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Abstract
This article introduces the VISTA-SL project, which aims to create an integrated e-learning platform for four
European sign languages: German Sign Language, Greek Sign Language, Irish Sign Language, and Dutch Sign
Language. Designed as a complement to face-to-face classes, the VISTA-SL platform will combine expertise in
sign language education and education technologies to provide an adaptive and interactive learning environment
suitable for deaf, hard of hearing and hearing users seeking to learn a sign language, whether it constitutes
their first language or not. Building on a co-ordinated curriculum that covers vocabulary, grammar and Deaf
culture materials, the platform will provide video material presented by deaf L1 signers, together with games and
gamification features to motivate learning, while also providing several assistive technologies. By leveraging
cutting edge language processing and computer vision approaches, the platform will provide augmented reality
feedback, 3D avatars and an LLM-based virtual instructor, as part of the learning environment. VISTA-SL is
developed in collaboration with end-user focus groups, comprising deaf, hard of hearing and hearing individu-
als. This will serve to ensure that the educational platform aligns with the expectations and needs of its intended users.

Keywords: sign language education, language learning, education technologies, deaf mobility

1. Introduction

Learning a signed language (SL) is a complex task.
In addition to developing proficiency in a sign lan-
guage, it is critical that learners also understand
the cultural aspects and significance of learning a
minority language. Learner needs also differ de-
pending on whether their first language is a spoken
language or another sign language.

According to the World Health Organisation, up to
5 out of every 1,000 children are born with hearing
loss or acquire it soon after birth, yet the infrastruc-
ture for sign language education remains inade-
quate (Altun, 2025). While traditional face-to-face
SL education is considered the ‘gold standard’ for
both teaching and learning SLs (providing immedi-
ate feedback, visual interaction and cultural immer-
sion), Europe is faced with a significant and ongoing
shortage of qualified SL instructors and supporting
learning materials (Mathews, 2020). This presents

a critical challenge for the region. This issue is
further highlighted as SLs gain legal recognition as
full natural languages that are independent from
spoken languages and as the primary languages
of deaf1 communities.

Advances in digital technologies provide the po-
tential to support both SL instructors and SL learn-
ers with regard to teaching and learning support
tools – regardless of the hearing status. These
advances leverage technological approaches to
provide learners with unique advantages, includ-
ing visual sign demonstrations from various per-
spectives, and responsive and sometimes imme-
diate feedback mechanisms. Advances in neural

1Based on the critical discourse of whether to differ-
entiate audiological status and cultural identity through
different capitalisations of deaf, we follow Kusters et al.
(2017) and others in using lowercase deaf throughout to
avoid an unintentional dichotomy or possible exclusion
of individuals that do not neatly fit in these categories.
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natural language processing and computer vision
have been harnessed to develop digital tools that
empower learners, allowing them to adopt a suit-
able pace based on personal preference and ability,
while also supporting access to education from re-
mote locations and flexible on-demand delivery.

This paper presents VISTA-SL2 (Visual Interac-
tive System for Teaching and Assessment of Sign
Languages), an integrated e-learning platform that
provides the potential to support SL teaching and
learning through the use of a novel combination of
augmented reality visual feedback, 3D avatar tech-
nology, and Large Language Model (LLM) powered
personalised feedback. The platform will provide
curricula for multiple sign languages, covering vo-
cabulary, grammar, interaction, and Deaf culture,
as well as games for language learning. Both deaf
and hearing learners are taken into account in the
design of the curricula and platform interface.

The remainder of the paper is structured as fol-
lows. In section 2, we provide an overview of VISTA-
SL as a tool for teaching and learning. Section 3
outlines previous and current research in the area,
representing both technical and educational as-
pects. A description of the curriculum development
is provided in section 4, followed by the employed
education technologies in section 5. In section 6,
we discuss the VISTA-SL platform with regard to its
architecture, user progress tracking, accessibility
and privacy. We conclude the paper in section 7
and outline the future direction of our work.

2. VISTA-SL for Teaching and
Learning

VISTA-SL is an Erasmus+ project involving six part-
ner institutions across five European countries. It
aims to provide accessible, open sign language
education that can scale beyond the limitations of
traditional classroom instruction. The platform pro-
vides support four European sign languages:

• German Sign Language (DGS)

• Greek Sign Language (GSL)

• Irish Sign Language (ISL)

• Dutch Sign Language (NGT)

Entries are cross-linked between languages, allow-
ing interested users to compare different languages.
VISTA-SL is designed for two groups of second lan-
guage learners (L2) that differ in their familiarity
with the visual language modality: Signers learning
another sign language (L2M1) and learners that
encounter SLs for the first time (L2M2).

2https://vista-sl.eu/

The coordinated curriculum, together with the
technical components of this project, are steered
and evaluated by focus groups. The focus groups
include deaf and hearing students as well as estab-
lished deaf sign language teachers. By including
deaf course instructors, VISTA-SL supports the po-
sition that deaf people must be at the forefront of
teaching their own first language. Learners are
provided with the benefit of learning sign language
from deaf L1 signers, while also experiencing in-
sight into deaf culture. This approach is instrumen-
tal in preserving authenticity, while also promoting
role models.

VISTA-SL is informed by the Common European
Framework of Reference for Languages (CEFR)3

(Council of Europe, 2020) and the ProSign project4
regarding descriptors for reception, interaction and
production, although it follows a different level struc-
ture that more directly integrates with the platform’s
goals. VISTA-SL also builds on experiences made
creating an e-learning platform prototype in the CAT-
SL project (Blekos et al., 2026)5.

The VISTA-SL project has the following key ob-
jectives and contributions:

• Creation of interactive learning curricula and
educational games in four EU sign languages,
designed for deaf and hearing users and devel-
oped by sign language educators and linguists.

• Design of a modular, accessible web platform
with privacy-preserving architecture.

• Development of real-time AR feedback tools
using hand and facial landmark detection to
provide immediate visual guidance on sign ex-
ecution accuracy.

• Integration of 3D signing avatars for demon-
strating correct sign production, with control-
lable playback for detailed examination.

• Implementation of an LLM-based virtual in-
structor that provides personalised coaching
based on learner progress and performance
patterns.

2.1. Representation
Sign languages are intrinsically linked with the deaf
communities from which they originate. When de-
veloping educational materials and technologies
centred around these languages, it is essential
to involve these communities in meaningful ways

3www.coe.int/lang-cefr
4https://www.ecml.at/en/

ECML-Programme/Programme-2012-2015/
ProSign

5http://cat-sl.eu

https://vista-sl.eu/
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throughout the entire life cycle of a project (Harris
et al., 2009; Desai et al., 2024).

In this project, deaf signing people are involved
on all levels: as principal investigators, as scientific
researchers, as teachers, as students, as learners,
and as focus group members. Thereby, deaf-led
and participatory research—which is ranked very
highly in current discussions about the primacy of
deaf people in the research and development of
technology for deaf people—plus taking an applied
perspective into account at all steps of the project,
is given space as much as possible. Above all,
including deaf and hearing learners and deaf ed-
ucators as target groups is essential, thus consid-
ering their respective needs and requirements as
platform users. Feedback from these groups has
a direct impact on both the educational content,
technology implementation and platform interface.

3. Related Work

3.1. Sign Language Education
For second language learners, it matters whether
their first language is in the same modality (M1)
or another (M2). Signers learning another sign
language (L2M1) and learners that encounter SLs
for the first time (L2M2) therefore represent two
distinct groups of learners (Schönström and Holm-
ström, 2022). Testing previous assumptions on sec-
ond language learning, several studies on L2M1
and L2M2 learners find important differences in
challenges and opportunities for these groups (cf.
Chen Pichler and Koulidobrova, 2015).

For us, it is important to offer both groups learn-
ing opportunities on a par. SL teachers encounter
various topics that L2 learners struggle with (Woll,
2012) and deaf didactics has not yet been suf-
ficiently studied (Ladd, 2022; Grote et al., 2018;
Karar et al., 2017; Metzger, 2008). Practising out-
side the classroom in a guided and fun way online
may aid progress through self-regulated learning.
In addition, the cross-language and cross-cultural
exchange across Europe’s SLs and deaf communi-
ties adds significant value to the project (cf. Kusters
et al., 2024; Leeson and van den Bogaerde, 2020).

3.2. E-learning Platforms for SLs
Online learning platforms for sign languages have
evolved from simple video repositories to interactive
systems. Early work by Kelly et al. (2008) explored
live feedback, laying important groundwork for later
platforms. A relevant recent comparator is the SL-
ReDu platform for learning GSL as an L2, which
integrates SL recognition into a web-based environ-
ment for self-monitoring and objective learner as-
sessment (Papadimitriou et al., 2025). Related mul-
tilingual platform work is represented by VisuoLab,

a multilingual, -modal, and -functional platform de-
signed for SL communities (Rathmann et al., 2024).
Recent work also incorporates interactive elements
(Wang, 2025), though comprehensive platforms
integrating curriculum management, real-time feed-
back, and personalised instruction remain rare.

Recent work has also examined challenges
for deaf students in e-learning environments (Al-
jedaani et al., 2023), highlighting the need for
accessible platforms. Game-based approaches
(e.g. Economou et al., 2020) combine SL learning
with gamification elements, an approach VISTA-
SL incorporates through achievement badges and
progress tracking (see section 4.2).

3.3. Education Technologies
Vision and Sensor-Based Systems: Zhang
et al. (2021) present a mobile phone-based sys-
tem for Chinese Sign Language using point clouds,
which are more lightweight than video streams. The
app indicates to users whether they were correct
or not, but does not provide additional feedback on
what was incorrect. Truong et al. (2022) use Medi-
aPipe (Lugaresi et al., 2019) with a gated recurrent
unit model for Vietnamese Sign Language recogni-
tion. While effective, their use of a prosthetic arm
for visualisation limits adoption potential.

Shao et al. (2020) describe an augmented reality
SL teaching system with detailed feedback on sign
production. Alam et al. (2024) present recent ap-
proaches for sign recognition in learning contexts,
though without focus on explainable feedback.

Building on these foundations, VISTA-SL will go
beyond binary classification, providing contextual
assistance in the form of visual, textual and numer-
ical feedback, based on real-time hand, face, and
pose landmark detection (see section 5.1).

Avatar-Based and Immersive Systems: Phan
et al. (2018, 2020) present an avatar-based sys-
tem with multiple feedback modes including arrows
for wrong positions, trajectory paths, and ‘phan-
tom visualisation’ where teacher movements are
superimposed on student recordings.

Immersive virtual reality (VR) environments have
shown promise for engagement. Wang et al. (2023)
implement a VR environment for learning numbers
in ASL with game mechanics, finding higher user
appeal than traditional methods. Quandt (2020),
Quandt et al. (2022) and Kasapakis et al. (2024)
describe VR systems using motion capture for sign
language learning. While these immersive environ-
ments demonstrate research potential, their com-
plex setup and high cost limit mainstream adoption.
VISTA-SL addresses this by providing web-based
access on commodity hardware to 3D avatar visu-
alisations (see section 5.2).
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AI and LLM-Based Tutoring Systems: Re-
search on feedback for sign language learners pre-
dates current LLM-based systems. Huenerfauth
et al. (2017) evaluated methods for presenting lan-
guage feedback for student ASL videos, providing
an important foundation for later computer-assisted
feedback research. More recent work examines
learner preferences for automatic feedback (Has-
san et al., 2022), automated vocabulary assess-
ment and learner perceptions (Holzknecht et al.,
2024), and the automatic elaboration of linguistic
annotations into learner-facing feedback (Battisti
and Ebling, 2024). Related work on annotation for
continuous Swiss German Sign Language (Battisti
et al., 2024) and the recent dissertation of Battisti
(2025) further highlight the growing focus on the
analysis and assessment of L2 sign production.
VISTA-SL will extend this line by introducing an
LLM-based virtual instructor for text-based contex-
tual coaching depending on learner progress and
exercise performance (see section 5.3).

Surveys and Broader Context: Recent surveys
now cover sign language processing more broadly,
including recognition, translation, production, and
datasets. Tan et al. (2024) review deep learning-
based approaches to sign language processing,
while Toshpulatov et al. (2025) provide a more re-
cent overview spanning recognition, translation,
production, and datasets. For sign language
translation specifically, Shahin and Ismail (2024)
survey the evolution from rule-based methods to
transformer architectures. In feedback research,
Paudyal et al. (2019, 2020) demonstrate bene-
fits of explainable AI for sign language learning,
while Hassan et al. (2022) investigate learner pref-
erences for automatic feedback. Prior work on error
taxonomies for computer-assisted language learn-
ing (Suri and McCoy, 1993) highlights the impor-
tance of categorising learner mistakes to enhance
instructional feedback.

4. Curriculum

The VISTA-SL platform delivers curricula in four
European sign languages: DGS, GSL, ISL and
NGT. Content is developed by sign language edu-
cators and linguists at partner institutions following
requirements gathered through focus groups with
both deaf and hearing learners and deaf educators.
It is designed to account for the needs of both L2M1
and L2M2 learners.

4.1. Content Structure and Types
The curricula follow a three-level hierarchical organ-
isation of courses, modules, and lessons. Their
content will include:

(a) (b)

Figure 1: Examples of VISTA-SL exercise feed-
back, given in DGS, for (a) good performance and
(b) mixing up signs.

• Vocabulary acquisition through flashcards and
isolated sign demonstrations

• Grammatical structures including non-manual
markers and role-shifting

• Sentence-level content for real-life sign lan-
guage interactions

• Signed dialogues between two people

• Illustration of sign variation due to regional and
individual differences

On top of classical vocabulary topics (family, food,
etc.) and interaction elements (introducing oneself,
talking about the weather) and various semantic
fields such as time, relationships or food, we in-
clude specific areas of interests, representing each
country, such as sports events and car brands.

Exercises will involve activities such as identify-
ing signs, understanding signed utterances, and
reproducing signs. For sign reproduction, learners
will be able to have their performance mirrored back
to them, allowing them to practise before handing
in recordings for evaluation. For certain aspects of
signing, learners will also be able to practice using
augmented reality feedback (see section 5.1).

4.2. Games and Gamification
A number of steps are being taken to make the
learning process enjoyable and thus further moti-
vate learners. These include immediate exercise
feedback, progress tracking and games to practice
content. Once again, input from the focus groups
proved instrumental in refining these elements and
aligning them with the needs of all user groups.

During exercises, users should receive immedi-
ate feedback. To enhance language immersion,
system feedback can be given in the target lan-
guage, e.g. through signed expressions that indi-
cate correct or incorrect answers in a playful man-
ner (see fig. 1). Furthermore, learners will be able
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(a) (b) (c) (d)

Figure 2: Avatar demonstrations for the GSL letter H (Eta): (a) reference video, (b–d) avatars with
trajectory overlays, shown from various viewing angles.

to practice signs through augmented reality feed-
back (see section 5.1), which can give immediate
visual and textual input on e.g. how to adjust their
handshape to match that of the target sign. On
completing exercises, users will receive progress
badges and completion indicators (see section 6.2).

Several games will be provided to help learners
practice, such as quizzes, memory, and fill-the-gap.
These games will cover vocabulary practice, lan-
guage understanding exercises and deaf culture
content. In implementing these games, it was im-
portant to design them in a sign-centric manner,
avoiding variants that relied on written language
text to work. While sign-centric design is generally
desirable for an immersive learning environment,
it is particularly important for the deaf user group
of the VISTA-SL platform, for whom both source
and target language should be signed. Therefore,
games like quizzes that involve a user’s first lan-
guage for instructions or answers would need to
be able to also provide these as either text or sign
video, depending on the user’s own language.

4.3. Cultural Integration
The feedback from focus groups emphasised that
deaf culture and sign languages are inextricably
linked and should therefore not be taught in isola-
tion from each other. The VISTA-SL curriculum ac-
counts for this by including content on deaf culture
and identities that will go alongside the linguistic
material . Vocabulary lessons will also be accom-
panied by cultural context notes. Similarly, the se-
lection of games (see section 4.2) will also cover
ones that test users on matters of deaf culture.

5. Education Technologies

To assist learners in their practice sessions, the
VISTA-SL platform will provide a number of inter-
active features leveraging language technologies,
such as sign language recognition (section 5.1),
sign language synthesis (section 5.2) and large

language models (section 5.3). In this section, we
describe some of these features to illustrate how
these technologies will be used by the platform.

5.1. Augmented Reality Feedback
A typical challenge for learners of sign languages,
especially those not used to the visual modality, is
to reproduce signs accurately, e.g. using the correct
handshape, orientation and movements (cf. Lerose,
2025). An augmented reality system with integrated
sign recognition functionalities will give learners
real-time feedback on their attempts, evaluating
them against the reference material.

For instance, for handshape and orientation feed-
back, video from the user’s webcam will be mir-
rored back, but overlaid with an augmented reality
comparison between the user’s hand and that of
the reference. In addition, users will receive fine-
grained feedback on individual parts of the hand-
shape through both colour-coding of their hand’s
keypoints in the augmented image, as well as tex-
tual descriptions of what needs correcting.

Feedback for non-manual features - like question
marking, negation, intensifiers and mouth gestures -
will use tracking of facial markers such as eyebrow
raise, mouth patterns, and head tilts. For signs
involving motion, body part movement patterns will
be processed to provide feedback. Information
from these components will also be combined to
provide general feedback on individual signs and
sentences.

5.2. 3D Avatar System
Each sign or sentence in the curriculum material is
represented by a video recording of a deaf L1 signer.
To provide users with additional information, they
will be able to show the same material performed
by a virtual avatar, allowing them to view it from dy-
namically chosen viewing angles and zoom levels.
Optional trajectory tracks of hand and arm motions
will provide further assistance. These features can
be seen in fig. 2, which shows the reference video
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(a) (b) (c) (d) (e) (f)

Figure 3: Different avatar appearances.

of a GSL signer fingerspelling the Greek letter H
(Eta) and avatars from various viewing angles with
trajectory overlays.

Following established best practice for sign lan-
guage avatars (Krausneker and Schügerl, 2021;
Kopf et al., 2023), users will be able to choose from
a variety of avatar appearances and background
options, as can be seen in fig. 3.

To ensure appropriate quality of the avatar per-
formance while still scaling it to cover sufficient
amounts of material, initial performances will be
generated using pose and face keypoint estima-
tions from the reference videos, which can then be
then revised through an editor interface.

5.3. Virtual Instructor and Coaching
The VISTA-SL platform will also incorporate an
LLM-based virtual instructor that provides person-
alised coaching based on learner context. The
coaching system will access learner progress
summaries—completion rates, average scores,
recent performance, and recommended next
lessons—to generate contextually relevant guid-
ance. The coach can identify error patterns across
lessons and provide targeted practice recommen-
dations.

Given that the integration of sign language syn-
thesis into generative model systems at produc-
tion quality is still an open research challenge, the
virtual instructor will focus on giving feedback in
written form.

6. The VISTA-SL Platform

This section describes the VISTA-SL platform ar-
chitecture (section 6.1), its learning management
(section 6.2), accessibility (section 6.3), and privacy
considerations (section 6.4).

6.1. Platform Architecture
The VISTA-SL platform follows a modular client-
server architecture, shown in fig. 4, designed to inte-

grate independently developed components while
maintaining a cohesive user experience. This al-
lows partner institutions to develop and integrate
modules—AR tools, avatar system, LLM instructor,
curricula—in parallel using their preferred technolo-
gies. The frontend prioritises low barriers to entry:
users access the platform through standard web
browsers on commodity hardware (laptop or tablet
with webcam), without requiring specialised sen-
sors or VR equipment.

The augmented reality feedback system will build
on pre-computed reference landmarks extracted
from expert demonstrations. Its scoring algorithm
will use Procrustes analysis (Arvanitis et al., 2023)
for shape comparison, applying weighted distance
metrics that emphasise fingertips and key joint posi-
tions. The platform will use the Performs 3D avatar
system developed by Universitat Pompeu Fabra
(Valls-Garolera et al., 2025). Avatar animations will
be created and edited using the web-based Anim-
ics tool (Ubieto et al., 2024; Pozo et al., 2025). The
virtual instructor will provide a provider abstraction
layer, supporting multiple LLM backends (commer-

Figure 4: High-level architecture of the VISTA-SL
platform, showing the web frontend, backend with
core modules (AR Feedback, Avatar Control, Vir-
tual Instructor, Games API, Progress Tracking), and
data persistence layer.
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cial APIs or locally-hosted open models) to ensure
flexibility and avoid vendor lock-in.

6.2. Learning Management and Progress
Tracking

The learning content follows a hierarchical structure
of courses, modules, and lessons, enabling organ-
ised progression through sign language curricula.
Each lesson combines reference videos showing
expert demonstrations, 3D avatar animations, and
interactive practice with AR feedback.

The progress tracking system records lesson
completion status, performance scores, and times-
tamps, enabling both learner self-assessment and
educator monitoring. A visual dashboard presents
courses with progress indicators, animated video
thumbnails, and completion badges, providing
learners with clear visibility into their advancement.

6.3. Accessibility within VISTA-SL

The VISTA-SL platform is designed with users in
mind whose first language may be either a signed
or spoken language. Depending on the user’s pre-
ferred modality, the interface will contain more writ-
ten or signed content. For instance, while a speaker
of German who is learning GSL will be shown Ger-
man text for translations of GSL signs, a signer of
DGS will be provided with DGS videos as transla-
tions instead.

The platform will be designed in coordination
with our focus groups. It will also follow established
web accessibility standards, such as the WCAG
2.1 guidelines6. These include incorporating key-
board navigation, screen reader compatibility, and
sufficient colour contrast.

6.4. Privacy

Privacy in educational technology has gained in-
creasing attention, particularly for systems process-
ing video data. Existing sign language learning sys-
tems often require video upload or recording, rais-
ing concerns about data storage and potential mis-
use. VISTA-SL implements a privacy-preserving
architecture where the video processing for self-
paced learning occurs entirely client-side. For aug-
mented reality feedback (section 5.1) only extracted
landmark data—abstract skeletal representations—
are transmitted for analysis, with no raw video
stored on servers. The only instance where video
is transmitted is when it is sent to a human teacher.
This approach aligns with data minimisation princi-
ples while enabling effective feedback.

6https://www.w3.org/TR/WCAG21/

7. Conclusion

This paper presented VISTA-SL, an integrated e-
learning platform for sign language education. The
platform will provide materials for four different Eu-
ropean sign languages and is designed both for
people learning their first sign language and for
signers wanting to learn another sign language.
The curriculum of VISTA-SL, based on the institu-
tional experience of several project partners, will
cover beginner level vocabulary and phrases, as
well as information on deaf culture and history. To
support learners during self-guided practice, VISTA-
SL will integrate a number of education features
powered by language technologies, such as aug-
mented reality feedback, 3D avatar demonstrations,
and LLM-powered coaching. To support its integra-
tion with classes taught by sign language teachers,
the platform will also provide interfaces for teach-
ers to provide feedback on homework exercises
submitted by students. The various components
of the platform, such as the intelligibility and user
acceptance of the avatar, will be evaluated through-
out the run time of the project in coordination with
our focus groups.
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