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Abstract. Most learning materials assume fluent speech, typical vision and hearing, fine 
motor control and a single way of responding. Many children with disabilities do not meet 
one or more of these assumptions and are shut out as a result. Vietnamese folk paintings 
from the Đông Hồ, Hàng Trống, Kim Hoàng and Sình traditions show recognizable scenes 
of animals, family life, work and festivals, and with the right support they suit vocabulary, 
sequencing, storytelling and cultural discussion. We model an AI-powered platform that 
connects these artworks to accessible learning activities. Following a design science 
approach, we analyze stakeholder needs, derive design principles and requirements, and 
specify a conceptual model of activity selection together with a layered architecture. Five 
functional layers (user interaction, AI services, knowledge, data management and cloud-
edge deployment) sit beside a governance column that spans all of them. The AI services 
cover visual analysis of artworks, optional speech input and output, language generation 
grounded in reviewed cultural records, transparent activity recommendation, and an 
adaptive policy that is disabled by default. A cultural knowledge graph keeps what is visible 
in an image apart from what commentators say it means. Learner profiles are minimal and 
tied to specific tasks, and educators can inspect, override or reset every recommendation. 
We formalize the selection and adaptation rules, describe the artwork record schema, set out 
a privacy and security architecture and discuss the trade-offs involved. The platform is not a 
medical device. No dataset was collected and no experiment is reported; the paper provides 
an architecture that can be built and then evaluated with educators, families and learners. 

Keywords: inclusive education; Vietnamese folk paintings; cultural heritage; multimodal 
AI; system architecture; assistive technology; knowledge graph; human-centred AI. 

1. Introduction 

Inclusive education means teaching all children together and adjusting materials, interaction 
and assessment so that differences in communication, sensory, cognitive and motor abilities 
do not exclude anyone [1, 2]. Digital tools can help. An application can repeat an instruction 
as often as needed, read text aloud, accept a tap instead of a spoken answer and let the learner 
set the pace. The same application becomes another barrier as soon as it demands clear 
speech, precise pointing, sustained attention or one fixed route through a lesson. In low- and 
middle-income countries the gap in access to assistive products is especially wide [3]. 

Take a Đông Hồ woodblock print of a fat pig, printed in bold outlines on paper coated with 
scallop shell. Most Vietnamese children would recognize the image at once, even though the 
craft that produces it is close to disappearing: UNESCO placed Đông Hồ printmaking on its 
List of Intangible Cultural Heritage in Need of Urgent Safeguarding in 2025 because only a 
few families still practise it [4]. Familiar material is a sensible starting point for language and 
concept work. Folk paintings from the Đông Hồ, Hàng Trống, Kim Hoàng and Sình 
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traditions, with their scenes of animals, family life, harvests and festivals, lend themselves to 
naming objects, building vocabulary, ordering events and telling stories, often with little 
adaptation. 

Their value for a particular child still depends on the child and the picture. Pictures differ in 
visual complexity and in how much background knowledge they require, symbols are read 
differently across regions, and a devotional Sình print carries connotations that a cheerful 
Đông Hồ animal scene does not. A teacher still has to choose and adapt. 

AI could take over part of that work by finding objects in an image, reading descriptions 
aloud, accepting spoken answers, drafting questions and suggesting what to try next. The risks 
are serious. Wrong object labels mislead, invented cultural facts distort a tradition that is 
already fragile, speech recognition breaks down on atypical speech, emotion inference from 
faces is unreliable, and children's data can accumulate well beyond what any task needs [5–7]. 

We model a platform that uses AI to make folk paintings accessible as learning material while 
teachers, therapists and families stay in charge. The paintings are starting points for learning 
activities and are not presented as therapy. Every AI output is a suggestion that a responsible 
adult can accept, edit or reject; when the users are children with disabilities, the line between 
an assistive suggestion and an automated decision matters a great deal. No dataset was 
collected and no experiment is reported. 

Four research questions guide the work. RQ1: how can Vietnamese folk paintings be 
represented as rights-aware, accessible learning resources? RQ2: how can multimodal AI 
support individualized activities without replacing professional judgement? RQ3: what 
architecture and data model can deliver these functions while limiting the collection and 
exposure of children's data? RQ4: what governance mechanisms does such a platform need at 
each layer? 

The paper analyzes stakeholders and derives requirements for culturally grounded inclusive 
learning, proposes a formal model of how activities are filtered, ranked and adapted (Section 
4.2), and specifies a layered architecture with a governance column that runs across all five 
layers. A provenance-aware artwork schema and a cultural knowledge graph keep observable 
content apart from sourced interpretation, and the privacy design limits what the platform 
stores about children. 

2. Background 

2.1 Vietnamese folk painting traditions 

Vietnamese woodblock printing developed in several village and urban centres, each with its 
own technique and purpose. Maurice Durand's study of Vietnamese popular imagery 
documented two of them in detail: Đông Hồ, with its flat printed colour, and Hàng Trống, 
where colour is applied with a brush for finer gradation [8]. 
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Đông Hồ prints come from a village in Bắc Ninh province. Artisans carve each design into 
woodblocks and print the colours one after another by hand on paper coated with powdered 
scallop shell, with the black outline printed last; the pigments come from natural materials. 
Subjects include worship, history, daily life and landscapes, and the prints are closely tied to 
the Lunar New Year, the Mid-Autumn Festival and ancestral rites. Among the best-known 
subjects are pigs, roosters, buffaloes, children at play and Đám cưới chuột (The Rats' 
Wedding). Only a few families still practise the craft, which is why UNESCO inscribed it on 
the Urgent Safeguarding List in 2025 [4]. 

Hàng Trống pictures come from the old commercial quarter of Hà Nội. They combine a 
printed outline with colour applied by brush, which allows finer gradation, and they include 
both decorative and devotional subjects [8]. 

Kim Hoàng, a village on the outskirts of Hà Nội, uses another process. Outlines are printed on 
red or yellow paper and the details are painted by hand, and roosters, pigs and domestic 
scenes expressing wishes for prosperity dominate. A flood in the 1940s washed away the 
village's woodblocks, and for decades the genre was no longer produced. A revival began in 
2015, when a collector set out to recover surviving woodblocks and worked with craftsmen 
and local authorities to restart production [9]. 

Sình pictures are made in a village near Huế for worship. They are used in ceremonies, Tết 
offerings and rituals, and are traditionally burned afterwards. Artisans print them with 
woodblocks on paper coated with ground seashell and colour them by hand [10]. Their 
spiritual function is something any educational use has to respect. 

These differences matter for a learning platform. Devotional and ritual images carry meanings 
that may make them unsuitable for casual classroom use, so not every image belongs in the 
collection. Some traditions survive mainly in museum collections and private holdings, which 
means reproduction rights have to be checked image by image, and sources disagree about the 
social commentary in particular scenes. Presenting one reading as settled fact would mislead. 

2.2 Inclusive education and accessibility 

Universal Design for Learning (UDL) asks that a lesson work for a wide range of learners 
from the start instead of being retrofitted later, by offering multiple means of engagement, 
representation and action [11]. Version 3.0 (2024) also asks designers to address barriers 
rooted in bias and exclusion. WCAG 2.2 turns some of these ideas into testable criteria for 
digital interfaces, among them text alternatives, keyboard operability, sufficient contrast, 
adjustable timing and adequate target sizes [12]. 

Many children with complex communication needs use augmentative and alternative 
communication (AAC), which includes symbol boards, speech-generating devices, signs and 
gestures. Light and McNaughton define communicative competence for AAC users as the 
ability to express needs, share information and take part in social interaction through whatever 
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modes work for the person [13]. A system that scores only spoken answers will misjudge 
many of these children. 

Rights frameworks point the same way. The Convention on the Rights of Persons with 
Disabilities [2] and the Convention on the Rights of the Child [14] both call for inclusive 
participation, and in Viet Nam the Law on Persons with Disabilities and the Law on Children 
set out related obligations [15, 16]. 

2.3 AI for learners with disabilities 

Speech recognition, intelligent tutoring, emotion recognition, social robots and learning 
analytics have all been tried in special education, and reviews report small samples, short 
studies and limited attention to ethics [17, 18]. Large language models add another tool. They 
can produce explanations, questions and stories at different reading levels within seconds, and 
they can also produce fluent text that is factually wrong, which makes them both useful and 
risky in education [6, 19]. Ethical frameworks for AI in education stress fairness, privacy, 
autonomy and pedagogical purpose [7], and UNICEF's guidance adds requirements on 
development, inclusion and explanation that apply to younger users [20]. 

Automatic emotion recognition needs particular caution. A large review found that facial 
movements do not reliably reveal emotional state across people, situations and cultures [5]. 
For children with disabilities, whose expressions, gaze and movements may differ from those 
in training populations, the risk of misreading is higher still. 

2.4 AI for cultural heritage 

Machine learning has made progress in classifying artworks, attributing styles, detecting 
objects and enriching archive metadata [21, 22], mostly with convolutional networks [23], 
Vision Transformers [24] and transformer-based detectors [25]. Stylized folk prints look very 
different from the photographs on which most of these models are pre-trained, so their 
accuracy on such prints cannot be assumed. Heritage institutions also need to model 
provenance, events and relationships, and ontologies such as the CIDOC Conceptual 
Reference Model [26] and knowledge graphs [27] offer ways to represent entities, relations 
and their sources. 

2.5 Research gap 

Work on accessible learning technology rarely deals with cultural grounding, and heritage 
digitization rarely considers learners with disabilities. Few published designs connect a 
curated folk-art collection to accessible activities while keeping human oversight and 
children's privacy central, and we are not aware of any that combines accessibility, cultural 
heritage and AI governance in one architecture; confirming this would require a systematic 
search, which is outside the scope of the paper. Our aim is narrower than closing that gap: to 
show how the three concerns can be joined in one platform that teachers control and that 
collects as little data as possible. 
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3. Design approach and requirements 

3.1 Design science approach 

Design science research produces and evaluates artefacts that address a defined problem [28]. 
Peffers et al. describe its stages as problem identification, objectives, design, demonstration, 
evaluation and communication [29]. This paper covers the first three; demonstration and 
evaluation will follow once an implementation exists. 

3.2 Stakeholders 

Six groups have a stake in the platform (Table 1). Their needs are drawn from the literature 
reviewed above and from the roles the platform has to support. Preparation time is a practical 
constraint for teachers in special education, and several design decisions below aim to keep it 
low. 

Table 1. Stakeholders and their needs. 

3.3 Design principles 

Seven principles guide the design. Some are standard good practice, and others respond to 
risks specific to children with disabilities and to cultural content. 

Accessibility first. Where practical, every activity offers more than one way to receive 
information and more than one way to respond, following UDL and WCAG [11, 12]. 

Cultural grounding. Descriptions and stories are generated only from reviewed metadata and 
sourced context, and interpretive claims carry their source, since presenting one scholar's 
reading as uncontested fact would mislead. 

Proportional data use. The platform collects only what a declared purpose requires and deletes 
it on schedule. 

Stakeholder Main needs Design implication

Child learners with diverse needs Several ways to perceive and 
respond; control over pace; no 
penalty for stopping

Multimodal interface, AAC support, 
pause and skip at any time

Teachers Activities matched to objectives; 
little setup time; clear reasons for 
suggestions

Dashboard with editable 
recommendations and explanations

Therapists and specialists Alignment with individual plans; no 
conflict with clinical work

Activities framed as practice chosen 
by professionals, not therapy

Parents and caregivers Simple home activities; 
understandable summaries

Caregiver app with limited, 
authorized information

Cultural institutions and artisans Correct attribution, respected rights 
and meanings

Provenance and rights fields; cultural 
review of interpretations

Platform operators Maintainable, secure, affordable 
system

Modular services, cloud-edge split, 
versioned models
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Uncertainty awareness. When a model is unsure, it asks for clarification or offers choices 
instead of marking an answer wrong. For a child who may already doubt their abilities, being 
told a correct answer is wrong does more harm than having an incorrect answer accepted. 

Human authority. Teachers, therapists and families keep control over goals, activities and any 
adaptation [30, 31]. The rest of the design depends on this principle. A system that overrode a 
teacher's judgement about a child with a disability would be making automated decisions in a 
domain where automation has no legitimate authority. 

Adapting tasks, not labelling children. Adaptation changes what the activity demands 
(difficulty, format, length) and never assigns a fixed ability label. A diagnosis may inform a 
starting point but never determines content by itself, because two children with the same 
diagnosis often have very different strengths and needs in a learning task. 

Auditability. Every recommendation, the evidence behind it and the adult's decision about it 
are recorded so that they can be reviewed later. 

3.4 Scope boundaries 

The platform is an educational tool and not a medical device. Blurring this boundary would 
expose it to regulatory obligations it cannot meet and could mislead families about what the 
technology is for. It does not diagnose disabilities or emotional states and does not prescribe 
therapy. Where we mention therapeutic use, we mean activities that a therapist chooses for 
practice within an individual plan. Any claim of clinical or educational benefit would require 
its own study under ethical approval. 

3.5 Requirements 

Table 2 lists the functional (FR) and non-functional (NFR) requirements and the parts of the 
architecture that address them. 
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Table 2. Requirements and their architectural responses. 

4. Conceptual model 

4.1 Inputs, process and outputs 

Figure 1 traces how an activity is selected and presented. Five inputs feed the process: an 
approved artwork with verified metadata, a learning objective set by an educator, the learner's 
access and communication settings, recent task evidence that an adult has validated, and 
constraints such as session length or content to avoid. The platform filters its activity library, 
ranks the eligible activities and shows the top suggestions to the educator, who decides. The 
chosen activity is then presented accessibly, and the learner responds in any supported mode. 
A minimal event record is stored and, once validated, updates a task-specific profile that 

ID Requirement Addressed in

FR1 Present each approved artwork with 
text, audio description and adjustable 
visual settings

Interaction layer (Sec. 6.1)

FR2 Accept responses by touch, 
keyboard, switch, symbols, drawing, 
speech or adult-supported input

Interaction layer (Sec. 6.1); speech 
service (Sec. 7.2)

FR3 Suggest activities that match an 
educator's objective and the learner's 
access settings

Recommendation service (Sec. 7.4); 
conceptual model (Sec. 4)

FR4 Explain every suggestion and let 
educators accept, edit or reject it

Dashboard (Sec. 6.2)

FR5 Generate questions, simplified 
descriptions and story prompts only 
from reviewed sources

Language service (Sec. 7.3); 
knowledge layer (Sec. 8)

FR6 Record provenance, rights and 
review status for each artwork and 
interpretation

Knowledge layer (Sec. 8.1, 8.2)

FR7 Produce draft progress summaries 
for review by a responsible 
professional

Dashboard (Sec. 6.2)

NFR1 Meet WCAG 2.2 level AA for all 
interfaces

Interaction layer

NFR2 Keep working, in a reduced form, 
when AI services or the network fail

Graceful degradation (Sec. 7.7); 
edge processing (Sec. 9.4)

NFR3 Minimize, pseudonymize and time-
limit personal data

Data layer (Sec. 9); governance (Sec. 
10)

NFR4 Restrict access to children's records 
by role

Security architecture (Sec. 10.3)

NFR5 Version models, prompts and content 
so that changes can be traced and 
reversed

Model repository (Sec. 9.3)

NFR6 Avoid inference of emotions or 
sensitive traits by default

AI services (Sec. 7.6)
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informs the next cycle. An adult can pause, change the format or switch adaptation off at any 
point. 

 
Figure 1. Conceptual model of activity selection. Inputs on the left are filtered and ranked; an educator reviews 

the suggestion before it reaches the learner, and validated evidence feeds the next cycle. 

4.2 Formal model of activity selection 

Let 𝒜 be the library of approved activity templates, each instantiated for a specific artwork; 

templates and content still awaiting review are not part of 𝒜. For learner i at time t, let Gi(t) 

be the set of current objectives, Mi the set of supported input and output modes, Li the 
maximum session length and Xi the content the educator has excluded. An activity a is 
eligible if its required modes are supported, it serves a current objective, it fits the time 
available and it has not been excluded: 

Eligible activities are ranked by a transparent weighted score: 

The score has four terms. The term rel measures how directly the activity addresses the 
objective, fit measures how close its difficulty is to the learner's current level di, var rewards 
activities and artworks that have not been used recently, and pref reflects choices the learner 
has expressed. The weights are not learned. Educators choose among presets such as "practice 
the same skill" or "try something new", and the preset sets the weights. A first release will 
have too few users and too little data to learn weights reliably, and visible weights are easier 

(1)𝒜i(t) = {a ∈ 𝒜:modes(a) ⊆ Mi,  goal(a) ∈ Gi(t),  dur(a) ≤ Li,  a ∉ Xi}

(2)S(a) = w1rel(a, Gi) + w2fit(a, di) + w3var(a, i, t) + w4pref(a, i)
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for teachers to trust. The top two or three activities are shown together with the terms that 
contributed most to their scores, and these terms form the explanation. 

Difficulty is adapted with explicit rules instead of a learned policy. Let k be the number of 
consecutive successes with little prompting and m the number of consecutive difficulties, with 
thresholds κ and µ set by the educator: 

Difficulty here describes what the task demands and is not an estimate of the child's ability. A 
higher level means more choices, more language or more steps. Stepping down may also 
trigger an offer of a break or a change of format, and educators can freeze, reset or override di 
whenever they judge it appropriate. 

Knowledge tracing models can estimate skill mastery from response sequences [32], and 
reinforcement learning can optimize instructional sequences [33]. Both need longitudinal data 
and carefully defined objectives that a first release will not have (Section 7.5). There is also 
an ethical difficulty. A reinforcement learning agent needs a reward signal, and defining one 
for a child with a communication disability is fraught: completion time penalizes slower 
responders, accuracy penalizes learners who explore, and engagement metrics can reward 
distraction as easily as learning. Rules are transparent and predictable. In our judgement that 
matters more than optimality when learners cannot easily report that the system is misjudging 
them. 

4.3 Design propositions 

Five propositions underlie the model. We state them so that future studies can test them, and 
the paper does not claim that they hold. 

P1 predicts that offering more than one way to perceive and respond creates more 
opportunities for participation than a single-mode activity. The claim seems obvious, but it 
has not been tested with folk-art content and children with disabilities, so we state it as a 
hypothesis. P2 makes a similar prediction about context: showing verified provenance and 
reviewed cultural background next to an image should support better-informed discussion 
than showing the image alone. 

P3 concerns agency. Letting learners choose, pause or change format should support their 
sense of control, although for some children with severe cognitive disabilities the range of 
meaningful choices may be narrow and the idea of autonomous selection becomes harder to 
apply. 

P4 is about catching errors before they reach learners: review by educators and cultural 
practitioners should reduce unsupported or culturally inaccurate AI descriptions. P5 predicts 

(3)dt+1
i =

min(dt
i + 1, dmax) if k ≥ κ

max(dt
i − 1, dmin) if m ≥ μ

dt
i otherwise
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that visible reasons and alternatives make AI suggestions easier for educators to evaluate and 
override. Whether transparency changes how often educators actually override suggestions 
remains an empirical question. 

4.4 Illustrative scenarios 

Four hypothetical scenarios illustrate intended use. None of them reports an observed 
outcome. 

In audio-supported exploration, a teacher selects a rights-cleared Đông Hồ print and presents 
the image with a short description and a reviewed audio description. The learner can replay 
the audio, point to a detail, or answer by speaking, choosing a symbol or drawing. 

A tactile, object-based activity works differently. The teacher prints a raised-line outline or 
brings physical objects that match figures in the painting and explains that the adaptation 
shows only some features of the original. The platform provides preparation guidance, and the 
teacher decides whether the activity suits the learner. 

In collaborative storytelling, a small group works around one painting and the children 
interact with each other as well as with the platform. Each child contributes through speech, 
drawing, picture cards, an AAC device or a partner's support, so no child is left in a passive 
role because of disability. 

The fourth scenario is teacher planning. The teacher enters an objective, the access options 
needed, the time available and the materials at hand, and receives two or three activity 
variants, each with an explanation and a flag for any content still awaiting review. 

5. Architecture overview 

The architecture has five functional layers, stacked from the user interface down to 
deployment (Figure 2), and a governance column that cuts across all of them. Learners, 
educators and caregivers see only the top layer. Requests pass down to the AI services, which 
draw on the knowledge layer and reach data only through the data management layer, and the 
deployment layer decides where each component runs. Consent, oversight, rights 
management, access control, encryption and audit belong to the governance column. 
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Figure 2. Layered architecture of the platform with a cross-cutting governance column. 

A microservice architecture would make deployment more flexible, but service discovery, 
API versioning and network latency between components seem out of proportion for a 
platform that may serve a single school, so we use layers. Each layer boundary enforces a 
requirement. Separating AI services from the knowledge layer means that generated content 
can always be traced back to reviewed records (FR5, FR6). A dedicated data layer forces 
services to work with identifiers and parameters instead of whole learner profiles (NFR3), a 
constraint that would be very hard to add after the fact. Separating deployment lets sensitive 
processing stay on the device while heavier services move to the cloud only when needed 
(NFR2, NFR3). If one service fails or is switched off, the others keep running. 

6. User interaction layer 

6.1 Child application 

Children explore paintings and complete activities in a child-facing application that supports 
touch, keyboard, switch access, symbol selection, drawing and speech, and an adult can 
operate the interface together with a child who needs physical or cognitive support. The 
interface is plain, with large targets, high contrast, adjustable text size and audio volume, 
predictable navigation and as little on screen as the activity allows. Nothing flashes. There is 
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no time pressure unless an educator sets one, there are no punitive scores or manipulative 
rewards, and a child who pauses, skips or repeats is never penalized. 

A single painting can support several activity types. In object discovery, the learner finds a 
figure such as the buffalo or the rooster by touching it, choosing its name from a short list or 
saying it, and when the vision service is unsure the learner is offered choices instead of a 
judgement. Vocabulary activities pair an image region with a short label, optional audio and a 
plain-language description; the learner repeats the word, matches it to another image or 
signals understanding in another mode. Pronunciation feedback appears only when it matches 
the learner's communication goals and is never treated as a proxy for intelligence. 

Sequencing divides a scene or a related set of prints into steps that the learner puts in order 
with picture cards or by dictating. Storytelling is more open: the learner narrates what is 
happening in a painting, and a language model may suggest a continuation. The learner's own 
interpretation is kept and never replaced by a single "correct" narrative, since the goal is 
expression. Fine-motor activities such as tracing or colouring a printed outline are offered 
only when they appear in an individual plan, with adjustable target sizes, alternative inputs 
and an easy way to stop. They do not replace occupational therapy. 

Every activity template declares its objective, required modes, difficulty controls, access 
alternatives, stopping conditions and the data it records, and Equation (1) checks these 
declarations. 

6.2 Educator and therapist dashboard 

Educators plan, review and supervise through the dashboard. For each learner they set 
objectives, choose access settings and session limits, and review the platform's suggestions. A 
suggestion card shows the activity, the artwork, the reasons for its ranking and any content 
flagged as unreviewed. The educator can accept, edit or reject the suggestion, choose a 
different mode or replace it altogether. 

Progress appears as a list of objectives, completed activities and observations recorded by 
adults. Where the dashboard summarizes change over time, it separates direct observations 
from AI-derived suggestions and labels the result as a descriptive record, not a clinical 
assessment. Draft reports for families or colleagues can be generated, but a professional must 
review each draft before it is shared, and no intervention is described as effective without 
evidence from an appropriate study. The dashboard does not compare a learner's performance 
with that of peers, because comparison data puts pressure on teachers to normalize children 
and conflicts with the principle of adapting tasks instead of labelling children. 

AI-generated material also passes through the dashboard. New questions, simplified 
descriptions and story prompts wait in a review queue, nothing reaches a classroom without 
approval, and approved items are versioned so that a teacher can see which version a learner 
used. 
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6.3 Parent and caregiver application 

A caregiver application lets learning continue at home. It offers optional activities linked to 
teacher-approved objectives, short summaries of school activities and practical ideas, such as 
retelling a print's story at dinner or finding similar animals around the house. It shares only 
information the school has authorized, and professional responsibility stays with the school. 

7. AI services layer 

Every AI service is modular and has a stated purpose, documented limits and an owner who 
reviews its behaviour. No service is required. When one is unavailable or switched off, static 
reviewed content takes its place. We treat this as a primary design requirement, since schools 
where internet access is unreliable must still be able to run lessons. 

7.1 Vision service 

The vision service takes digitized paintings and classifies them by tradition where this helps 
retrieval, detects and localizes figures and objects, extracts features for finding similar works 
and proposes candidate labels for human review. 

The choice of model family depends on the images actually available, the rights attached to 
them and the computing budget; ResNet [23], Vision Transformers [24] and transformer-
based detectors [25] are all candidates. Folk prints are stylized and look very different from 
the photographs most models are trained on, so accuracy cannot be taken for granted. 
Culturally specific symbols, such as a stylized buffalo with layered agricultural meaning, are 
harder still than the everyday objects these models were built to recognize. Detected objects 
therefore remain candidates until a human reviewer confirms them. Confirmed regions are 
stored in the artwork record and reused, so the vision model mostly runs when new artworks 
are added and rarely during lessons. 

7.2 Speech service 

The speech service has two functions. Text-to-speech reads descriptions, questions and 
instructions aloud in Vietnamese and, if needed, other languages; speech recognition converts 
spoken answers to text when a learner chooses to speak. Large multilingual recognizers 
trained on weakly supervised data [34] are a reasonable starting point, with an important 
caveat. Children's speech is generally harder for recognizers than adult speech, regional 
accents add to the difficulty, and atypical speech from children with motor or neurological 
differences raises error rates further. Accuracy for these groups must be verified before the 
function goes live. 

Speech is never required. Every activity that accepts a spoken answer also accepts at least one 
other mode, since a system meant for children with motor and neurological differences cannot 
make voice input mandatory, however accurate the recognizer becomes. A recognition failure 
prompts another attempt or offers choices and never produces a wrong mark. Audio 
recordings stay on the device where possible and are not stored by default. This gives up 

13



AI-POWERED VIETNAMESE FOLK PAINTINGS PLATFORM

some analytical capability in exchange for a privacy guarantee that parents can understand 
without reading a technical document. 

7.3 Grounded language generation 

A language model drafts questions at different levels, simplified descriptions, alternative text, 
activity instructions and story prompts. Transformer-based language models can produce such 
text from a few examples [35, 36], and they also hallucinate, producing fluent statements that 
are false [6]. 

We use retrieval-augmented generation [37] instead of fine-tuning. A fine-tuned model might 
write more fluent Vietnamese, but every update could change how it describes a culturally 
sensitive image, and a generated description could not be traced back to a specific source. 
Retrieval-augmented generation gives up some fluency for auditability. For each request, the 
service retrieves the relevant artwork record and linked context from the knowledge layer and 
instructs the model to use only that material. The inputs are approved artwork metadata, 
verified context, the learning objective and the access settings, and the outputs are drafts that 
cite the records they drew on. 

Three safeguards apply. Generated text is always marked as generated and never mixed with 
verified cultural information. Drafts enter the educator review queue before classroom use, so 
nothing reaches a child unreviewed. When retrieval finds no reviewed source for a requested 
fact, the service does not invent context; it falls back to a short verified description followed 
by an open question such as "What do you see the animals doing?", which still gives the 
learner something to respond to. Prompt templates and the model version used for each draft 
are logged in the repository (Section 9.3), and no information about a learner's diagnosis or 
other sensitive attributes is ever passed to this service. 

7.4 Activity recommendation service 

Equations (1) and (2) are implemented as a knowledge-based recommender in Burke's 
taxonomy [38], which reasons over declared properties of activities and stated constraints 
instead of learning from the behaviour of many users. With few users per school, sensitive 
data and a strong need for explanation, this is the appropriate approach. Candidates include 
visual exploration and object matching, audio-supported storytelling, tactile or printable 
activities, symbol-supported communication tasks and collaborative art and narrative 
activities, each at several levels of interaction complexity. 

Explanations come directly from the ranking terms, for example: "Suggested because animal 
vocabulary is a current goal, the previous matching activity was completed with little 
prompting, and this print has not been used this week." A teacher who disagrees can point to 
the exact term that produced a suggestion they would not have made. If a learned ranking 
model later replaced the rules, SHAP could produce comparable explanations [39], but the 
current design does not need it. 
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Interaction time is a poor measure of benefit. Long interaction can mean confusion as easily 
as engagement, and short interaction can mean the interface was inaccessible. The platform 
therefore does not use either as a direct measure of benefit. 

7.5 Optional adaptive policy 

Reinforcement learning could in principle replace rule-based adaptation with a learned 
sequencing policy [33], where the state describes the current activity and learner context, 
actions include format changes or difficulty adjustments, and the reward encodes educational 
objectives. Whether this would help is unclear. A review of reinforcement learning for 
instructional sequencing found that results depend heavily on how reward and student models 
are defined, and many studies did not outperform simpler baselines [40]. 

The component is therefore switched off. Enabling it requires consented longitudinal data, a 
reward definition reviewed by educators and therapists, offline evaluation against the rule-
based policy of Equation (3) and a check for unequal effects across groups of learners. The 
bar is high on purpose. Two rules apply without exception: the policy never optimizes for 
compliance or time on task, and it always yields to human override. 

7.6 Affect-related support 

The platform does not infer emotions from faces, voices or behaviour. Barrett et al.'s review 
shows that the evidence for reading emotions from facial movements is weak in general [5], 
and for children with disabilities, whose expressions, gaze and movements may differ from 
those in training populations, the risk of misreading outweighs any benefit from detecting 
frustration or disengagement automatically. 

The design relies on direct signals instead. A learner can press a "break" or "too hard" button 
or choose a feelings symbol, or an adult can record an observation, and any of these can 
trigger a pause, a simpler format or a change of activity. If an affective module were ever 
added, it would need its own ethical and technical assessment, explicit consent, independent 
validation and a rule barring its outputs from diagnosis, grading or discipline. 

7.7 Multimodal integration and graceful degradation 

Services are combined by late fusion: each produces its own output and the activity logic 
decides how to use it, instead of a single model receiving raw features from all modalities as 
in early fusion [41]. Late fusion has two advantages that matter here more than raw 
performance. Any modality can be missing or disabled without breaking a session, which is a 
normal situation in a classroom of non-speaking children where the speech service may be 
switched off altogether, and each output can be checked and explained on its own. 

Each service has a fallback. Without speech recognition, learners use touch or symbols. 
Without language generation, reviewed descriptions are shown. Without vision, the platform 
uses regions already confirmed in the artwork record. Without a network, the device runs 
cached activities, which is how the platform works in schools with unreliable connections. 
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Because degradation is part of the core design, it does not depend on resilience features that 
could be dropped under schedule pressure. 

8. Knowledge layer 

8.1 Artwork record schema 

At the core of the knowledge layer is one record per artwork, whose minimum fields are listed 
in Table 3. Verified metadata are kept separate from proposed annotations, and each 
annotation records who created it and in which role, along with its review status and version. 
Provenance fields should point to sources such as Durand's documentation of the traditions 
[8] and institutional records. Following the datasheet model [42], the composition and limits 
of any image collection should also be documented, so that later users can see what is and is 
not represented. 

Table 3. Minimum fields of an artwork record. 

Some fields need care. "Festive scene" describes content and says nothing about how a child 
viewing it feels. Tags for therapeutic use indicate activity categories a professional might 
choose and promise no benefit. Sình prints are often devotional or ritual, so they carry a flag 
that requires cultural review before any classroom use; a worship image used in a vocabulary 
exercise could trivialize its meaning in ways that someone outside the tradition might not 
notice. Child data never enters the knowledge layer. Speech, video and interaction logs belong 
to the data management layer, where access controls and retention limits apply. 

Field group Fields Notes

Identity artwork_id, title, title_variants, 
tradition, region

Title variants keep Vietnamese 
names with diacritics

Provenance and rights source_institution, source_reference, 
provenance, rights_status, 
permitted_uses

Released only after rights are 
confirmed

Image image_uri, image_quality, 
digitization_method

Authorized reproduction only

Visual annotations object_regions, object_labels, 
colours, composition_notes

Candidates from vision service until 
confirmed

Cultural context cultural_description, 
linked_context_ids, 
interpretation_attribution

Interpretations always carry a source

Educational metadata vocabulary, learning_objectives, 
suitable_activity_types

Proposed by educators

Accessibility alt_text, audio_description, 
visual_complexity, 
plain_language_summary

Reviewed before use

Review annotation_role, review_status, 
reviewer_role, version

Records who proposed and who 
approved
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Đám cưới chuột (The Rats' Wedding) from the Đông Hồ tradition shows how this works. 
Candidate annotations would mark the rats in the procession, the cat and the gifts the rats 
offer. A separate context record could describe readings of the scene's social commentary, 
provided each reading is supported by a credible source and attributed to it. Observable 
content and interpretation stay distinct. 

8.2 Cultural knowledge graph 

A relational database could store the same information and might be simpler to maintain for a 
small collection. We use a graph because the queries the platform needs, such as "find all 
artworks linked to a learning objective through a cultural context that has been reviewed", are 
path queries, and in SQL they require joins that obscure their intent. The cultural knowledge 
graph connects artworks, visual elements, sourced context, learning objectives and activities 
through typed nodes and edges [27] and borrows from heritage ontologies the practice of 
recording provenance and events explicitly [26]. A typical path runs: 

Artwork → Visual element → Sourced cultural context → Learning objective → Accessible 
activity 

Figure 3 shows a fragment for Đám cưới chuột. Every edge stores its source and a confidence 
label, and interpretive nodes are marked as attributed, so several readings of the same image 
can coexist. When the language service retrieves context, it follows only edges whose sources 
have been reviewed. A documented depiction of a buffalo in a particular print, for example, 
can be linked to agricultural life if a reliable source supports the link, and that link can then 
lead to a vocabulary or storytelling activity about traditional livelihoods. Where meanings 
differ between regions or sources, the graph keeps the variation. 

 
Figure 3. Fragment of the cultural knowledge graph for Đám cưới chuột (The Rats' Wedding). Observable 

elements, sourced context, learning objectives and activities are separate node types. 
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8.3 Educational and accessibility knowledge base 

A third store holds reviewed activity templates, UDL-aligned teaching strategies, AAC 
support options, accessibility requirements for digital and printed materials, safety 
considerations and criteria for when human review is needed. Its content is written or 
approved by qualified educators and therapists. General educational guidance belongs here 
and clinical protocols do not; those remain the responsibility of professionals and their 
institutions, and encoding them as automatic rules would suggest a clinical authority that the 
platform does not have. 

9. Data management and deployment 

Because the users are children, every decision in the data layer follows from four rules: 
minimize data, limit purposes, control access and keep records only as long as necessary. 

9.1 Learner preference and progress store 

The information held about learner i at time t is a small tuple: 

Here Mi holds the modes and presentation formats the learner has selected, Gi(t) the 
objectives set by educators, di,g the current task difficulty for each objective, Hiτ(t) the activity 
history within a retention window τ, and Ni(t) notes authorized by the responsible 
professional. The profile contains no diagnosis, no biometric data and no facial images. 
Preferences are recorded at the level of activities and sessions and are never turned into 
permanent assumptions about the child. Educators and, where appropriate, families can view, 
correct and delete entries at any time. 

9.2 Interaction and audit log 

The log records the activities offered and chosen, format changes made by users, 
recommendations with their explanations, educators' approvals, edits and rejections, and 
technical or accessibility errors. Emotional states are not logged by default. Entries carry 
pseudonymous identifiers, follow retention limits and are visible only to authorized roles. The 
log exists for accountability and is not used to monitor children's behaviour. 

9.3 Model and prompt repository 

A repository stores model identifiers, versions, training metadata, prompt templates, 
evaluation protocols, documented limitations, validation status and change history. Each 
model has a card stating its intended use and known limits [43]. MLflow or a similar registry 
can manage these records. Before any model or prompt version goes live, testing must cover 
accessibility, cultural accuracy, privacy and possible harm, since technical metrics alone are 
not enough, and every release can be rolled back. 

(4)Pi(t) = (Mi,  Gi(t),  {dt
i,g}g∈Gi(t)

,  H τ
i (t),  Ni(t))
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9.4 Cloud-edge deployment 

Each function runs in the simplest environment that can handle it safely (Figure 4). On the 
edge, meaning a learner's device or a local school server, the platform renders the interface 
and accessibility controls, plays reviewed audio, keeps the activity state and session timer, 
caches approved content and rules, and runs lightweight speech recognition where the 
hardware allows. Sensitive audio and images leave the edge only when sending them is 
necessary, authorized and protected. 

Heavier services run in the cloud: grounded language generation, knowledge services, the 
model and content registry, aggregated monitoring and the review queue for generated 
content. Each operation sends only what it needs, usually artwork identifiers and activity 
parameters. Raw child audio, facial images and detailed histories stay on the edge. Any future 
model training would follow its own governance rules on data rights, consent, security and 
deletion, separate from ordinary operation. 

 
Figure 4. Cloud-edge deployment. Sensitive inputs stay on the edge; the cloud handles heavier services on 

demand, and reviewed updates are synchronized back in versioned form. 

Communication between edge and cloud is encrypted and authenticated, and every request 
passes an authorization check. Updates to content and models are versioned, tested and 
reversible and are synchronized to the edge under controlled conditions. Many interactions 
need no cloud at all, and a session using cached activities works offline. Offline operation is 
treated as a full mode of the platform, because a design that assumes constant cloud access 
would fail in schools where connectivity is unreliable. 

10. Governance, privacy, security and ethics 

10.1 Consent, assent and participation 

Under the CRC and the CRPD, children with disabilities are entitled to extra protection and to 
a voice in decisions that affect them [2, 14]. Parental permission alone is therefore not 

19



AI-POWERED VIETNAMESE FOLK PAINTINGS PLATFORM

enough. The child's own assent should be sought in a form the child can understand and 
express, whether through speech, symbols or AAC; how to obtain meaningful assent from a 
child with severe cognitive disability is a problem this design does not solve. Refusing or 
stopping has no cost for the child, who keeps access to other activities and services, and 
families and professionals decide together which functions are switched on. 

10.2 Data minimization and pseudonymization 

The platform collects as little as possible. Facial video, voice recordings, eye-gaze data and 
detailed behavioural traces enter the system only when a specific purpose requires them and 
that purpose has been documented in advance. Names and contact details are kept in a 
separate store from educational records and linked through pseudonymous identifiers, whose 
keys are held under restricted access by a designated data controller. If computer vision ever 
has to process an image of a child, which the core design avoids, task-specific outputs are 
kept instead of raw images wherever possible. 

Pseudonymization does not make data anonymous. Images, voice recordings and derived 
features can still identify a person or reveal sensitive information, so retention limits, 
restrictions on secondary use and secure deletion all apply. In Viet Nam the Law on Personal 
Data Protection has been in force since 1 January 2026 [44], and the GDPR applies where 
European data subjects are involved [45]. Identifiable child data is never released publicly. 

10.3 Secure transmission and access control 

Data in transit is encrypted, and sensitive data at rest is encrypted on devices and servers. 
Authentication differs by user group: children use a simple supervised sign-in, while adults 
who access records need stronger authentication. Role-based access control gives each role 
only what it needs, so a teacher sees progress for their own learners, while a technical 
administrator who maintains the server does not automatically see any educational records. 
Secure session management, audit logging, timely updates, vulnerability assessment and an 
incident response plan complete the picture. All of this has to fit how schools actually work, 
with shared devices and limited technical staff. 

10.4 Privacy-preserving learning options 

If the platform later improves its models with data from several schools, privacy-preserving 
techniques can reduce exposure. In federated learning, each site trains locally and a server 
aggregates the updates [46]: 

where wkt+1 is the model trained at site k on nk local examples and n is the total. Model 
updates can still leak information, so federated learning can be combined with secure 
aggregation, which lets the server compute the sum without seeing individual updates [47], 
and with differential privacy, which bounds how much any one person's data can change the 

(5)wt+1 = ∑
K

k=1

nk

n
wt+1

k
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output. A mechanism ℳ is ε-differentially private if, for any two datasets D and D' that differ 
in one person and any set of outputs S [48]: 

The data owners have to choose ε, trading protection against usefulness. These techniques 
complement each other and suit different threat models. None of them is part of the first 
release; they are options for a later stage, when sharing data across schools becomes practical. 

10.5 Cultural governance and rights 

Provenance, reproduction rights, title variants, regional meanings and restrictions on ritual 
images all require consultation with cultural institutions, artisans and community 
representatives. Digitizing an image transfers neither copyright nor cultural authority. Sources 
must be credited, permitted uses respected, and cultural reviewers must be able to correct or 
withdraw content. Only a few families still practise Đông Hồ printmaking [4], and 
reproducing their work digitally without involving them would be inappropriate whatever its 
copyright status. Sình prints are made for ritual purposes [10], so displaying them in a 
classroom activity risks trivializing their meaning, and consultation on their use has to be 
substantive. 

10.6 Risk register 

Table 4 lists eight risks with their mitigations and the role responsible for each. The register is 
reviewed whenever a service, model or content set changes. Its common thread is that the 
platform supports teachers, therapists, families and clinical care and never replaces them [20, 
49]. 

(6)Pr[ℳ(D) ∈ S] ≤ eεPr[ℳ(D′￼) ∈ S]
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Table 4. Risk register. 

11. Discussion 

11.1 Contribution 

The individual components are familiar. UDL is well established, the CIDOC ontology has 
been used in the heritage sector for two decades, and speech recognition and language 
generation are widely available. What this paper adds is a way of combining them: a buildable 
design that brings cultural heritage, accessibility and AI into one platform where adults stay in 
control. Reviewed artworks become activities that can be reached through several modes, 
generated text is tied to reviewed records, and every suggestion passes an educator before it 
reaches a child. Since the selection and adaptation rules are explicit, the platform's behaviour 
can be predicted and explained. Separating observation from interpretation in the knowledge 
graph gives cultural reviewers a clear boundary to work at, which matters most when the 
same image carries different meanings in different regions. 

11.2 Tensions and trade-offs 

Several tensions shaped the design, and in each case we chose caution over capability. 

Cameras and continuous audio would yield richer interaction signals, but the privacy cost is 
too high for children who cannot meaningfully consent, so the design leaves them out. A 
learned adaptation policy might save teachers setup time; rules they can read and override are 
easier to trust in a first release, and that release will largely decide whether teachers adopt the 
platform. Generative storytelling invites expression and can also distort cultural meaning, 
which is why generation stays grounded in reviewed records and passes through an educator. 

Risk Mitigation Owner

Invented cultural explanations Retrieval from reviewed records 
only; review queue; attribution

Content lead with cultural reviewer

Incorrect object labels Human confirmation of candidates; 
choices offered when uncertain

Content lead

Speech recognition failure Speech never required; alternative 
modes; no penalty

Accessibility lead

Inaccessible activities WCAG 2.2 audit; testing with 
assistive technologies

Accessibility lead

Adult over-reliance on suggestions Explanations, alternatives and 
reminders that decisions belong to 
educators

Pedagogical lead

Privacy breach Minimization, encryption, role-based 
access, incident plan

Data protection officer

Unapproved artwork use Rights fields checked before release; 
withdrawal process

Content lead

Profile bias from short-term data Task-specific, reversible profiles; 
reset and correction

Pedagogical lead
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Running models on the device protects data and works offline but limits model size, so 
heavier functions move to the cloud only when needed. 

The platform does not generate new images in the style of folk paintings. Generated images 
have no provenance, and imitating the style of a living tradition without the involvement of its 
artisans would be inappropriate. 

Traditional painting is not inherently therapeutic. Art-based activities may be enjoyable and 
useful within a broader plan, but whether they benefit a child depends on the child, the 
activity, how it is delivered and what is measured, and engagement alone is not evidence of 
progress. 

11.3 Limitations 

Nothing in this paper has been validated. We do not know whether children will prefer folk-
painting activities to more familiar digital formats, whether vision models will cope well 
enough with stylized prints to be useful, or whether the platform will improve learning in any 
measurable way. We expect cultural familiarity to make engagement easier, but that is a 
hypothesis to be tested. 

Cultural interpretation is the hardest part. It varies by region, community, version of a print 
and historical period, and a single annotation scheme risks flattening layered meanings. 
Community review addresses this but is slow and expensive. AI components will perform 
unevenly across speech patterns, access technologies and individual children. Short-term 
performance, if treated as a stable trait, biases the learner profile; task-specific and correctable 
records counter this, though perhaps not completely. A privacy-preserving implementation 
adds cost. And the rights situation for many historical prints is unclear, which could shrink the 
usable collection considerably. 

12. Conclusion and future work 

We have described one way to connect Vietnamese folk paintings to inclusive learning 
through AI, with adults in control and children's data kept to a minimum. The architecture 
spans curated artwork records, a provenance-aware knowledge graph, multimodal AI services 
and a cloud-edge deployment, with governance built into every layer. Whether it works for 
children with disabilities, their teachers and cultural custodians remains open, and only 
implementation and evaluation can answer that. 

The work should proceed in stages. Artwork rights come first: they have to be established 
with institutions and a small reviewed collection assembled, which may take months given 
how fragmented ownership of historical prints is. Activities can then be co-designed with 
educators, families and learners, and a rule-based prototype built. Usability studies under 
ethical review should come before any controlled evaluation of outcomes. AI services should 
be introduced one at a time, with language generation first, speech recognition next and 
adaptive sequencing last, each with safety checks and a fallback ready. Throughout, the aim is 
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to make culturally grounded material more accessible without taking judgement away from 
the people who know the child. 
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