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Abstract

Media accessibility facilitates human interaction with digital products and services. Media accessibility is one of the many
solutions to secure all humans can access information today. The Information Society offers many opportunities in all
sectors of society, but also presents many challenges, and digital inclusion is perhaps the most persistent. The European
Union has addressed this challenge by passing the European Accessibility Act (2019), which echoes the United Nations’
request in the Convention on the Rights of Persons with Disabilities (2006). The European Union has also put in place
the first worldwide Artificial Intelligence Act (2024), which coexists with the EU General Data Protection Regulation
(2016). While most media accessibility services are labelled as “low-risk” according to the Artificial Intelligence Act,
there is a caveat: Sign Language Interpreting. This paper looks at the artificial intelligence risks involved in the design and
development of Sign Language Interpreting technologies. It concludes that Al-driven avatar Sign Language Interpretation
could be the solution that fulfils all three EU laws.
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1 Introduction

In the age of artificial intelligence (Al), accessibility ser-
vices are undergoing a profound technological transfor-
mation. Recent advances in Al, particularly in machine
learning and computer vision, including multimodal large
language models (MLLM) that integrate visual and linguis-
tic data, are enabling the real-time delivery of accessibil-
ity services. These technological developments promise to
increase access to public information, education, healthcare,
and digital services. Yet, this technological shift also intro-
duces significant ethical and legal challenges. Al systems
often struggle with transparency, privacy, accuracy, and
diversity representation, creating risks of depersonalisation,
misrepresentation, and over-reliance on automated solu-
tions, especially in the case of Sign Language Interpreting
(SLI) [7, 21].
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The European Union regulatory frameworks, discussed
in Sect. 2, play a crucial role in shaping how Al-generated
Sign Language (AI-SL) can be safely integrated into soci-
ety, especially through the recent EU Al Act. Although cur-
rent Al Sign Language technologies can be labelled as “low
risk” as they apply to domains such as public transporta-
tion [6, 20] and hospitality [12], developers are also pur-
suing “high-risk” areas like healthcare [9] and emergency
services [10]. When used in essential public domains such
as education, healthcare, and administration, AI-SL is con-
sidered a high-risk technology requiring rigorous transpar-
ency, human oversight, ethical data practices, and respect
for linguistic rights [21]. This shift, if not carefully man-
aged, may exacerbate existing inequalities and undermine
trust in these Al systems.

This paper explores the potential of Al-driven Sign Lan-
guage Interpreting avatars while critically situating them
within the European regulatory landscape. Section 2 pres-
ents the European legal framework. Section 3 provides a
risk analysis of the EU Al Act. Section 4 examines the tech-
nological pipeline and current solutions. Finally, Sect. 5 dis-
cusses the implications, challenges, and future directions of
Al-generated avatars.
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2 Legal framework for digital accessibility in
Europe: Al Act, EAA, GDPR

The United Nations Convention on the Rights of Persons
with Disabilities (CRPD)' came into force in 2006, when
communication technology was shifting from analogue to
digital. At the European level, the Strategy for the Rights
of Persons with Disabilities 2021-2030,> advances the
CRPD’s principles of accessibility, non-discrimination, full
participation, and equality by outlining a comprehensive
policy vision for a barrier-free Europe. Within this frame-
work, the European Accessibility Act (EAA, 2019)* func-
tions as a key legislative instrument. This directive came
into force in 2025 and seeks to make digital products such
as information content and services in the EU more acces-
sible for all, and especially for vulnerable groups such as
people with disabilities. The directive also imposes obliga-
tions to both public and private sector organisations, who
are required to monitor the accessibility of their respective
websites, mobile applications, and media content. In addi-
tion\, organisations are required to provide an accessibility
statement to a central authority in their respective countries.

2.1 Navigating the Bermuda triangle: EU Al Act,
EAA, and GDPR

In 2026, the mature data-driven digital environment is
increasingly shaped by Al. Customisation and recommen-
dation are two features of Al that differ significantly from
the analogue communication period where one size was
meant to fit all. Al is driven by data that is broken down
into smaller, more specific subgroups based on user features
such as age, gender, ethnicity, or disability, instead of being
presented as a single, broad average. This method of data
segmentation is essential for identifying disparities, under-
standing the unique needs of different groups, and creating
targeted, effective communication and policies.

GDPR: complex
but well known

EAA: complex
but monitored

EU AIA: complex
and untested

Fig.1 The GDPR, EAA and AIA Bermuda triangle

! https://www.un.org/disabilities/documents/convention/convopt-
prot-e.pdf

2 https://commission.europa.eu/strategy-and-policy/policies/justice-a
nd-fundamental-rights/disability/union-equality-strategy-rights-pers
ons-disabilities-2021-2030_en

3 https://eur-lex.europa.eu/eli/dir/2019/882/0j/eng
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The interaction between the EU Artificial Intelligence Act
(AIA) (Regulation (EU) 2024/1689),* the European Acces-
sibility Act (EAA, 2019) (Directive (EU) 2019/882),% and
the European General Data Protection Regulation (GDPR,
2016) (Regulation (EU) 2016/679)° establishes a three-part
regulatory framework essential for safeguarding the rights
of all citizens in terms of accessibility in a secure and ethical
way. Yet, this legislative framework is not always clear for
all agents involved in the design, development, and procure-
ment of an Al solution (see Fig. 1).

On the top of the triangle there is the GDPR compli-
ance framework, which is a complex but at the same time
well-established and well-known legislative framework
at a European level. The GDPR imposes strict obligations
related to purpose limitation, data minimisation, and the
protection of personal data. On the left, we have the EAA,
which establishes the accessibility requirements for ICT
products and services to ensure that persons with disabili-
ties can access digital services, information systems, and
communication tools on an equal basis with others. The EU
member states are responsible for transposing this directive
into their national laws. For instance, in Spain, the EAA
was transposed via Law 11/2023 (enacted 8 May 2023),
and a monitoring mechanism at an EU level has been set
in place. Finally, on the right there is the EU AIA, which
aims at ensuring that Al systems used in Europe are safe,
transparent, and respectful to fundamental rights through
a risk-based framework that imposes strict obligations on
high-risk systems, including requirements for data quality,
human oversight, and bias mitigation. However, the EU AIA
remains challenging for most stakeholders, as it has not yet
been fully tested, and implementation guidelines and moni-
toring mechanisms are not under development at either a
national or European level. Complementary initiatives, such
as the Progress in Implementing the European Union Coor-
dinated Plan on Artificial Intelligence (Volume 2)[15], seek
to support its practical implementation through coordinated
policy and sectoral uptake.

To ensure that accessibility is provided to all, it is cru-
cial to understand how compliance requirements under the
EAA, AIA, and GDPR interact. This is essential especially
if we are to move from principles and standards into practice
[14] to enhance trustworthy, safe, and ethical Al systems.

4 https://eur-lex.europa.eu/eli/reg/2024/1689/0j/eng

5 https://eur-lex.europa.eu/eli/dir/2019/882/0j/eng
® https://eur-lex.europa.eu/eli/reg/2016/679/0j

7 https://www.oecd.org/content/dam/oecd/en/publications/reports/20
25/11/progress-in-implementing-the-european-union-coordinated-p
lan-on-artificial-intelligence-volume-2 92ec8756/3ac96d41-en.pdf
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2.2 The Bermuda triangle in relation to sign
language interpreting

The EAA, the AIA, and the GDPR form an interdependent
regulatory triad that shapes the development and deploy-
ment of Sign Language Interpreting services. The EAA
establishes the foundational obligation to ensure acces-
sible communication, explicitly recognising Sign Language
Interpreting as an essential service, while the rapid automa-
tion of these services through Al subjects them to the EU
Al Act high-risk classification, triggering requirements for
transparency, human oversight, and stringent bias mitiga-
tion. At the same time, GDPR compliance becomes critical,
as Sign Language datasets inherently contain sensitive bio-
metric information embedded in facial expressions, hand-
shapes, and body movements, demanding robust safeguards
such as informed consent, purpose limitation, and secure
processing. Together, these three legal instruments reinforce
that the pursuit of technological accessibility cannot com-
promise privacy, data protection, or linguistic rights, and
that Al-based Sign Language solutions must augment, not
replace, the protections ensured through human interpreting.

3 EU Al Actrisk analysis of sign language
interpretating

The European Union regulatory framework, especially the
EU AI Act, plays a crucial role in shaping how Al-gener-
ated Sign Language (AI-SL) can be safely integrated into
society. AI-SL is suitable for low-risk, strictly non-relevant
structured public information, such as TV announcements
[18]. When used in essential public domains such as edu-
cation, healthcare, and administration, AI-SL is considered
a high-risk technology requiring rigorous transparency,
human oversight, ethical data practices, and respect for lin-
guistic rights [21].

Given the fact that Al is led by data, and data is not
equally representative of all humans, it becomes crucial
to propose a framework in which to analyse data for bias.
This can allow for the introduction of corrections to remedy
the unrepresentativeness of some groups, and at the same
time push for diversity. The final objective is to push for
thorough bias testing of high-risk Al systems to prevent dis-
crimination against vulnerable groups and especially per-
sons with disabilities. This involves ensuring that the data

used to train, validate, and test these Al systems is diverse,
reliable, safe, and free from biases [13, 18].

In the context of Al systems that process Sign Lan-
guage data, GDPR data protection intersects the EAA and
the EU AI Act. Because Sign Language recordings inher-
ently contain biometric features (facial expressions, move-
ment patterns, handshapes), these Al systems often trigger
GDPR obligations for the protection of sensitive personal
data. Facial features, hand movements, and body postures,
when captured by Al systems, often fall under the definition
of biometric data. Under Article 4 of the EU GDPR, such
data is classified as “special category” data when processed
for the purpose of uniquely identifying a person, trigger-
ing strict requirements for consent, purpose limitation, data
minimisation, and data protection. Al systems processing
SL input (via camera, computer vision, or sensors) are likely
processing biometric data, even if the intent is accessibility-
related. The use of biometric and visual data for training
Al models implies the use of informed consent, data own-
ership, representation, and the commodification of bodily
expression [21]. Consequently, Sign Language Al systems
must treat visual-gestural data as sensitive biometric infor-
mation, requiring rigorous protections throughout data col-
lection, annotation, training, deployment, and evaluation.

4 Sign language technologies

As all natural languages, Sign Languages are also going
through a digital evolution [7]. Sign Language technologies
are inherently interdependent [16], as illustrated in Fig. 2.

Sign Language Capturing (SLC), Sign Language Recog-
nition (SLR), Sign Language Translation (SLT), and Sign
Language Production (SLP) represent distinct but interre-
lated components of the Sign Language technology pipe-
line. SLC involves recording Sign Language data using
cameras and/or sensing technologies (e.g., RGB video,
depth sensors, or motion capture) to collect datasets, which
are often annotated for supervised learning, although recent
approaches may rely on weak or no annotation. These data-
sets support the development of SLR systems, which can
be categorised into isolated (single signs) or continuous
(sentence-level) recognition, enabling the identification of
signs or intermediate representations (e.g. glosses or learned
features) from visual input.

Annotated dataset
creation

Sign Language
Capturing (SLC)

Sign Language
Recognition {SLR)

Sign Language
Translation (SLT)

Sign Language
Production (SLP)

Fig. 2 Sign language technologies interdependency
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While SLR, SLT, and SLP all rely on machine learning
techniques, particularly deep learning and multimodal rep-
resentations, they differ in their objectives. SLR focuses on
patterns identification. SLT converts signed content into
spoken or written language, either by building on SLR
outputs or through end-to-end models that operate directly
on visual input. It draws on Natural Language Processing
(NLP) and Neural Machine Translation (NMT) techniques
to model linguistic structure and translation. SLP focuses
on generating Sign Language output using approaches such
as generative modeling, motion synthesis, and avatar-based
rendering [4]. Finally, output technologies include Sign
Language avatars and systems that produce Sign Language
from textual or spoken input,such systems typically involve
both translation (SLT) and production (SLP), rather than
SLP alone [19].

Recent advances in deep learning and generative Al have
improved aspects of naturalness, expressiveness, and intel-
ligibility across the pipeline, although important challenges
remain in achieving fully natural, linguistically accurate,
and widely accepted Sign Language outputs.

4.1 Al-based sign language technologies

Al, as a revolutionary technology, has shown great poten-
tial in Sign Language. Recent research on automatic Sign
Language Production (SLP) has focused on the creation of
signing avatars, aiming to generate natural and linguistically
accurate visual representations of Sign Language [3]. There
are two main approaches for recognising Sign Language
gestures. The first is a hardware-based approach, involving
gloves or other hardware to track hand position and deter-
mine gestures. However, such systems may not capture non-
manual features such as facial expressions unless additional
sensing technologies are employed. In practice, dedicated
hardware for facial tracking (e.g. motion capture systems or
facial sensors) can be integrated to address this limitation.

HELLO
HOW 2P?

English text AsL gloss

Fig. 3 Amazon GenASL solution (speech or text is converted to an
ASL gloss, which is then used to produce an ASL video)

@ Springer

The second is a software-based approach, where a video is
taken of the hands, and gestures are classified using com-
puter vision techniques [8]. Furthermore, hybrid approaches
combining hardware- and software-based methods are
increasingly used to capture a more complete representation
of SLP. SLR handles the problem of identifying words or
signs from complex visual input signals [4]. Hence, com-
puter vision plays a pivotal role in addressing these chal-
lenges by extracting meaningful information from visual
data. However, the effectiveness of recognition systems is
strongly dependent on the availability and quality of Sign
Language datasets [24].

While Sign Language Recognition (SLR) focuses on
identifying signs from visual input (e.g., video capturing
hand, body, and facial movements), all three tasks (SLR,
SLT, and SLP) rely on machine learning techniques, includ-
ing multimodal modeling. SLT is concerned with convert-
ing signed content into spoken or written language.

Given that Al systems are fundamentally data-driven,
Sign Language datasets are essential for the development
of Sign Language avatar generation processes [3]. SLP aims
to convert any of the many possible language inputs (text,
audio, or Signed Language) into understandable Sign Lan-
guage output (see Fig. 3).

This process also includes translation from Sign Lan-
guage A to Sign Language B by an avatar [11]. A longstand-
ing challenge in this area is the lack of standardised textual
representation for Sign Language [17]. As a result, research
has traditionally relied on the use of linguistic representa-
tions to describe signs textually or glosses [2, 5], although
the field is increasingly shifting towards gloss-free and end-
to-end Al-driven representations [7].

4.2 Sign language technologies and the EU Al Act
risk categories

From an EU AI Act perspective, Al-based Sign Language
technologies predominantly fall within the high-risk cat-
egory, as they process sensitive and potentially biometric
data. While Sign Language solutions may be considered
limited-risk in low-stakes contexts, capturing, annotation,
recognition, translation, and representation pipeline phases
require strict compliance with transparency, data gover-
nance, human oversight, and accuracy obligations (see
Table 1). The risk level of each component ultimately
depends on both the technical function and the context of
deployment, reinforcing the need for careful system design
and ethical governance throughout the Sign Language tech-
nology pipeline.

In addition, end-to-end real-time bidirectional SL Sys-
tems processing speech, text and/or video can be labelled as
High Risk, mainly because integrated systems can amplify
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Table 1 EU Al Act risk categories across the Sign Language technol-
ogy pipeline

Pipeline EU AI Act risk Rationale
phase category
Sign High risk Visual and facial data
language (context-dependent) may constitute biometric
capturing data and is high risk due
(SLO) to sensitivity of personal
data. If repurposed for
biometric identification,
it could fall under stricter
regulatory categories
Annotated ~ High risk Involves large-scale
dataset processing of potentially
creation biometric and sensitive
personal data, raising
concerns around consent,
data minimisation, repre-
sentativeness, and bias
Sign High risk Recognition systems
language directly affect accessibil-
Recognition ity and inclusion, and
(SLR) may operate in regulated
domains (education, pub-
lic services), requiring
robustness, accuracy, and
human oversight
Sign High risk Translation errors may
language significantly impact
translation users’ rights and access
(SLT) to information, especially
in legal, medical, or pub-
lic service contexts
Sign Limited to high risk Generally limited risk,
language (context-dependent) but escalates to high risk
production when deployed in critical
(SLP) domains or when misrep-

resentation or exclusion
may cause harm

risks across all stages and are often used in high-stakes set-
tings such as education or healthcare, requiring appropri-
ate transparency, accountability, and fallback mechanisms.
However, despite promising technological progress, it is not
yet feasible to automatically deliver all types of accessibil-
ity services in real time within the Sign Language domain;
existing systems are still limited in scalability, generalisa-
tion, and reliability, especially in high-stakes environments
such as education and healthcare.

4.3 Al-based sign language solutions

Currently available Al-based technologies illustrate a rap-
idly expanding ecosystem aimed at improving access, com-
munication, and inclusion for Deaf communities across
different contexts. While avatar rendering is fundamentally
based on computer graphics, recent advances in Al have
improved upstream processes such as motion generation,
animation, and realism in Sign Language avatar systems.

In this regard, current SL applications present two main
types of avatars, namely cartoon-based avatars and syn-
thetic human-like avatars. Further important aspects are the
input and output modalities, languages supported, and con-
text of use. In recent years, a new generation of Sign Lan-
guage multimodal technologies are being developed with Al
to improve communication in Sign Language in different
domains as required by the EAA (see Table 2).

Most solutions presented in Table 2 rely on cartoon-based
or synthetic human-like signing avatars to display output
in public spaces, websites, videos, or educational settings.
Most solutions allow for multimodal input and output by
converting text, audio, or video/webcam input into SL or
vice versa. The tools differ in language coverage, but most
of them cover spoken English, ASL, or BSL; others also
include International Sign, Libras, Kenyan Sign Language,
or a large set of spoken languages paired with different
SL outputs. Their use cases range from public announce-
ments, transport hubs, hospitals, and government services
to classrooms, family learning, enterprise accessibility, and
research environments. Yet, none of the solutions provide
bidirectional real-time communication through an avatar.

This fact might be due to current statements made by
both Deaf communities and experts warning that govern-
ments may use avatars as a cost-cutting measure, undermin-
ing Sign-Language rights, interpreter professions, and the
cultural and sociolinguistic integrity of Deaf signing [21].
In terms of Deaf community involvement, one solution,
namely Sign-Speak, claims to be a Deaf-owned solution.
Other solutions such as Signapse, Silence Speaks, Signvrse,
and Kara.tech, report the involvement of Deaf persons in
the development of such technologies. Furthermore, solu-
tions such as Kara.tech have a statement available on their
webpage® on the use of signing avatars, acknowledging that
the evolution of technology is causing the wider signing
community to reconsider how technology is applied in their
daily lives.

5 Al-generated avatars

The use of SL avatars has been historically questioned. In
2018, the World Federation of the Deaf (WFD) and the
World Association of Sign Language Interpreters (WASLI)
published a joint statement about the use of SL avatars:
“WFD and WASLI jointly express particular concern where
avatars are used when the information being delivered is
live, complex or of significant importance to the lives of
deaf citizens such as news broadcasts, public emergency

8 https://www.kara.tech/post/kara-technologies-position-statement-
on-the-use-of-signing-avatars
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Table 2 Classification of AI-Driven Sign Language solutions by avatar type, input and output modality, and context of use

Name Avatar Input — Output Languages Context of use
SignAvatar® Cartoon-based Text/Audio — Text + SL avatar 30+ spoken lan- Public announcements,
guages — IS & ASL transport hubs, signage
Signapse® Synthetic Text/Audio/ Video — SL Video English — ASL &  Web/video accessibility
BSL in organisations
Hand Talk® Cartoon-based Text/Audio — SL avatar Portuguese — Mobile app for transla-
Libras tion & learning, families,
BSL— ASL classrooms
Silence Speaks? Synthetic Text/ Audio/ Video — SL avatar + BSL; plans for ASL  Public spaces (stations/
captions transport), education,
corporate accessibility
Sign-Speak® Synthetic SL video — Captions/Text; Text/ ASL < Spoken Deaf-owned solution
Audio — SL avatar English Live event accessibil-

ity, enterprise platforms,
video content

Signs (NVIDIA Cartoon-based + webcam SL video — SL avatar ASL Sign Language education,

Platform)" family members of Deaf
children, early childhood

SignForDeaf® Cartoon-based Text — SL avatar English — ASL General accessibility/

translation service for
Deaf/hard-of-hearing;

limited public detail
h

Signvrse Synthetic Text/Audio — SL avatar English — KSL Webapp beta, education
settings, health/hospitals,
public services in Kenya

Kara.tech' Synthetic Text — SL (Al translation and human ASL For educational materials,

revision) campaign and explainer
videos

OmniBridgel No Avatar SL — Text English — ASL Business

Audio— Text ASL — English

ChatGPT SL/SignGPT No Avatar Prompt text — SL output English <> ASL, Research/assistant

(Assistant GPT)¥ SL — Text output (experimental) BSL context; Sign-Language
translation experiments

Google SignGemma' No Avatar SL — Text/Audio ASL Research model for SL
recognition

Amazon GenASL™ Synthetic Text/Audio/Video — SL English — ASL For accessibility and
content creation

Connect Hear" Cartoon-based and Text/Audio — SL Video/Text/Audio  Pakistan; English CODA-owned solution.

synthetic (Al translation and human revision) = — PSL Avatars for training,

capacity building, teach-
ing, and emergency
services
Note. Libras, Lingua Brasileira de Sinais (Brasilian Sign Language), SL, Sign Language; ASL, American Sign Language; BSL, British Sign
Language; IS, International Sign; KSL, Kenyan Sign Language; PSL, Pakistan Sign Language

“https://www.signavatar.org/

Phttps:/www.signapse.ai/

‘https://www.handtalk.me/en/

dhttps://silencespeaks.io/

“https://sign-speak.com/

fhttps://signs-ai.com/

Ehttps://www.signfordeaf.com/

"https://signvrse.com/

thttps://www.kara.tech/

Ihttps://omnibridge.ai/

“https://chatgpt.com/g/g-4]LkhC8K J-sign-language-assistant-gpt
"https://deepmind.google/models/gemma/
"https://aws.amazon.com/blogs/machine-learning/genasl-generative-ai-powered-american-sign-language-avatars/

"https://www.connecthear.org/
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Fig.4 Signers mask from SignGes

announcements, or political announcements”.” According
to their views, avatars might be useful for pre-recorded
static customer information, as a one-way communication
channel only from spoken to Sign Language and not vice
versa. For example, in hotels or train stations where instruc-
tions might be given, and no interaction or “live” signing is
foreseen. As they argue, avatars can complement, but never
replace, qualified human interpreters, and their development
must involve Deaf professionals to avoid harmful, unethical,
and ineffective accessibility solutions. Current concerns on
the use of SL avatars, more specifically Al-generated ava-
tars, are that 1) they often fail to meaningfully involve Deaf
communities or reflect the linguistic and cultural integrity
of Sign Languages, and 2) protection of personal and cul-
tural identity such as signers’ names, images, voices, facial
expressions, and signing styles in the development of the
systems remain unclear [21].

Conversely, the use of Al-driven avatars for automated
Sign Language Interpreting (SLI) is promising, especially
in the case of synthetic human-like avatars. This is because
SL avatars have improved significantly in the last decades,
especially with personalisation features [23]. However,
avatars must be understandable, by default adopting a born-
accessible perspective and the participation of the end user
community from the design phase [21, 22]. A major advan-
tage of SL avatars is their flexibility in appearance, as they
can be designed to resemble a real person or take on a styl-
ised, cartoon-like form [1]. This adaptability also enables
anonymisation, as the avatar can convey signing without
revealing the identity of the original signer [23]. Ano-
nymisation has been identified as a key feature in research
involving Deaf users. For example, the completed Signers
Mask project developed by the Visual Computing Institute
and the Center for Sign Language and Gesture (SignGes)'°

° https://wasli.org/wp-content/uploads/2023/07/WFD-and-WASLI-S
tatement-on-Avatar-FINAL-14032018-Updated-14042018-1.pdf

10 https://www.rwth-aachen.de/cms/root/forschung/Angebote-fuer-Fo
rschende/Forschungsfoerderung/ERS-Angebote/ERS-Praxisbeispiele/
~vjuwi/SignersMask/lidx/1/

at RWTH Aachen introduced software that anonymises
signers by replacing their appearance in the video with a
real-time avatar (see Fig. 4). A neural network is trained
to convert video input into pose information for the face
and hands, enabling an anonymised avatar to sign the con-
tent, ensuring the provision of the service as well as GDPR
compliance and mitigation of the risk assessment of the EU
Al Act. While this approach enhances privacy by masking
personal identity, it also presents limitations, as simpli-
fied or less expressive avatars may fail to capture critical
non-manual features, such as facial expressions, which are
essential for conveying meaning in Sign Languages. More-
over, full anonymisation cannot always be guaranteed, as
individual signing styles may still allow recognition of a
signer, although this may be less critical from a regulatory
perspective under frameworks such as the GDPR, the EAA,
and the EU AIA. For this reason, the use of Sign Language
data requires robust ethical and legal safeguards, including
informed consent procedures, ensuring that participants are
fully aware of how their data will be collected, processed,
anonymised, and potentially reused [13].

Future Al-based solutions should prioritise facial anima-
tion, better interaction design, and participatory develop-
ment with Deaf communities. Avatars should be developed
and researched in interdisciplinary teams, including also
Deaf participants as necessary humans in the loop, and in
line with the UN’s “Nothing about us without us” slogan.
The use of appropriate protocols in the development phase
of any SL avatar [23] could also prove to be essential to
ensure that linguistic, ethical, situational, social, and aes-
thetic aspects are considered from an end-user perspective.

6 Conclusions

Al-based solutions are increasingly being integrated in the
development of ICT services and products of public ser-
vices, education systems, and digital platforms to address
the needs of a diverse society, and the Deaf community is no
exception. While the recently adopted EU AI Act sets clear
obligations, its provisions remain limited when it comes to
safeguarding questions related to the GDPR in terms of data
privacy, transparency and accuracy in relation to bias. While
the EU AI Act classifies Al-based Sign Language technolo-
gies as high-risk in essential domains such as education,
healthcare, and public administration, its current limitations,
particularly the lack of clear implementation guidance, stan-
dardisation, and coordinated oversight, pose challenges for
ensuring effective and trustworthy deployment [15]. Conse-
quently, Al-based Sign Language systems must treat visual
gestural data as sensitive biometric information, requiring

@ Springer
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rigorous protections throughout data collection, annotation,
training, deployment, and evaluation.

Artificial intelligence has emerged as a transformative
technology in the field of Sign Language, demonstrating
significant potential for advancing automatic SL recogni-
tion and production, particularly in the development of
signing avatars [3]. Al-generated Sign Language avatars
offer potential benefits such as affordable low-cost, always-
available signing for routine public information, increased
visibility of signed languages, and supplementary support
in education or situations where no interpreter is available.
The use of avatars could further allow Deaf individuals to
remain anonymous, for example by signing their own text
but replacing their face and body with an avatar. By masking
personal features, avatars replicate an important characteris-
tic of written language: the ability to communicate content
without exposing the speaker’s or signer’s identity, offering
privacy that live SLI does not inherently provide. Avatars
are useful supplementary tools that can enhance accessibil-
ity, particularly for rendering written or spoken information
into Sign Language when immediate human interpretation
is not available.
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