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Abstract

This study explores how artificial intelligence can promote accessibility and inclusiveness
in digital culinary environments. Centred on the Receitas +Power platform, the research
adopts an exploratory, multidimensional case study design integrating qualitative and
quantitative analyses. The investigation addresses three research questions concerning
(i) user empowerment beyond recommendation systems, (ii) accessibility best practices
across disability types, and (iii) the effectiveness of Al-enabled inclusive solutions. The
system was developed following user-centred design principles and WCAG 2.2 standards,
combining generative Al modules for recipe creation with accessibility features such as
voice interaction and adaptive navigation. The evaluation, conducted with 87 participants,
employed the System Usability Scale complemented by thematic qualitative feedback.
Results indicate excellent usability (M = 80.6), high reliability (Cronbach’s o« = 0.798-0.849),
and moderate positive correlations between usability and accessibility dimensions
(r = 0.45-0.55). Participants highlighted the platform’s personalisation, clarity, and in-
clusivity, confirming that accessibility enhances rather than restricts user experience. The
findings provide empirical evidence that Al-driven adaptability, when grounded in uni-
versal design principles, offers an effective and ethically sound pathway toward digital
inclusion. Receitas +Power thus advances the field of inclusive digital gastronomy and
presents a replicable framework for human-AI co-creation in accessible web technologies.

Keywords: accessible web design; artificial intelligence; inclusive digital gastronomy;
system usability evaluation

1. Introduction

Domestic cooking remains an integral aspect of contemporary lifestyles, although
its frequency varies across cultural and socioeconomic contexts. The ongoing digitisa-
tion of gastronomic ecosystems has intensified the creation, experimentation, and sharing
of recipes across digital platforms [1-5]. However, this transition has exposed persis-
tent accessibility limitations that constrain the participation of users with diverse types
of impairment.
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Despite the wide availability of online culinary content, significant barriers continue
to affect individuals with motor, visual, auditory, or cognitive disabilities. Recent global
estimates indicate that approximately 1.3 billion people live with some form of disability,
representing around 16 percent of the world population [6-10]. This situation underscores
the relevance of developing inclusive digital solutions. Nonetheless, most culinary websites
and mobile applications prioritise content sharing, recommendation mechanisms, and
personalisation features, while accessibility requirements remain insufficiently addressed.
As a result, only a limited number of platforms comply with the Web Content Accessibility
Guidelines (WCAG) established by the World Wide Web Consortium (W3C) [11-13]. This
gap illustrates a consistent mismatch between existing technological provision and the
practical needs of users with different accessibility profiles.

The literature indicates that digital accessibility, inclusive design, and personalisation
are essential components for ensuring equitable user experiences in online environments.
Prior studies examine food preferences, recommendation systems, and user customisation
in culinary platforms, although these works rarely articulate such aspects with accessibility
requirements or with the needs of users with disabilities [14-16]. Consequently, a clear re-
search gap persists regarding how culinary platforms can effectively combine autonomous
recipe creation, personalisation, and compliance with accessibility standards.

The Receitas +Power project was developed to address this gap. The platform in-
tegrates user-centred design principles and artificial intelligence components to support
compliance with WCAG 2.2, improving perceivability, operability, understandability, and
robustness [17,18]. Its web-based environment enables accessible recipe creation, visu-
alisation, management, and sharing. This approach provides a scalable and replicable
framework for inclusive user experience (UX) design within digital gastronomy.

The research was guided by the following questions:

e QI: Do existing digital platforms enable users to create and customise their own
culinary recipes beyond mere recommendation systems?

e (Q2: What best practices and design principles ensure web accessibility across different
disability types?

e  (3: Which digital solutions are most effective in ensuring accessibility and inclusive-
ness in culinary applications?

These questions delimit the research gap and support the study objectives, which aim
to assess the limitations of current platforms and to propose an inclusive model informed
by contemporary web development technologies and artificial intelligence.

The remainder of this article is organised as follows. Section 2 reviews the theoretical
foundations related to digital accessibility, inclusive design, personalisation, and recom-
mendation technologies. Section 3 presents the architecture and development process of
the Receitas +Power platform. Section 4 outlines the research methodology and analytical
procedures. Section 5 reports and discusses the empirical findings. Section 6 concludes the
article with theoretical implications, limitations, and directions for future research.

2. Literature Review

Building on the digital gastronomy perspective, the intersection of artificial intel-
ligence, digital accessibility, and personalisation has become increasingly relevant for
contemporary food-related platforms as gastronomic practices migrate to online environ-
ments. In this context, Al-based systems have enabled advanced levels of personalisation,
automation, and multimodal interactivity, fostering more intuitive and inclusive user
experiences [11,12,19,20].

Digital gastronomy can be defined as a human-centred research and design territory
that integrates computational technologies into culinary practice and food-related experi-
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ences, not merely to automate cooking, but to expand creativity, precision, and interaction
across the full food pipeline. Recent accounts describe an evolution towards digital gastron-
omy 2.0, in which Al-enabled systems increasingly mediate culinary ideation, authoring,
and experience design, alongside other technological trajectories such as robotic workflows
and digital fabrication. Consequently, digital gastronomy spans both consumer-facing plat-
forms and experimental culinary-tech systems, with a shared focus on how computation
reshapes creation, communication, and participation in gastronomy [21-23].

Within this framing, Al supports digital gastronomy by enabling co-creation, adaptive
guidance, and multimodal content generation that can increase user agency beyond passive
recommendation. However, for digital gastronomy systems to be genuinely participatory at
scale, accessibility must be treated as a first-order design requirement, given the procedural
complexity and multimodality of recipes (text, images, step sequences, and interactive
operations). Notably, while digital gastronomy 2.0 emphasises computational creativity and
new interaction paradigms, standards-based accessibility is still inconsistently embedded in
food-related digital systems; therefore, the present study positions accessibility-by-design
as a complementary innovation driver within Al-enabled digital gastronomy [21].

The integration of recommendation algorithms, image recognition, and natural lan-
guage generation has optimised nutritional analysis, dietary planning, and user engage-
ment through dynamic, data-driven content. In food-related platforms, these techniques
are commonly operationalised through recommender systems that suggest recipes, in-
gredients, or meal plans based on user preferences, dietary restrictions, or behavioural
data [24,25]. These developments have broadened the scope of human—AI collaboration in
food technology, allowing users to make more informed and personalised dietary choices.

Despite these advances, the dominant research and development focus in culinary
platforms remains centred on efficiency, convenience, and personalization, while accessibil-
ity is frequently treated as a secondary or optional concern. Many culinary applications
continue to prioritise convenience and personal customisation over universal accessibil-
ity, thereby excluding significant user groups, particularly those with disabilities [26].
This imbalance reflects a persistent gap between Al-centred innovation and inclusive
digital design.

A comparative analysis of contemporary platforms such as Mealime [27], SideChef [28],
BigOven [29], and Cookpad [30] reveals this limitation clearly. These systems provide
comprehensive functionalities, recipe generation, ingredient management, and social inter-
action. However, accessibility-related features such as keyboard-only navigation, screen
reader optimisation, alternative text for multimedia content, or adaptive presentation for
cognitive accessibility are rarely implemented in a systematic manner. Few incorporate
mechanisms such as voice control, screen reader optimisation, or adaptive visual contrast,
which are essential for users with sensory, motor, or cognitive impairments. Consequently,
while these platforms succeed in enhancing usability, they fall short of achieving full digital
inclusiveness, indicating a continuing disparity between technological sophistication and
accessibility integration. These platforms are referenced here as representative, widely
adopted consumer-facing instances of digital gastronomy in practice; the associated web-
site sources are used only to document publicly described features and interaction flows,
whereas conceptual claims and research gaps are grounded in peer-reviewed literature.

Recent research has demonstrated that deep learning techniques have gained promi-
nence in culinary informatics, encompassing areas such as ingredient recognition, recipe
prediction, and automated meal planning [20,31,32]. Convolutional and transformer-based
neural networks have achieved high accuracy in food classification and context-aware
recommendation [19,20,32]. Nevertheless, these systems are predominantly evaluated
according to predictive performance and recommendation accuracy, with limited consid-
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eration of accessibility, transparency, or user diversity as design criteria. Studies such as
Pacifico et al. [32] represent preliminary attempts to address this deficiency by applying col-
laborative filtering to generate allergen-safe recipes, combining Al reasoning with inclusive
content adaptation. However, such approaches remain the exception rather than the norm.

From an accessibility perspective, digital gastronomy platforms present specific chal-
lenges related to multimodal content, procedural complexity, and cognitive load. Recipes
typically combine text, images, videos, and sequential instructions, which can pose sig-
nificant barriers for users with visual, motor, or cognitive impairments if not designed
according to accessibility standards. Web accessibility therefore constitutes a foundational
requirement for inclusive participation in digital culinary environments.

Web accessibility forms the normative and regulatory foundation for inclusive digital
development [33]. The Web Content Accessibility Guidelines 2.1 and 2.2, supported by
ISO/IEC 40500:2012, ISO 9241-210:2019, and ISO 9241-11:2018, define four essential princi-
ples, perceivability, operability, understandability, and robustness, that underpin accessible
design [13,34-37]. These principles are particularly relevant in food-related platforms,
where users must be able to perceive ingredients and instructions, operate interfaces under
diverse physical conditions, understand procedural steps, and rely on compatibility with
assistive technologies.

Although accessibility standards have been successfully applied across sectors such
as business software, educational platforms, and conversational agents [17,18,37,38], their
systematic adoption in culinary and lifestyle-oriented applications remains limited. Ac-
cessibility research also exhibits a structural asymmetry, as visual impairments are dis-
proportionately represented, whereas auditory, cognitive, and motor dimensions remain
underexplored [34,37]. As Horton and Quesenbery [39] argue, accessibility must be em-
bedded from the earliest stages of design rather than treated as a post-development
corrective measure.

Personalisation and accessibility are frequently addressed as independent concerns
in the literature, despite growing evidence that they can be mutually reinforced. Adap-
tive interfaces, simplified navigation paths, and user-controlled content generation can
simultaneously support individual preferences and accessibility needs. Chemnad and Oth-
man [17] emphasise that Al can facilitate automatic accessibility evaluation and dynamic
content adaptation, enabling continuous compliance with evolving accessibility standards.
Similarly, Manca et al. [18] and Vera-Amaro et al. [40] advocate for transparent, user-
centred accessibility frameworks that leverage Al to detect and mitigate usability barriers
in real time.

Within human—computer interaction (HCI), several authors argue that inclusive digital
systems require iterative prototyping, mixed-methods evaluation, and participatory co-
design to ensure responsiveness to the diverse needs of users [41—43]. In food-related
contexts, this implies moving beyond passive recommendation toward systems that support
active user participation, co-creation, and adaptive guidance. Such approaches align
with emerging perspectives on human-AI co-creation, in which users retain agency and
authorship while benefiting from computational assistance [44].

In this context, Receitas +Power emerges as a practical response to these conceptual
and empirical gaps. The project operationalises the principles of universal design, inclusive
interaction, and generative Al (GAI) within a single culinary web platform. Unlike exist-
ing applications, it treats accessibility not as an auxiliary function but as a fundamental
design criterion. Through the integration of multimedia guidance, speech synthesis, and
machine-generated recipe videos, it aims to provide equitable participation for users with
diverse abilities.
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By jointly addressing accessibility, personalisation, and Al-supported co-creation,
Receitas +Power contributes to a more integrated understanding of digital gastronomy
as a site of technological and social inclusion. This synthesis advances the literature
by demonstrating how accessibility-aware Al systems can extend the scope of culinary
platforms beyond recommendation, supporting autonomy, creativity, and inclusive user
experience [11,25,38,44,45].

3. Development of the ‘Receitas +Power” Platform

The Receitas +Power platform [46] was designed as an inclusive digital ecosystem that
promotes culinary creativity while ensuring universal accessibility. Designed for users with
diverse abilities, the platform enables the creation, visualisation, and sharing of recipes
through an adaptive, Al-assisted interface.

The software development methodology adopted was Prototyping [47,48], user-
centred and accessibility-oriented, grounded in the WCAG 2.2 [13] guidelines and the
principles of Human—-Computer Interaction (HCI). Following the development phases of
the methodology illustrated in Figure 1, the defined iterations were: (1) user management
and authentication; (2) recipe creation and visualisation; (3) recipe storage and retrieval;
and (4) integration of accessibility elements. Each iteration involved user testing and
refinement cycles, ensuring that design decisions were guided by empirical feedback.

Iterative Development and Evaluation Process
for the ‘Receitas +Power’ Platform

Communication Modeling
¢ Goal setting ¢ User Management
* Gather requirements * Recipe Construction

* Recipe Management
* Accessibility Elements

Evaluation Implementation
¢ Usability testing « Platform development
¢ Analysis

¢ Refinement

Figure 1. Software methodology Prototyping.

3.1. Conceptual and Architectural Design

The conceptualisation and system architecture were guided by user-centred design
principles [44] universal accessibility standards [49], and usability heuristics [50]. The goal
was to build a platform capable of supporting independent recipe creation, editing, and
sharing for all user profiles.

Accessibility was ensured through semantic HyperText Markup Language (HTML)
5 markup and Web Accessibility Initiative—Accessible Rich Internet Applications (WAI-
ARIA) 1.2 attributes [51], guaranteeing compatibility with assistive technologies such as
screen readers, voice navigation, and alternative input devices.

Figure 2 presents the platform’s conceptual architecture, which integrates AI modules
within an accessible user interface (UI) and a compliant controller-model structure, unified
under a security and accessibility validation layer.
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Figure 2. Accessible system architecture integrating Al and WCAG 2.2-compliant design.

3.2. System Architecture and Implementation

The platform’s information architecture balances simplicity and adaptability, maintain-
ing cognitive clarity while supporting scalability. The database schema is built around four
key entities, Recipe, Ingredient, Utensil, and Quantity, providing a normalised relational
model for efficient data management and future Al integration [52].

Figure 3 illustrates the modular Laravel-based layered architecture, composed of the
Frontend /Ul, Application, and Database layers connected through Representational State
Transfer (RESTful) APIs [53]. This structure ensures maintainability, facilitates accessibility
integration, and supports GAI functionalities.

Frontend/Ul Layer

Accessibility

Management Creation Module

User } { Recipe

RESTful API

A 4

Laravel Application Layer

Al Integration Accessibility
Controls

RESTful API

A 4

Database Layer

{ Recipe Entities ]

Figure 3. Modular system architecture of Receitas +Power.

3.3. Integration of Generative Artificial Intelligence and Accessibility Validation

A feature of Receitas +Power is its GAI module, which assists users in producing
coherent, contextually accurate cooking instructions. Based on selected ingredients and
utensils, the system automatically generates step-by-step recipes, reducing cognitive load
and enhancing autonomy.
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Several generative models were evaluated, including ChatGPT (OpenAl, San Francisco,
CA, USA, based on GPT-40 model) [54], Hugging Face (Hugging Face Inc., New York, NY,
USA) [55], and DeepSeek (DeepSeek Al, China, employing the DeepSeek-V2 language
model) [56] for text generation, and Stable Diffusion (Stability Al, London, UK, using Stable
Diffusion XL and Stable Diffusion 3 models) [57] and Vidnoz (Vidnoz Ltd., Hong Kong,
China) [58] for image and video synthesis. Due to computational and reliability constraints,
the final implementation adopted the OpenRouter API (OpenRouter Inc., New York, NY,
USA) [59] using the mistralai/mixtral-8X 7b-instruct model. This configuration provided a
balance between linguistic coherence, scalability, and performance [42].

The system was implemented using the Laravel framework (v10.0, Laravel LLC, Taylor
Otwell, Benton, AR, USA), chosen for its modularity, maintainability, and adherence to
accessibility-oriented design. Its Model-View—Controller (MVC) architecture separated
data handling, interface logic, and interaction management, ensuring clean code and
scalability [60].

The frontend was designed to be visually appealing, responsive, and fully accessible,
as illustrated by Figure 4. The main interface allows users to create and manage recipes
intuitively, with consistent navigation, legible typography, and compliance with WCAG 2.2
Level AA.

@ Home Page Revenues (] Regi i Login

Create Recipe View Recipes

Figure 4. Accessible user interface of Receitas +Power, displaying navigation, recipe creation, and
management options. All usability and accessibility tests were conducted on laptop computers
running Windows 11 (Microsoft Corporation, Redmond, WA, USA) using Google Chrome (v120.0,
Google LLC, Mountain View, CA, USA).

Security was ensured through Laravel’s built-in protocols for input validation, en-
cryption, and role-based access control. The responsive layout guarantees accessibil-
ity across screen resolutions and device types, including smartphones, tablets, and
desktop computers.

Usability testing constituted a core validation stage. A pilot group of 87 participants
with diverse digital literacy and accessibility needs evaluated the platform across devices.
Mixed observation and questionnaire methods were used to assess navigation ease, com-
prehension, satisfaction, and accessibility perception.
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Figure 5 shows the inclusive ingredient and utensil selection interface, which allows
users to choose components using visual and textual aids.
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Figure 5. Ingredient and utensil selection interface demonstrating accessible interaction design (labels

shown in Portuguese). All usability and accessibility tests were conducted on laptop computers
running Windows 11 (Microsoft Corporation, Redmond, WA, USA) using Google Chrome (v120.0,
Google LLC, Mountain View, CA, USA).

Once selections were finalised, the Al module generated procedural text and accessible
formatting, as shown in Figure 6.

e A Z - T

Passo a Passo da Receita

Gerar com IA

Se gerar com IA, releia 0 passo a passo para confirmar

2. Em seguida, numa panela, adicione um fio de azeite e deixe aquecer.

3. Quando o azeite estiver quente, junte o alho previamente ralado e deixe-o sofrer ligeiramente, sem que se torne castanho.

| 4. Segue-se a adi¢do da cenoura ralada. Mexa regularmente, de modo a que a cenoura se cozinhe uniformemente.

) 5. Quando a cenoura estiver cozinhada, mas ainda com um pouco de resisténcia, junte o arroz € mexa bem, para que o arroz se impregne do
sabor da cenoura e do alho.

6. Tempere com um colher de sopa de sal e mexa de novo.

7. Por fim, junte os quatro copos de agua e deixe ferver. Reduza o fogo para médio e deixe cozinhar o arroz até ficar com uma textura cremosa.
8. Num prato, despeje o arroz cozido e nivele a superficie com a colher de pau.

9. A sua receita de arroz a cenoura esta pronta para servir.

a
1. Comece por ralar a cenoura e o alho preto previamente pelados. Reserve. ‘

Figure 6. Al-generated step-by-step recipe interface supporting text and auditory narration (labels
shown in Portuguese). All usability and accessibility tests were conducted on laptop computers
running Windows 11 (Microsoft Corporation, Redmond, WA, USA) using Google Chrome (v120.0,
Google LLC, Mountain View, CA, USA).

Figure 7 presents the final recipe visualisation view, combining ingredients, utensils,
and sequential steps optimised for screen readers and compliant with WCAG 2.2 AA.

Feedback-informed continuous refinements: font adjustments, enlarged buttons, op-
tional narration, improved keyboard focus indicators, and enhanced colour contrast.

Accessibility validation was integrated across all development phases, using both
automated and manual testing. The Web Accessibility Evaluation (WAVE) Tool (WebAIM,
Utah State University, Logan, UT, USA) [26] confirmed full WCAG 2.2 compliance, ensuring
conformance to the four POUR principles: Perceivable, Operable, Understandable, and
Robust [39,61].
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Ingredients

1 Units

Carrot

2 Cup:

v Rice

Carrot Rice

Recipe created by o James

R

Utensils Steps

1 = I Pan 1. Start by carefully washing the carrot,
removing the skin and cutting it into
small pieces.
* —— Wooden spoon

2. Chop the garlic into very small

pieces.

1 tablespoon

Salt

3. Then, heat the pan over medium
heat and add enough olive oil to cover
the bottom of the pan

1 Units

Garlic

4 Cup
Water

4. When the oil is hot, add the chopped
garlic and let it cook until it releases its
aroma, but without browning too much

5. Now, add the carrot pieces to the
pan and stir reqularly. letting them cook

Figure 7. Structured recipe visualisation interface optimised for assistive technologies. All usabil-
ity and accessibility tests were conducted on laptop computers running Windows 11 (Microsoft
Corporation, Redmond, WA, USA) using Google Chrome (v120.0, Google LLC, Mountain View,
CA, USA).

Key accessibility features include full keyboard operability, descriptive alternative text,
adjustable typography, focus indicators, and seamless compatibility with screen readers
and speech input. These measures collectively ensured usability parity for all users.

3.4. Summary of Development Approach

The Receitas +Power project exemplifies how inclusive design, GAI, and scalable web
technologies can converge to create a socially responsible and technologically advanced
digital platform. By embedding accessibility as a structural design parameter, rather than as
an afterthought, the platform demonstrates that innovation and inclusiveness are mutually
reinforcing objectives.

This modular, Al-augmented, and standards-compliant framework offers a replicable model
for inclusive digital transformation across other domains of human-technology interaction.

4. Methodology

This section details the methodological framework adopted to develop and evaluate
the Receitas +Power platform. It outlines the research design, prototyping process, acces-
sibility integration, participant recruitment, and data analysis procedures used to ensure
methodological rigour and empirical validity.

4.1. Research Design

This study adopts an exploratory and multidimensional research design, structured as
a case study centred on the Receitas +Power web platform. The approach combines quali-
tative and quantitative analyses to capture both the experiential and measurable aspects of
accessibility and usability in Al-enhanced culinary systems. Given the project’s dual focus,
technological development and inclusive user experience, the case study framework was
considered the most appropriate for examining the interplay between design processes,
user interaction, and accessibility outcomes [41,43,47].

Although the study follows a predominantly exploratory and qualitative orientation,
complementary quantitative analyses were integrated to assess the reliability of the mea-
surement instruments and to explore possible relationships among conceptual dimensions.
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This methodological pluralism aligns with current recommendations for mixed-methods
research in HCI and accessibility studies [42,43].

The research design adopted in this study integrates two interdependent components,
the iterative development of the platform and the empirical evaluation of its use. The
exploratory case study approach was selected because it enables a contextualised and
holistic examination of how accessibility principles and user-centred design practices
can be operationalised within a concrete digital solution. This rationale is aligned with
established methodological recommendations in Human—-Computer Interaction [41,42]
and accessibility research [17,33]. Within this framework, development and evaluation
do not operate as parallel processes but constitute complementary stages of a continuous
investigative cycle in which design decisions are informed by empirical evidence and
refined through successive user testing. This multidimensional methodological structure
supports an integrated examination of the three research questions, linking accessibility
criteria (WCAG 2.2 [10]), design practices, and observable outcomes in real usage contexts.

The research data collected are methodologically aligned with the objectives of the
study and the defined research questions. Quantitative data obtained through the System
Usability Scale (SUS) and subsequent reliability and correlational analyses support the
assessment of overall usability, satisfaction, and perceived inclusion. Complementarily,
qualitative data derived from open-ended participant feedback enables an in-depth ex-
amination of user empowerment, accessibility perception, and interaction clarity. This
mixed-methods approach ensures that both measurable outcomes and experiential di-
mensions are systematically addressed, thereby providing adequate empirical evidence to
evaluate the effectiveness of Al-enabled accessible design within the scope of the study.

4.2. System Development and Prototyping

The development of Receitas +Power followed an iterative prototyping methodology,
in line with agile user-centred design principles [41,47]. Each iteration included com-
munication, rapid planning, modelling, construction, and user feedback. The technical
implementation relied on PHP (v8.2, PHP Group, worldwide open-source community) [62],
HTML5 (W3C Recommendation) [63], CSS3 (ECMAScript 2023) [64], and JavaScript
(ECMAScript 2023) [65], supported by the XAMPP (v8.2, Apache Friends, Berlin, Ger-
many) local server environment [66] and MySQL (v8.0, Oracle Corporation, Austin, TX,
USA) database management system [67].

The prototyping process enabled progressive refinement of interface components,
ensuring alignment between usability objectives and accessibility requirements. Early
prototypes focused on user management and basic recipe creation, while later iterations
incorporated multimedia elements (e.g., video instructions generated through Al) and ac-
cessibility features designed according to WCAG 2.2 and ISO 9241-210 standards [13,35,36].

Each prototyping iteration functioned simultaneously as a development step and as a
mechanism for empirical data generation, consistent with iterative models widely applied
in software and interaction design research [47,48]. Heuristic inspections, accessibility
testing based on WCAG 2.2 and WAI-ARIA 1.2 guidelines [10,33], and participant feedback
enabled the identification of barriers, adjustment of interface components, and validation
of implemented accessibility solutions. This integrated process reinforces the investigative
nature of the development phase, demonstrating that the platform evolved not only as a
technological artefact but also as an empirical object capable of producing knowledge on
accessibility, usability, and Al-assisted co-creation [17,18,44]. Consequently, the prototyping
cycle contributed directly to answering the research questions by providing evidence that
connects design decisions with user perceptions and interaction behaviours.
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The alignment between the research questions, analytical variables, and data analysis
procedures is summarised as follows.

Q1 (Personalisation) is addressed through variables related to perceived control,
recipe co-creation, and adaptability, derived from specific questionnaire items and
qualitative feedback.

Q2 (Accessibility) is examined through variables capturing perceived accessibility,
clarity of interaction, and support for diverse functional profiles, grounded in WCAG
2.2-compliant design features and user evaluation.

Q3 (Inclusion and overall effectiveness) is analysed through global usability, sat-
isfaction, and inclusion-related measures, integrating quantitative usability scores and
qualitative perceptions.

This explicit mapping ensures coherence between the research objectives and the
analytical strategy adopted in the study.

The first research question, concerning user empowerment and co-creation, is ad-
dressed through functional analysis during platform development and qualitative feedback,
operationalised through variables related to perceived control, adaptability, and recipe
cocreation, consistent with prior studies highlighting the role of Al in supporting creativity
and authorship [40,44].

The second research question, focused on accessibility practices, is examined through
the integration of WCAG 2.2 and WAI-ARIA 1.2 guidelines [10,13,34] in the design process
and through evaluation involving participants with diverse functional profiles, using vari-
ables associated with perceived accessibility, interaction clarity, and support for different
disability types, following international recommendations for accessibility studies [38,51].

The third research question, which investigates the effectiveness of inclusive digital
solutions, is analysed through quantitative assessment using the SUS [52,60] and through
reliability and correlational analyses applied to the dimensions corresponding to Q1-Q3.

These analytical procedures are appropriate to the exploratory nature of the study, as
they allow the assessment of measurement consistency and the examination of associative
relationships between variables without implying causal inference.

This synthesis strengthens the methodological coherence of the study by demonstrat-
ing that the different data sources contribute complementarily to an integrated understand-
ing of the research problem.

4.3. Accessibility Integration

Accessibility was operationalised through the integration of W3C’s WCAG 2.2 guide-
lines and WAI-ARIA 1.2 specifications [13,34]. Design elements prioritised perceivability
(clear contrast ratios and alternative text), operability (keyboard navigation and voice-
assistant compatibility), understandability (simplified language and consistent layout), and
robustness (cross-browser and assistive technology compatibility).

Automated evaluation tools such as WAVE [26] and manual heuristic inspections
were employed to identify and address accessibility issues during development. The
system architecture was informed by contemporary frameworks for Al-driven accessibility
evaluation and content adaptation [14,15,17,18], ensuring compliance with both technical
and ethical standards [50,51].

The alignment between the research questions and the methodological procedures is
summarised as follows. The first research question, concerning user empowerment and
co-creation, is addressed through functional analysis during platform development and
qualitative feedback, consistent with prior studies highlighting the role of Al in supporting
creativity and authorship [19,44]. The second research question, focused on accessibility
practices, is examined through the integration of WCAG 2.2 and WAI-ARIA 1.2 guide-
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lines [13,31] in the design process and through evaluation involving participants with
diverse functional profiles, following international recommendations for accessibility stud-
ies [36,42]. The third research question, which investigates the effectiveness of inclusive
digital solutions, is analysed through quantitative assessment using the SUS [49,57] and
through internal consistency and correlational analyses exploring relationships among
usability, satisfaction, and accessibility perception. This synthesis strengthens the method-
ological coherence of the study by demonstrating that the different data sources contribute
complementarily to an integrated understanding of the research problem.

4.4. Evaluation Procedure and Participants

The empirical evaluation involved 87 participants recruited through voluntary online
participation and community outreach via an open public call disseminated by educational
institutions and Associacao +Power. The recruitment text described the study objectives, the
voluntary nature of participation, adult-only eligibility, an estimated duration of 10-15 min,
and the anonymous and non-identifiable treatment of data. Participation consisted of
autonomous exploration of the Receitas +Power platform followed by completion of an
online questionnaire.

Eligibility criteria required participants to be at least 18 years old, able to use a com-
puter or smartphone independently, and willing to provide informed consent. No financial
or material compensation was offered, and no pre-screening questionnaire was adminis-
tered. Participation therefore relied on informed self-selection, which is acknowledged as a
limitation of this exploratory design [41,42].

The number of participants with self-reported disabilities reflects the exploratory
nature of the study and the voluntary, non-stratified recruitment process. The inclusion of
this subgroup aimed to ensure functional diversity and to validate accessibility-oriented
design decisions, rather than to achieve statistical representativeness across disability types.
Prior to accessing the questionnaire, all participants were presented with an informed
consent statement outlining the study objectives, voluntary participation, the right to
withdraw without penalty, exclusive use of data for scientific research, and aggregation of
results, in accordance with established research ethics guidelines [50,51].

The evaluation combined quantitative and qualitative methods. Usability was assessed
using the SUS [52,60], complemented by three open-ended questions addressing user
experience: (i) what participants liked most about the platform, (ii) difficulties encountered
during use, and (iii) suggestions for improving accessibility, usability, or functionalities.
These qualitative questions supported the thematic analysis reported in Section 5.6 and
provided contextualised insights into accessibility, visual clarity, and interaction flow, in
line with mixed-methods recommendations for usability and accessibility research [41-43].

Participants interacted with the platform under autonomous conditions, using their
own devices and assistive technologies when applicable. Core tasks included navigating
recipes, creating or adapting content with Al support, and consulting culinary instructions.
Accessibility features such as keyboard navigation, screen reader compatibility, and text-
to-speech functionality were available. No critical accessibility barriers were identified,
and reported difficulties were mainly associated with initial familiarisation with the Al-
supported interaction flow.

4.5. Data Analysis

Quantitative data were analysed using descriptive statistics, reliability testing, and
correlational analysis to assess internal consistency and interdimensional relationships
among usability constructs, following established usability testing procedures [68]. The
SUS was used to compute mean scores and standard deviations, while the Cronbach’s alpha
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coefficient was applied to evaluate the internal consistency of subscales. Pearson’s corre-
lation coefficients were calculated to examine associations between usability, satisfaction,
and accessibility.

Qualitative responses were examined through thematic analysis, following a mixed
inductive-deductive approach. Themes were coded manually, verified by two independent
researchers, and cross-compared to ensure interpretive reliability. Integration of quantita-
tive and qualitative findings followed a triangulation strategy, enabling cross-validation of
usability metrics and user perceptions.

Internal consistency was assessed for each analytical dimension derived from the evalu-
ation instrument. The three dimensions, Q1 (Personalisation), Q2 (Accessibility), and Q3 (In-
clusion), presented satisfactory to high reliability, with Cronbach’s « values of 0.798, 0.821,
and 0.849, respectively. Pearson correlation coefficients between dimensions ranged from
0.45 to 0.55, indicating moderate positive associations without conceptual redundancy.

4.6. Methodological Limitations

Consequently, the research design assumes an iterative and multidimensional structure
that combines technical development, accessibility analysis, and empirical evaluation,
enabling simultaneous examination of both the design process and its observed outcomes
in real contexts of use. This approach consists of contemporary methodological proposals
in accessibility research, which emphasise continuous evaluation, user participation, and
progressive refinement of digital systems [17,18,36]. By making this integrative logic
explicit, it becomes clear that the two components of the study, development and evaluation,
jointly contribute to addressing the three research questions and to generating relevant
knowledge on accessibility, generative Al, and digital inclusion.

As an exploratory case study, this research does not aim for statistical generalisation
but rather for analytical insight into inclusive design practices. The participant sample,
although diverse, was not probabilistically selected, and therefore caution should be ex-
ercised in extrapolating results. Nonetheless, the mixed-methods approach ensured both
depth and reliability of analysis, making the findings relevant for subsequent empirical
validation in larger and more heterogeneous populations.

Future studies should incorporate longitudinal tracking and behavioural analytics to
observe sustained engagement with accessible interfaces over time. Additionally, compara-
tive experiments across different Al models could further clarify the specific contribution
of generative intelligence to accessibility outcomes.

5. Data Analysis and Results

This section presents the empirical findings derived from both quantitative and qual-
itative analyses. It summarises participant demographics, explores responses to each
research question, and discusses the implications of the results for accessibility, usability,
and Al-enabled inclusiveness.

Emphasis is placed on the interpretative integration of usability metrics, participant
feedback, and the study objectives, to strengthen the analytical robustness of the findings.

5.1. Overview of Findings

The findings provide robust evidence that combining Al with accessibility standards
can substantially enhance inclusiveness, usability, and user satisfaction in digital culinary
environments. Quantitative and qualitative analyses collectively address the three re-
search questions (Q1-Q3), examining user empowerment, accessibility practices, and the
effectiveness of Al-enabled inclusive solutions.
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Rather than treating these dimensions independently, the results reveal a consistent
pattern in which perceived usability, accessibility support, and user empowerment mutually
reinforce one another, thereby supporting the study’s overarching objective of evaluating
inclusive, human-centred Al systems.

5.2. Participant Demographics and Digital Profiles

A total of 87 participants completed the usability and accessibility evaluation of
Receitas +Power. As summarised in Table 1, the sample represented diverse age groups,
balanced gender distribution, and varying levels of digital literacy. The inclusion of
participants with visual, cognitive, and other functional limitations ensured that multiple
accessibility perspectives were reflected in the dataset.

Table 1. Participant demographics and digital profiles (n = 87).

Variable Categories
Age 18-30 (29%), 31-40 (38%), 41-46 (33%)
Gender Female (33%), Male (62%), Other (5%)
Digital literacy Basic (28%), Intermediate (33%), Advanced (39%)
Device type Smartphone (66%), PC ! (24%), Tablet (10%)
Disability type None (81%), Visual (5%), Cognitive (5%), Other (9%)

1 PC: Personal Computer.

Demographic diversity aligns with inclusive HCI research recommendations, strength-
ening the ecological validity of the analysis and ensuring that findings capture a wide range
of user experiences [42,43].

This heterogeneity was particularly relevant for the qualitative analysis, as it enabled
the identification of convergent themes across users with and without disabilities, as well
as disability-specific accessibility priorities.

5.3. Q1: User Empowerment Beyond Recommendation Systems

Addressing Q1, participants consistently reported that Receitas +Power extended be-
yond traditional recommendation systems by allowing genuine recipe co-creation. Through
Al-assisted ingredient recognition, allergen detection, and nutritional recalculation, users
could modify or generate recipes dynamically.

Thematic analysis highlighted control, creativity, and flexibility as recurring descrip-
tors, suggesting that participants experienced a sense of authorship rather than passive
consumption. These results align with Bondevik et al. [19] and Starke et al. [24], who
emphasise autonomy as a central motivator of engagement in culinary recommender sys-
tems. Consequently, Receitas +Power exemplifies human—AlI co-creation by transforming
recommendation algorithms into participatory creative tools [44].

Qualitative comments further clarify how empowerment was operationalised in prac-
tice. Participants frequently associated empowerment with the ability to make informed,
personalised decisions, rather than merely receiving algorithmic suggestions. This percep-
tion directly addresses Q1 by demonstrating that empowerment emerged not only from
functional system capabilities, but also from users’ subjective experience of control and
agency during interaction.

5.4. Q2: Accessibility Design Across Disability Types

For Q2, the study investigated how accessibility guidelines could support diverse dis-
ability profiles. Automated evaluation using WAVE [26] and manual inspection confirmed
compliance with WCAG 2.2 and WAI-ARIA 1.2 standards [13,34].
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Participants with visual or motor impairments valued the system’s text-to-speech,
voice command, and keyboard navigation features, while those with cognitive challenges
highlighted the importance of clear structure, readable typography, and simplified textual
content. These results reaffirm Horton and Quesenbery’s [39] assertion that accessibility
must be designed proactively rather than retrofitted. They also support Miesenberger
et al. [38], demonstrating that accessibility and usability reinforce one another when ad-
dressed holistically.

Importantly, qualitative feedback revealed that accessibility features were rarely per-
ceived as auxiliary or compensatory. Instead, participants described them as integral to
efficient interaction, regardless of disability status. This finding strengthens the response
to Q2 by indicating that inclusive design decisions contributed to overall usability, rather
than introducing barriers or trade-offs for non-disabled users.

5.5. Q3: Effectiveness of AI-Enabled Inclusive Solutions

The third research question assessed the overall usability, efficiency, and satisfaction
with the platform. Quantitative analysis based on the SUS indicated consistently high
ratings, as summarised in Table 2.

Table 2. Descriptive statistics for the SUS (n = 87) 1.

Metric Mean Standard Deviation Minimum Maximum Interpretation
SUS 2 overall score 80.6 8.2 62.5 96.3 Excellent usability
Learnability subscale 82.1 7.9 65.0 95.0 Very high
Efficiency subscale 79.8 8.6 60.0 94.0 High
Satisfaction subscale 80.0 8.3 61.0 93.0 High

! Interpretation after Bangor et al. [52]. 2 SUS: System Usability Scale.

The distribution of scores is illustrated in Figure 8, which shows a clear cluster-
ing between 75 and 90, indicating that most participants evaluated the system as good
to excellent.
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Figure 8. Distribution of SUS scores (1 = 87).
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To ensure internal consistency, Cronbach’s « and Pearson correlations were calculated
for each construct, as shown in Table 3.

Table 3. Reliability and correlation coefficients for usability constructs *.

Construct Cronbach’s «  Pearson Correlation (r)  Significance (p)
Usability 0.849 0.52 <0.001
Satisfaction 0.821 0.45 <0.001
Accessibility perception 0.798 0.55 <0.001

1 All correlations are positive and statistically significant.

A Pearson correlation analysis was conducted between all analytical dimensions
considered in the study, namely Personalisation (Q1), Accessibility (Q2), and Inclusion
(Q3). All bivariate relationships were positive and of moderate magnitude (r = 0.45-0.55),
indicating associative links between the constructs without implying causal relationships.

The scale demonstrated good internal consistency, with Cronbach’s « values rang-
ing between 0.798 and 0.849. According to Tavakol and Dennick [69], « values above
0.70 are considered acceptable, while those between 0.80 and 0.90 indicate strong reliability
without suggesting redundancy. Moderate positive correlations (r = 0.45-0.55) among us-
ability, satisfaction, and accessibility constructs confirm that these variables are interrelated
but non-redundant.

From an interpretative perspective, these quantitative results indicate that the per-
ceived effectiveness of Al-enabled features cannot be dissociated from accessibility and
satisfaction. The moderate correlations suggest that while each construct captures a dis-
tinct dimension of user experience, they jointly contribute to the overall evaluation of the
platform, thereby directly addressing Q3.

5.6. Qualitative Insights

Although the open-ended questions focused explicitly on positive aspects, experienced
difficulties, and suggestions for improvement, perceptions related to trust and reliability
emerged transversally from participants’ reflections on clarity, consistency, and perceived
usefulness of the Al-generated content.

Qualitative responses further complemented the quantitative findings, allowing a
deeper interpretation of user experience. Four principal themes were identified, as sum-
marised in Table 4. These themes extend beyond a descriptive classification, offering
explanatory insight into how participants perceived and interpreted usability, accessibility,
and empowerment during their interaction with the platform.

Table 4. Thematic summary of qualitative responses (1 = 87).

Theme Representative User Comments Frequency (%)
Personalisation and control ~ “Iliked being able to adapt recipes and see Al suggestions instantly.” 62
Accessibility and clarity “The voice guide and clean layout made it easier to follow.” 58
Engagement and confidence “It gave me confidence to cook independently.” 41
Trust and reliability “The information seemed clear and helpful.” 35

Personalisation and control emerged as the most prevalent theme, reinforcing findings
related to Q1. Participants associated adaptive Al features with a sense of ownership
over the cooking process, indicating that personalisation was perceived as an enabler of
autonomy rather than as an opaque algorithmic intervention.

Accessibility and clarity were frequently linked to reduced cognitive and operational
effort, particularly among participants with visual and cognitive impairments. These
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accounts complement the accessibility compliance results reported in Q2, illustrating how
technical adherence to standards translated into meaningful interaction benefits.

Engagement and confidence were commonly mentioned in relation to independent
task completion. Participants reported increased confidence in following and adapting
recipes, which provides qualitative support for the high learnability and satisfaction scores
observed in the SUS results.

Trust and reliability, although less frequent, were closely associated with the clarity of
Al-generated suggestions and nutritional information. This theme offers qualitative context
for the strong overall usability ratings, suggesting that trust played a mediating role in user
acceptance of Al-driven features.

5.7. Synthesis and Implications

The quantitative and qualitative findings indicate that, within the scope of this ex-
ploratory case study, the Receitas +Power platform was associated with high perceived
usability while integrating Al-based adaptability with established accessibility standards.
Strong SUS scores, acceptable reliability indices, and consistent qualitative feedback support
the design choices adopted in this specific context.

The analysis suggests that user empowerment (Q1), accessibility across disability
profiles (Q2), and the perceived effectiveness of Al-enabled features (QQ3) are interrelated
within the observed usage setting, although these associations should be interpreted as
context-dependent. Participants reported that Al-assisted functionalities supported percep-
tions of active engagement in recipe creation, extending beyond passive recommendation
within the evaluated usage context, consistent with prior work on human—AlI co-creation
and perceived agency [19,44].

The implementation of WCAG 2.2 and WAI-ARIA 1.2 guidelines was reflected in
positive accessibility perceptions among users with diverse functional profiles; however,
this relationship should be interpreted as associative rather than causal, given the study
design. In line with established accessibility literature, these features were experienced as
integral to efficient interaction rather than as auxiliary adaptations [38,39].

Moderate positive correlations between usability, satisfaction, and accessibility per-
ception indicate that these constructs contribute jointly to overall user experience while
remaining analytically distinct, as reported in previous usability studies [42,61]. Over-
all, the implications of these findings are analytical and limited to the studied context,
providing a basis for future validation in broader and more heterogeneous samples.

It should be emphasised that the observed relationships between usability, accessibility
perception, and Al-enabled features reflect self-reported evaluations obtained from a non-
probabilistic and context-specific sample. Consequently, the findings do not allow causal
attribution between individual system components and user outcomes, nor do they support
generalisation beyond similar exploratory settings.

6. Conclusions, Limitations, and Future Work

This study examined how artificial intelligence can support accessibility, inclusivity,
and personalisation in digital culinary environments through an exploratory, multidi-
mensional case study of the Receitas +Power platform. Three research questions were
addressed, focusing on user empowerment beyond recommendation systems, accessibility
across disability profiles, and the perceived effectiveness of Al-enabled inclusive solutions.

From a theoretical perspective, this study contributes to the literature on digital
consumers by extending existing models of technology use in consumption contexts to ex-
plicitly incorporate accessibility and inclusive design as constitutive, rather than peripheral,
dimensions of user experience. The findings indicate that, within the evaluated context,
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Receitas +Power enabled users to create, customise, and adapt culinary recipes through Al-
assisted functionalities, as perceived by participants during short-term interaction [19,44].

The integration of WCAG 2.2 and WAI-ARIA 1.2 guidelines contributed to positive
accessibility perceptions among users with and without disabilities. These results align with
established accessibility and human—computer interaction literature, which emphasises
that accessibility and usability can be mutually reinforcing when embedded from the early
stages of design [33,38,39].

Quantitative evaluation using the SUS indicated high perceived usability (M = 80.6),
with acceptable to strong internal consistency (Cronbach’s o« = 0.798-0.849). Moderate posi-
tive correlations between usability, satisfaction, and accessibility perception (r = 0.45-0.55)
suggest that these constructs are related while remaining analytically distinct. Similar inter-
dependencies have been reported in previous usability and accessibility studies [42,52,61].

Several limitations should be explicitly acknowledged. First, as an exploratory case
study based on a non-probabilistic and self-selected sample, the research does not support
statistical generalisation or causal inference. The limited number of participants with self-
reported disabilities further constrains the interpretation of accessibility outcomes across
impairment types [41,45].

Second, the evaluation focused on perceived usability and accessibility rather than on
objective performance metrics or long-term behavioural outcomes. The contribution of the
specific generative Al model adopted cannot therefore be disentangled from the overall
system design, limiting conclusions regarding the isolated impact of generative intelligence
on accessibility.

Future research should therefore focus on larger and more diverse samples, lon-
gitudinal designs, and comparative evaluations across different application domains.
Further work could also examine the specific contribution of different generative Al
models to accessibility and usability outcomes, as suggested in recent accessibility and
Al literature [17,18,40].

Overall, this study contributes to the consumer and human—computer interaction liter-
ature by providing empirical, context-specific evidence on how Al-supported accessibility
and inclusive design can shape consumer experiences in digital gastronomy platforms.
While the findings are limited to the examined case, they offer a foundation for further
empirical validation and methodological refinement in the study of inclusive, Al-supported
digital systems [38,44].
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Abbreviations

The following abbreviations are used in this manuscript:

AA Accessibility Compliance Level

ACM Association for Computing Machinery

Al Artificial Intelligence

API Application Programming Interface

ARIA Accessible Rich Internet Applications

CSS Cascading Style Sheets

GAI Generative Artificial Intelligence

HCI Human-Computer Interaction

HTML HyperText Markup Language

INE Instituto Nacional de Estatistica (Portugal)

ISO International Organization for Standardization
MVC Model-View—Controller

PC Personal Computer

PHP PHP: Hypertext Preprocessor

POUR Perceivable, Operable, Understandable, Robust

RESTful API  Representational State Transfer (API architectural style)
SIGACCESS  ACM Special Interest Group on Accessible Computing

SuUS System Usability Scale

Ul User Interface

UX User Experience

W3C World Wide Web Consortium

WAI Web Accessibility Initiative

WAI-ARIA Web Accessibility Initiative—Accessible Rich Internet Applications
WCAG Web Content Accessibility Guidelines
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