future work will focus on implementing the proposed AI-driven audiobook narration
architecture to further enhance system capability and scalability further. Integrating neural
text-to-speech models will enable dynamic audio generation directly from textual content,
reducing reliance on manual narration and supporting rapid expansion of audiobook avail-
ability. Features such as voice personalization, emotion-adaptive narration, and instant
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multilingual conversion hold significant potential to elevate user immersion and broaden
accessibility for diverse audiences, including visually impaired readers and multilingual
learners. Additional enhancements may include offline processing, adaptive content recom-
mendation powered by user interaction patterns, and real-time synchronization between
AI-generated audio and text highlights. As AI-enhanced digital reading ecosystems con-
tinue to evolve, the integration of neural narration technologies positions this application as
a promising platform for future research in multimodal interaction, personalized learning,
and intelligent reading assistance.
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