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Executive Summary

The CAT-SL project aimed to create an automated system for teaching sign languages,
focusing on Greek, Dutch, and Portuguese. The system combines computer vision, machine
learning, and feedback mechanisms to facilitate the learning process. The project's primary
goal was to overcome the shortage of sign language tutors in higher education institutes and
special education schools, thus contributing towards a more inclusive society.

The CAT-SL system was developed based on the specific requirements captured in the O1:
Analysis of Sign Language Teaching Methods and Challenges for an Automated Teaching
System. It includes modules for system administration, course administration, content
management, evaluation, body tracking, and sign learning & avatar for visual feedback. The
system is expected to facilitate the teaching process of sign language courses in Higher
Education institutes, in special education schools, and for individuals interested in learning or
mastering their sign language skills.

The report provides extensive details on the project's methodology, which involved a modular
development and integration approach. The different components of the system were
developed separately and then integrated into a unified educational platform using Moodle's
capabilities for course delivery and student engagement.

The report also outlines the different functional and non-functional implementations of the
system, details the use cases for different user groups, and describes the various evaluation
criteria used to assess the system's effectiveness.

Overall, the project has resulted in a robust automated system that can facilitate sign language
learning and contribute towards narrowing the communication and cultural gap with the Deaf
community. Future steps include expanding the system to cover more sign languages and
developing specialized courseware for teaching foreign sign languages to deaf users.
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List of abbreviations, acronyms and definitions

Abbreviation / Acronym Definition

Al Artificial Intelligence

API Application Programming Interface

CERF European Framework of Reference for Languages
CSL Cypriot Sign Language

DSL Dutch Sign Language

ECTS European Credit Transfer and Accumulation System
ELP European Language Portfolio

EU European Union

GSL Greek Sign Language

JSON JavaScript Object Notation

LGP Portuguese Sign Language

MT Machine Translation

NLP Natural Language Processing

PHP Hypertext Preprocessor

SL Sign Language

ul User Interface

WebRTC Web Real-Time Communication




CAT S é 102: AUTOMATED SIGN LANGUAGE TEACHING SYSTEM AND SERVICE FOR EUROFPEAN SLs

List of figures

Figure 1 The Moodle architecture and the RecordRTC Plugin .....ccoiiiiiiiiiiiii i e 11
Figure 2 Architecture of the system communication between the plugin and the recognition
L= V=Y 12
Figure 3 Pipeline of the scoring proCedure ... ..o e e 12
Figure 4 The e-learning system web page, accessible at https://cat-sl.hmu.gr/.................. 12

Figure 5 SA1l: The system supports several standard roles (e.g., Administrator, Teacher,
Student, Guest) and has the potential to create additional roles. ........ccciviiiiiiiiiiiciiieiens 14

Figure 6 SA2: The system is also able to create user groups to collaborate, communicate and
share content. These can also accommodate different groups of users attending different
[ol0 11 =] =1 14

Figure 7 SA3: The platform enables users to access resources from external websites. ....... 15

Figure 8 SA4: It is possible to access all administrative tools and functionalities from a single
(=T o =T 15

Figure 9 SA5: System Administrators are able to set quotas on the disk space for individual
users, courses and OrganizZationS. .. v it 16

Figure 10 SA6: The administrator is able to set specific settings for the rights of users based
on user roles, including settings for bandwidth on e-resource access. ........ccveevviiiiiiiiinnnnen. 16

Figure 11 SA7: The administrator is able to monitor visits and other statistics of the platform
(i.e. number of users, Visit period, efC.). i 17

Figure 12 SA8: Event log storage and log analysis functionality for the needs of system
= Lo 1 1 ] o= 10 ] = 17

Figure 13 SA9: The administrator is able to install and maintain the interactivity modules (body
tracking, sign Modeling, aVatar) .. .cciiiiiiiiii e 18

Figure 14 SA10: The following Language packs are available: Greek, Portuguese, Dutch and
=] T | =] o 18

Figure 15 CA1l: Course administrators are able to assign different roles and rights to the
different users, as well as assign access rights to various e-resources within the system....20

Figure 16 CA2: Course administrators are able to produce standard user activity and system
access reports, and create customized reports without the need for additional programming.

................................................................................................................................ 20
Figure 17 CA3: The system disposes of available tools for communication and interaction such
as a calendar, messages and announcements, email service, tasks, and chat. ................... 21

Figure 18 CA4: The system allows the upload of syllabuses that are accessible through
students’ specific @aCCeSS MGhES. . .uiiuii i e 21

Figure 19 CA5: The system allows to create course categories and to search and view training
courses according to specific rights and roles of individual users in the system. ................. 22

Figure 20 CA6: The system allows to integrate and embed images, presentations, and video
000 ) = L 22

Figure 21 CA7: Course administrators are able to set an order for accessing educational
materials with a view to their utilization in a particular sequence............cciiiiiiiiiiciicieenn, 23



CAT S é 102: AUTOMATED SIGN LANGUAGE TEACHING SYSTEM AND SERVICE FOR EUROFPEAN SLs

Figure 22 CAS8: Course administrators are able to define access to different content, depending

on individual performance and student progress. . ..iviiiiiiii i 23
Figure 23 CA9: Course administrators are able to change the course settings and make certain
tools and parts of the course available on a specific date and time. ..., 24
Figure 24 CA10: Course administrators are able to choose what to include on a course backup.
................................................................................................................................ 24
Figure 25 CA11l: Course administrators are able to automatically notify users about new
activities, publications, assignments, examinations, tests, or changes in the course. ......... 25

Figure 26 CA12: Course administrators are able to create groups, to control a group’s
membership by assigning specific rights to users, and to determine what tools are available to
Lol = ] 0 0 0 U 0 25

Figure 27 CA13: Course administrators are able to publish information related to the teacher
=] T I o 1= oo 11 [ == PP 26

Figure 28 CA14: Course administrators can enable online submission of assignments and tests.

Figure 29 CA15: Course administrators can conduct surveys among users in the system. ...27

Figure 30 CA16: Course administrators can enable the self-assessment especially for
INteractive CONEENT IN SL. i e e e e e e e e s e nnernneenes 27

Figure 31 CA17: Course administrators can enable anonymous evaluation of students by the
L= ol 1= 28

Figure 32 CA18: Course administrators can import and export tests and questionnaires.....28

Figure 33 CA19: Course administrators can create a repository of questions (question bank),
allowing for repeated use of the questions in different courses and tests without the need for
=T ol /== | o o P 29

Figure 34 CA20: Course administrators can set different weights for the automatic evaluation
of questions and award partial credit. ... 29

Figure 35 CA21: The system gives the possibility for personal feedback by the teacher or the
system itself by using automated methods. ... 30

Figure 36 CA22: The platform possesses a built-in system for sending and receiving emails
among the course administrator and the students. ........ccoiiiiiiiiiiii 30

Figure 37 CA23: The system is able to import and export courses and supports accepted
L] = [ 1= e 3 31

Figure 38 CA24: The course administrator is able to check the student view of the course
without logging out of the system and logging in as a student or switching from one interface

Lo J= 10 ol 1= o PP 31
Figure 39 CA25: The teacher is able to create a personal portfolio of courses. ................... 32
Figure 40 CA26: The teacher is able to create a reference video displaying the teacher signing.
................................................................................................................................ 32
Figure 41 CM1: The system allows to store and manage any type of multimedia content among
courses where it can be administered, updated and shared. ..........ccocoiiiiiiiiiii 33
Figure 42 CM2: The system allows users to set different access rights to content. .............. 34

Figure 43 CM3: The system allows to track the history of each file or directory from the content
management system, i.e., to check which user accessed it, when and from where. ............ 34



CAT S é 102: AUTOMATED SIGN LANGUAGE TEACHING SYSTEM AND SERVICE FOR EUROFPEAN SLs

Figure 44 CM4: Teachers are able to quickly and easily view and manage all the files related

£ TNEIr COUISES. Lt 35
Figure 45 E1: The assessment can be anonymous Or NOt........ccoeiiiiiiiiiiiii i eeeen 36
Figure 46 E2: It is possible to automatically add marks for homework, examinations, tests, and
other student asSigNMENES. .o e 36
Figure 47 E3: It is possible to generate reports on student progress and analyse the level of
acquisition of various elements from the learning material. ... 37
Figure 48 E4: The system allows import and export of the electronic register in xIs and csv
format for students and teacChers. ..o 37
Figure 49 Human body and hand tracking using the MediaPipe functions (TR1-TR2-TR3)..... 39
Figure 50 Teacher’s and student’s hand landmarks (left and right respectively). Student
correctly matched the sign for ‘a’ (middle checkmark) (TR4) ...coviiiiiiiiiiiii e 39
Figure 51 Total score of a quiz attempt on the e-learning platform (RE1-2). .......ccciivvinnnnnn. 40
Figure 52 Teacher’s and student’s hand landmarks in a real-time color-coded scoring practice
LTS [0 o 41
Figure 53 Scoring for individual keyframes of a longer phrase. ......ccciiiiiiiiiiiiiii i, 41
Figure 54 Bird's-eye view of all the content of CAT-SL ...civiiiiiiii e 42
FIGUre 55 The 3D aValar cioviiiiiii i e e e e et e ettt e e aae s 43
Figure 56 Configuration of an avatar Sign .......oviiiiii e 45
Figure 57 Configuration Of @XpPreSSiONS. ...t s e aaeaaens 46
Figure 58 Workflow of the avatar ......cviriiiiii e aennens 47
Figure 59 Playback of the avatar in various ContextS......cooiviiiiiiiiiiii e 47
Figure 60 Evaluation FOrm (Platform) ....c.oovieiiiiii e e e 50
Figure 61 Evaluation FOrm (UL ..uiiiiiiiii i i i i et ettt e et et e e st e aae e aaeaaae s 51
Figure 62 Evaluation FOrm (Value) .....cciiiiiiiiiiiiiii ettt e e e e aens 51
List of Tables

Table 1: The system administrator fUNCLiONS......cviiii i e 13
Table 2: The course administration fUNCLIONS. ... ..o e 20
Table 3 The content management fUNCLIONS. ... ..o e 33
Table 4: The evaluation functionalities. ... ... e 35
Table 5 The Body tracking fUNCLIONS. ..o e eens 39
Table 6 List of avatar fFUNCLIONS ......ouiiiii e 43



CAT S é 102: AUTOMATED SIGN LANGUAGE TEACHING SYSTEM AND SERVICE FOR EUROFPEAN SLs

1. Introduction

Many educators need to receive appropriate training in Sign Languages, the native languages
of the Deaf, so that they can communicate with deaf students and to teach them how to
develop linguistically. Sign Languages in the curricula of Primary Education University
Departments or Departments dealing with Special Education are very useful and contribute
towards this goal. However, it is hard for Higher Education Institutes to find and employ tutors
as experts in Sign Language, so many educators are not adequately trained as students to
face the challenges of communicating with deaf children in the classroom. Similar
considerations apply for teachers of SLs in special education schools.

Here we present the CAT-SL Automated Sign Language Teaching System for European SLs.
The system implements a server-based learning service. A stand-alone system is available as
well for experimentation with the signing, independently of the course pipeline. It is the first
such service that we know of for learners of SLs, that combines computer vision, machine
learning and feedback mechanisms for EU SLs and especially for Greek, Dutch and Portuguese.
The development was based on the open-source platform of Moodle [Moodle].

Our development was based on the analysis of the requirements as they were captured in the
O1: Analysis of Sign Language Teaching Methods and Challenges for an Automated Teaching
System. One-by-one the user requirements were mapped to design and implementation. The
design implementations were mapped to software modules. Afterwards, the software modules
were integrated into the system to offer an educational service for learning SLs. The user is
able to access the full service by connecting a color web camera.

The system is expected to facilitate the teaching process of SL courses in Higher Education
institutes, in special education schools, but also to help individuals interested in learning or
mastering their SL skills. Today it is almost impossible to find a tutor in a SL different from
the official local SL, however this can be partially handled by CAT-SL, since it is able to cover
multiple languages. In the long term, this is expected to narrow the communication and
cultural gap with the Deaf community and contribute towards a more inclusive society. The
approach can be extended to more SLs in the EU and globally.

The service was implemented for a small number of languages (Dutch, Greek, Portuguese).
However, the same methodology is applicable to several more languages in Europe and
beyond. This can be achieved by focusing on a common approach, without making our
approach dependable on a specific language. Furthermore, through the CAT-SL paradigm it
is possible to author more courses in various educational levels and for various proficiency
levels in each SL.

The document is structured as follows: Following the introduction, we explain the
methodology we used in developing the CAT-SL Automated Sign Language Teaching System.
This includes an overview of the modular design approach, the roles of each project partner,
and the key technologies used. The next section provides a detailed breakdown of the
functional and non-functional implementations of the system. We also offer a comprehensive
description of the system's features and capabilities, including system administration, content
management, and evaluation. We then discuss the specifics of our sign recognition
technology, discussing how we use machine learning and computer vision to analyze and
score sign language movements.

Next, we provide a detailed overview of the use cases of the CAT-SL system, illustrating how
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the platform can be used by different user roles. We then discuss our stand-alone practice
application and go into detail on how we utilize the VirtualSign avatar for visual feedback.

Finally, we discuss the evaluation of our system. We provide insights into the functionality
and user-friendliness, robustness, assessment of learning effects, type of feedback provided
to students, and how CAT-SL can be used by Deaf users. We conclude with a summary of our
findings and suggestions for future steps.

2. Methodology

The methodology follows a modular development and integration approach, which was
coordinated among the project partners. The project employs a server-client architecture,
where the Moodle platform serves as the client, and dedicated servers process video inputs
for hand sign recognition. The project tasks span four main areas: Moodle module
development, video processing, gesture scoring, and content creation.

The contributions of the partners can be summarized as follows: UPATRAS focused on hand
and body tracking methods to identify and classify hand and body gestures. CUT developed
machine learning algorithms for understanding sign languages. IPP contributed an avatar for
sign language using Unity3D. The HMU worked on the overall service application and user
interface, integrated into Moodle using PHP and JavaScript. Kentalis was responsible for user
validation through methods such as surveys and usability testing.

In the development of the CAT-SL Automated Sign Language Teaching System, the first task
was to develop individual modules, with each partner contributing to specific areas of
expertise as detailed above. Following this, all the developed modules were integrated into a
unified educational platform, using Moodle's capabilities for course delivery and student
engagement.

For the backend, the project uses Moodle as the primary Learning Management System,
taking advantage its open-source capabilities and robust community support. The RecordRTC
plugin, developed by HMU, integrates directly into Moodle's Quiz and QuestionType
subsystems. This arrangement enables a seamless interface with the specialized scoring
algorithms hosted on UPAT servers. The choice of Moodle is based on its modular
architecture, scalability, and extensive user base, which make it a reliable platform for our
specialized application.

Once the initial version of the platform was ready, a series of tests were conducted to validate
the recognition and modeling results. These tests ensured that the machine learning
algorithms accurately identified and scored the signs, offering a means of student assessment.
Parallel to that, the validity of the feedback mechanism was also tested to ensure that users
received accurate, near real-time evaluations of their performance.

Next, comprehensive usability tests were conducted to assess the overall service. These tests
tested the system’s intuitiveness and ease of use, employing metrics such as user satisfaction
and task completion rates. The final stage of development involved evaluations by real users
to obtain valuable feedback and insights into any areas requiring improvement.

The methodology employed an iterative approach. After each phase, whether it was module
development, integration, or testing, the system underwent further refinement. This iterative
process allowed for the continual improvement of the platform, making adjustments and
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enhancements based on both quantitative metrics and qualitative feedback.

The recognition part concerns the abilities of machine learning systems to represent and
identify the motions performed by hands or other body parts, in order to facilitate feedback
to the students.

In our solution for sign recognition, we integrate the MediaPipe framework, specifically
leveraging its Hand and Pose modules. These modules constitute an optimized pipeline that
facilitate the detection and tracking of hand and pose motions, both vital for our sign
recognition system.

MediaPipe is a general open-source framework by Google, which serves as a platform for
building and implementing machine learning pipelines. The Hand and Pose modules are part
of this framework and particularly notable for their application in real-time perception tasks.
The Hand module is designed to identify and track 21 hand landmarks across frames in a
video sequence, a crucial task for hand gesture recognition. The Pose module is designed to
estimate body poses, identifying 33 body landmarks including the position of the head,
shoulders, elbows, hips, etc.

In the context of computer vision and machine learning, landmarks refer to specific points of
interest within an image or a sequence of images, such as a video stream. These points are
typically associated with particular anatomical or structural features, such as the corners of
the eyes, the tip of the nose, or joints like elbows and knees in the case of pose landmarks.
By accurately detecting and tracking these landmarks, algorithms can interpret the pose,
movement, and gestures of humans which in turn facilitates motion analysis and gesture
recognition. Landmarks are represented by coordinates of the 3D space (x, y, 2).

Moodle Core

P N

Database User Interface Web Services Authentication Quiz Subsystem QuestionType Subsystem

\;mlls uwslalls mnto

RecordRTC Plugin

Figure 1 The Moodle architecture and the RecordRTC Plugin

The CAT-SL project is integrated into Moodle through the RecordRTC plugin, developed by
the HMU. This plugin ties into Moodle's quiz and questionType subsystems, enabling users to
answer questions via video. Once the video answer is uploaded, a separate API, co-developed
by HMU and UPAT, handles synchronization and grading. This APl compares the student's
answer with a template and updates the Moodle subsystems accordingly. The choice of
Moodle as the backbone for the CAT-SL project stems from its scalability, extensibility, and
strong community support. Its open-source nature ensures flexibility, while its well-
established plugin architecture makes it amenable for custom developments like the
RecordRTC plugin.

The underlying technology of these modules uses advanced machine learning algorithms and
models. The Hand module uses a palm detector followed by a hand landmark model to
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recognize the 21 hand landmarks. The Pose module uses a pose landmark model to identify
the positions and orientations of the 33 body landmarks.

HMU Servers

Moodle

Quiz Subsystem

installs into\updates score

UPAT Servers
RecordRTC Plugin - Scoring Algorithm
\ Y
updates scor% nstalls into w:pdmcs ﬁ;d@ data forjreturns score
QuestionType Subsystem API

Figure 2 Architecture of the system communication between the plugin and the recognition
servers

captures > processes > analyzes > evaluates >

Camera Capture MediaPipe Algorithm Score Moodle

Figure 3 Pipeline of the scoring procedure

cATsLE

Figure 4 The e-learning system web page, accessible at https://cat-sl.hmu.gr/
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3. Functional Implementations

The CAT-SL system contains modules for: System administration, Course administration,
Content management, Evaluation, Body Tracking, Sign Learning & Avatar for visual feedback.

The related modules were developed by the consortium after reviewing the related literature
(i.e., linguistic implementations by each of the involved SLs) and the technical capabilities
offered by state-of-the-art technology. These modules were validated by the users. The
implementations are described in the following by presenting the requirements as defined in
the and the respective menus in the platform.

3.1.  System Administration

The system administration (SA) includes a full range of functions for the management and
configuration of system parameters and attributes, data, users, courses and interactivity
settings. The following basic functions were included, which cover: authentication,
management of rights and roles, user management, import and export of users and resources,
management of language packs and log, etc.

Description Example Use Case

Supports multiple roles like Admin, Teacher

S Student, Guest

' Role-based access control

SA2 Enables creation of user groups for collaboration Study groups, project teams
SA3 Access resources from external websites Embedding YouTube videos
SA4 Single interface for all admin tools Centralized control

SA5 Allows disk space quotas for users and courses  Resource management

SA6 Enables user-specific settings based on roles Bandwidth limitations
SA7 Monitors visits and other usage statistics Analytics
SA8 Provides event log storage and analysis Security audits

SA9 Manages interactivity modules (e.g., body tracking) Module installation

Table 1: The system administrator functions.
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Figure 5 SA1: The system supports several standard roles (e.g., Administrator, Teacher,

Student, Guest) and has the potential
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Figure 6 SA2: The system is also able to create user groups to collaborate, communicate and
share content. These can also accommodate different groups of users attending different

courses.
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Figure 7 SA3: The platform enables users to access resources from external websites.
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Figure 8 SA4: It is possible to access all administrative tools and functionalities from a single
interface.
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size
maxbytes

This specifies a maximum size for files uploaded to the site. This setting is limited
by the PHP settings post_max_size and upload_max_filesize, as well as the
Apache setting LimitRequestBody. In turn, maxbytes limits the range of sizes that
can be chosen at course or activity level. If 'Site upload limit' is chosen, the
maximum size allowed by the server will be used.

Figure 10 SA6: The administrator is able to set specific settings for the rights of users based
on user roles, including settings for bandwidth on e-resource access.
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@ Dashboard
# Site home
B Calendar

[ Private files
& Content bank

# Site administration

x 3 E-mail : dkosmo@upatras.gr A ® Admin Cat
Dashboard / Site administration / Reports / Logs Data are hidden due 10 Privacy reasons
CatSL (Site) = | All day: 4+ | Allactivities #
Allactions % | Allsources ¢ | All events
9 10 . 162  »

User full Affected P
user Component Event name  Description Qrigin address
15 September  Admin Cat-sl Usg#/Admin Cat-sl System Dashboard The user with id "2' has viewed their web
2023, 10:03 AM viewed dashboard
15 September  Admin Cat-sl Front page Statistics Statistics The user with id "2' viewed the statistics report web
2023, 10:03 AM report viewed  for the course with id '1",
15 September  Admin Cat-sl User: Admin Cat-sl System Dashboard The user with id "2" has viewed their web
2023, 10:02 AM viewed dashboard
15 September ~ Admin Cat-sl System System User has The user with id 2" has logged in. web
2023, 10:02 AM logged in
15 September - Front page System Course The user with id 0" viewed the course with id ~ web
2023, 10:02 AM viewed BB
15 September - Front page System Course The user with id 0" viewed the course with id ~ web
2023, 9:59 AM viewed "
15 September ~ Admin Cat-s| Quiz: Quiz - apiBoi Quiz Quiz attempt  The user with id '2" has had their attempt with web
2023, 9:02 AM reviewed id *145' reviewed by the user with id ‘60" for
the quiz with course module id '63".
15 September  Admin Cat-sl Quiz: Quiz - apiBpol Quiz Quiz attempt  The user with id ‘2" has had their attempt with  web
2023, 9:00 AM reviewed id 162" reviewed by the user with id '80" for

the quiz with course module id '63".

Figure 11 SA7: The administrator is able to monitor visits and other statistics of the platform
(i.e. number of users, visit period, etc.).

X 4 E-mail : dkosmo@upatras.gr

oard

2 files

nt bank

Iministration

Name Reports supported Version Enable Up/Down Settings Uninstall
Standard Logs, Live logs, Activity 2020110900 @& Settings Uninstall
log report, Course

participation, Statistics

External Logs, Live logs 2020110900 @ Settings Uninstall
database log

Legacy Logs, Live logs, Activity 2020110900 @ Settings Uninstall
log report, Course
participation, Statistics

Please enable all required plugins and arrange them in appropriate order.
Changes in table above are saved automatically.

Standard log

Log guest access Default: Yes
logstore_standard | logguests

This setting enables logging of actions by guest account and not logged in users.
High profile sites may want to disable this logging for performance reasons. It is
recommended to keep this setting enabled on production sites.

JSON format Default: Yes

logstore_standard | jsonformat
Use standard JSON format instead of PHP serialised data in the 'other' database
field.

Figure 12 SA8: Event log storage and log analysis functionality for the needs of system

administrators.
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x E-mail : dkosmo@upatras.gr

oard <4 Numerical 2020110900 Enabled Required by: qtype_cal
qtype_numerical qtype_calculatedmulti,

qtype_calculatedsimple

yme
qtype_multianswer
far . :
& Random 2020110900 Enabled Uninstall
qtype_random
s files
7t Random short-answer 2020110900 Enabled Uninstall
1t bank matching
qtype_randomsamatch
Iministration
@ Record audio/video 1.4 for Enabled Settings
qtype_recordrtc Moodle 3.9+ /'
block 2021070200
= Short answer 2020110900 Enabled Required by: qtype_mu
qtype_shortanswer qtype_randomsamatch
«+ True/False 2020110900 Enabled Uninstall

qtype_truefalse

Question behaviours &

Adaptive mode 2020110900 Enabled Required by:
gbehaviour_adaptive gbehaviour_adaptivenc
Adaptive mode (no penalties) 2020110900 Enabled Uninstall

gbehaviour_adaptivenopenalty

Figure 13 SA9: The administrator is able to install and maintain the interactivity modules
(body tracking, sign modeling, avatar).

CAT SL{S "

Nederlands (nl)

UNIVERSITY OF 4 4, HELLENIC e Cyprus I Portugués - Portugal (pt)
PATRAS ¢ % MEDITERRANEAN ][ University of EAAvika (el)
e 0 Technology Lo
Figure 14 SA10: The following Language packs are available: Greek, Portuguese, Dutch and
English.

3.2. Course Administrator

Course administration (CA) provides tools for synchronous and asynchronous e-learning,
creating, editing, saving and deleting e-learning courses, encouraging student participation
in the learning process and ensuring better interactivity within the teaching process. It also
provides an opportunity to test, assess and oversee the student’s performance. It also gives
the opportunity for self-assessment.

Description Example Use Case
CA1  Assign roles and rights to users User permission settings
CA2  Generate standard and custom reports Tracking user activity




I3
CAT SL &

CA3
CA4
CA5
CA6

CA7

CAS8

CA9

CA10
CA11
CA12
CA13
CA14
CA15
CA16
CA17
CA18

CA19

CA20

CA21

CA22

CA23

CA24
CA25
CA26

Description Example Use Case
Tools for communication and interaction Calendar, email, chat
Upload syllabuses with specific access rights Course outline access
Create and categorize courses Course organization
Embed media content Multimedia lessons

Set sequence for accessing educational

materials Structured learning path

Customize content access based o

performance n Adaptive learning

Time-based availability of course settings ~ Scheduling

Choose what to include in course backup Data backup

Automatic notifications for activities Update alerts

Control group memberships and tools Collaborative learning

Publish course-related info Transparency

Enable online submissions Assignment submission

Conduct user surveys Feedback collection

Enable self-assessment options Interactive self-tests

Enable anonymous evaluations Bias-free assessment

Import/export tests and questionnaires Reusability

Create question repositories Efficient question
management

Set weights for automatic evaluation Grading customization

Automated or teacher-

Personal feedback methods provided feedback
Built-in email system Direct communication

. Cross-platform
Import/export courses with standard support compatibility
Preview student view without logging out  Interface testing
Create personal portfolio of courses Teaching record

Create a reference body motion Motion-based learning

102: AUTOMATED SIGN LANGUAGE TEACHING SYSTEM AND SERVICE FOR EUROFPEAN SLs
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Table 2: The course administration functions.

User policies

wd
Role for visitors
notioggedinroleid
e
r
les
bank Role for guest
questroleid
linistration

Default role for all users
faultusermroleid

Creators' role in new

courses
ewroleid

Figure 15 CA1: Course administrators
different users, as well as assign access rights to various e-resources within the system.

Slte aaministration

Reports

Guest (guest) ¢ |Default: Guest (guest)

Users who are not logged in to the site will be treated as if they have this role
granted to them at the site context. Guest is almost always what you want here,
but you might want to create roles that are less or more restrictive. Things like
creating posts still require the user to log in properly.

Guest (guest) $ | Default: Guest (guest)
This role is automatically assigned to the guest user. It is also temporarily assigned
fo not enrolled users that enter the course via guest enrolment plugin
Authenticated user (user) % |Default: Authenticated user (user)
All logged in users will be given the capabilities of the role you specify here, at the
site level, in ADDITION to any other roles they may have been given. The default is
the Authenticated user role. Note that this will not conflict with other roles they have
unless you prohibit capabilities, it just ensures that all users have capabilities that

are not assignable at the course level (eg post blog entries, manage own calendar,
etc)

Teacher (editingteacher) ¢ |Default: Teacher (editingteacher)

If the user does not already have the permission to manage the new course, the
user is automatically enrolled using this role.

are able to assign different roles and rights to the

Search

Reports

Figure 16 CA2: Course administrators are able to produce standard user activity and system
access reports, and create customized reports without the need for additional programming.
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@ Dashboard

July 2023

Wed Thu Fr Sat  Sun

5
12
19
26

A
3 7 8 [}
13 14 15 16
20 21 22 23
27 28 28 30

Figure 17 CA3: The system disposes of available tools for communication and interaction
such as a calendar, messages and announcements, email service, tasks, and chat.

Add an activity or resource

Search

All Activities

<l
Assignment

w O

o

External tool

i O

SCORM
package

v O

Resources

©o

BigBlueButton
w O

<l
Feedback
Ww e

I

Book

w O

13

File
w O

&/ &

IMS content
package

T O

ol

Survey
v O

Label

g

o

a)

URL

T

i

@

Chat
w O

==

Folder
w O

e

Lesson

v O

e

Wiki
v O

N d

@
Choice

w @

=

Forum

w O

2

Page
T O

o

Workshop
wr 0@

Database

w O

AuE

Glossary
w O

v/

Quiz

w O

Figure 18 CA4: The system allows the upload of syllabuses that are accessible through
students’ specific access rights.
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Course and category management

a

Course categories
Create new category

] Educationa ® &~ 37

Sorting Selected categories *

Move selected ‘
categories to e |

Figure 19 CAS: The system allows to create course categories and to search and view training
courses according to specific rights and roles of individual users in the system.

Collapse all

Editing chapter

Chapter title (1] Alfabeto Gestual Portugués
Subchapter (Only available once the first chapter has been created)
Content o 1 A B I = E=E = = %

©[E|@‘!'.‘®H-'PJQ%XZJ¢2

O alfabeto gestual Portugués.
Repita os padrées como apresentados nas subsegées abaixo.

Pratique os gestos m as maos varias vezes.

Tags

Figure 20 CA6: The system allows to integrate and embed images, presentations, and video

content.
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Computer Assisted Teaching Of Sign Language - Portuguese

Dashboard / Courses / CATSL-PL / 1°curso / Unidades 1-6 Turn editing off
. - Table of contents
Unidades 1-6 “
S

1. Alfabeto Gestual Porth... ¥ |# @ @ +

4 1.1.AE r¥e D@+

12.F-J + Ve D@+

N 13.K-0 +vD e+

1. Alfabeto Gestual Portugués 14.P-T +YjaE e+

O alfabeto gestual portugués. s WS LTED 6

2. Nimeros AV D e+

Repita os padrbes como apresentados nas subsegfes abaixo. 21.1-9 rVve D e+

3. Familia AV D@+

Pratique os gestos com as mios varias vezes. 3.1. Pais e filhos Al @ @ +
> ‘Change material order : Up / Down

Figure 21 CA7: Course administrators are able to set an order for accessing educational
materials with a view to their utilization in a particular sequence.

Add restriction...

Require students to
complete (or not complete)
another activity.

Activity completion

Prevent access until (or
from) a specified date and
time.

Require students to achieve
a specified grade.

Grade

Control access based on
fields within the student's
profile.

User profile

Add a set of nested
restrictions to apply
complex logic.

Restriction set

Cancel

Figure 22 CA8: Course administrators are able to define access to different content,
depending on individual performance and student progress.
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Add restriction...

Require students to
complete (or not complete)
another activity.

Prevent access until (or
from) a specified date and
time.

Activity completion

Require students to achieve
a specified grade.

Grade

Control access based on
fields within the student's
profile.

User profile

Add a set of nested
restrictions to apply
complex logic.

Restriction set

Cancel

Figure 23 CA9: Course administrators are able to change the course settings and make certain
tools and parts of the course available on a specific date and time.

Backup settings

O IMS Common Cartridge 1.1
Include enrolled users

[ Anonymize user information
Include user role assignments
Include activities and resources
Include blocks

Include files

Include filters

Include comments

Include badges

Include calendar events

Figure 24 CA10: Course administrators are able to choose what to include on a course backup.
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X = E-mai: dkosmo@upatras.gr & ® Admin Cat-sl - -
Assignment Online Offine  Online Offine  Online Offline
sfiboerd 7 o 2 2 0 @
+home Assignment notifications off a a
endar
Feedback Online Offline  Online Offine  Online Offline

rate files

Feedback notifications ﬂ a

tent bank
Feedback reminder m m Off
» administration
1ablock Forum Online Offline  Online Offine  Online Offline

Subscribed forum posts off ﬂ a On a
Subscribed forum digests off ﬂ ﬂ off

Lesson Online Offline  Online Offine  Online Offline
Lesson essay graded notification ﬂ a On m
Quiz Online Offline  Online Offline  Online Offline

Notification of quiz submissions a a

Figure 25 CA11: Course administrators are able to automatically notify users about new
activities, publications, assignments, examinations, tests, or changes in the course.

m Participants & -
&+ Enrolled users

Enrolment methods

s
Manual enrolments
AASNGIES Self enrolment (Student)
Match | Any # Select v
. & Groups
3
. Permissions
+ Add condition
al @ Check permissions
64 participants found &+ Other users
Inua
First name
Inua JI'M A B C/D E/F G HIIl JIKIL MINIOPIQ RISITIUIV WIXI|Y! Z

Figure 26 CA12: Course administrators are able to create groups, to control a group’s
membership by assigning specific rights to users, and to determine what tools are available

to certain groups.
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4 E-mail : dkosmo@upatras.gr A ® Admin Cat-sl 7
Course full name 00 Computer Assisted Teaching Of Sign Language - GREEK
R
" Course short name @ ©  CATSLGR
Course category (2]
icies
Search v
Course visibility [ Show &
! Course start date @ (1 ‘ January % H 2022¢ || 224 (| 00s%
|
Course end date 9 | . ‘ August % ‘ 20234 || 10 || 51¢ OEnable
d L
Course |D number e
w Description
5
ank Cowse summery @ 1 A B I EE=E=E % % © B ¢ m A wr
U5 x x
Jistration S B Bl B
l

Figure 27 CA13: Course administrators are able to publish information related to the teacher
and the course.

x B4 E-mail : dkosmo@upatras.gr A ® Admin Cat—sl& v
. Remind me to grade by © ‘ 128 ‘ September ‘ 2023+ || 00¢ || 00 |fh BEnadle
SL-GR
icipants Always show description e
ges
( ~ Submission types R

Jpetencies

Submission types [ Online texta File submissionso
des
reral

Maximum number of uploaded @ 20 ¢
1a8nua . -

Maximum submission size 9 Site upload limit (2MB) *
hboard

Accepted file types 7] m No selection
home L )
:ndar » Feedback types
ata files » Submission settings
ttent bank

» Group submission settings

Figure 28 CA14: Course administrators can enable online submission of assignments and
tests.

26




I3
CAT SL &

3L-GR
sipants
es
Jetencies
es

wal

1Bnpa

board
wome
dar

te files
2nt bank

administration

102: AUTOMATED SIGN LANGUAGE TEACHING SYSTEM AND SERVICE FOR EUROFPEAN SLs

Adding a new

Name

Survey type

Description

Survey 1o

]
-
4
=
—
m

Figure 29 CA15: Course administrators can conduct surveys among users in the system.

SL-GR

icipants

ges

petencies

jes

eral

aenua

hboard

home

:ndar

ate files

tent bank

administration

No recording

Start camera

Figure 30 CA16: Course

interactive content in SL.

administrators can enable the self-assessment especially for
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v Grade

Grade category (2] Uncategorised %
Grade to pass © 000

Attempts allowed Unlimited #
Grading method © | Highestgrade #

Figure 31 CA17: Course administrators can enable anonymous evaluation of students by the
teacher.

x E4 E-mail : dkosmo@upatras.gr A ® Admin {

iR

\ Questions Categories Import Export
s

Export questions to filee

ncies

~ File format
© O Aiken format o
“ OGIFT format ¢
“ O Moodle XML format )
rd
O XHTML format @

~ General

es Export category © Default for CATSL-GR (13) .

yank
Write category to filef@ Write context to file

inistration

Figure 32 CA18: Course administrators can import and export tests and questionnaires.
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¥ 3 E-mail : dkosmo@upatras.gr A ® Admin Cat-sl -

-GR Questions Categories Import Export
ants Question bank
Select a category Default for CATSL-GR (13) =

The default category for questions shared in context 'CATSL-GR'

tencies
No tag filters applied
Filter by tags... v
il
[ Show guestion text in the question list
nua Search options «
Also show guestions from subcategories
Nka O Also show old questions
Jard Create a new question ...
T* Question Actions  Created by Last modified by
me D Question name / ID number First name / Sumame | Date First name / Sumame / Date
O - Admin Cat-sl Admin Cat-sl
ar O a1 Edit 22 March 2022, 9:15 AM 22 March 2022, 9:16 AM
[ Konstantinos Konstantinopoulos Konstantinos Konstantinopoulos
O test father Edit 31 May 2022, 11:00 AM 31 May 2022, 11:16 AM
e . " Admin Cat-sl Admin Cat-sl
fles i amoxaipeTianse Edit ™ 23 January 2022, 7:10 AM 17 February 2022, 12:54 PM
- Admin Cat-sl Admin Cat-sl
Oy real Edit 22 January 2022, 7:11 AM 17 February 2022, 12:54 PM
tbank O Asutépa Edit = Kostas B Kostas B
] UTEDH a 24 November 2022, 10:10 AM 24 November 2022, 10:12 AM
7 5 o Admin Cat-sl Admin Cat-sl
ministration U@ Awokedaiw Edit 22 January 2022, 7:16 AM 17 February 2022, 12:54 PM
- Kostas B Kostas B
O/ Mnrépa il 9 Julv 2023. 6:08 PM 9 Julv 2023. 6:09 PM

Figure 33 CA19: Course administrators can create a repository of questions (question bank),
allowing for repeated use of the questions in different courses and tests without the need for
recreation.

Question text o 1 A~ B I =

P N O @ B & WP ke

» 0:00/0:02

[Default mark o 1 ]

General feedback e 1 A B I =

% N © @ B ¢ W P kr

Figure 34 CA20: Course administrators can set different weights for the automatic evaluation
of questions and award partial credit.
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General feedback 1 A~ B I == % | © @ B & ™ P Hp

ID number apoxairetisr
Maximum recording duration 30 seconds =
Tags

Figure 35 CA21: The system gives the possibility for personal feedback by the teacher or the
system itself by using automated methods.

= MAPIA No 6 days 20 3“

@ mariatzanopoulou@hotmail.com Student ¢ e )
TZANOIMOYAOY groups hours i
/“ BaoiAng Staff N 49 d [ Active |

w vfasoulas@staff.hmu.gr Student ¢ ° S o n
®acouldg groups 17 hours

BaoiAsio N 1 year 85 [Acvn)

3 ; . vfasoulas@helioaiolis.gr Student ¢* o year e o

®aoouAdg groups days pu

Show 20 per page
Show 20 per page

With selected users... v Choose...

\ ( Sel

Add a new note

Comma separated values (.csv)

Microsoft Excel (.xIsx)

HTML table

Javascript Object Notation (.json)

OpenDocument (.ods)

Portable Document Format (.pdf)
Manual enrolments

Edit selected user enrolments

Delete selected user enrolments
HENIB I NIERIIS:  Self enrolment
Edit selected user enrolments
Delete selected user enrolments

Figure 36 CA22: The platform possesses a built-in system for sending and receiving emails
among the course administrator and the students.
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CAT Sl_{f

Computer Assisted Teaching Of Sign Language - GREEK -

Jashboard [/ Cc

+ ¥ Avakovuaeig & Edit ~

4 ¥ Q&AForum ¢ Edit + @

o]l

CATSL-GR

4 1o pdbnua ¢

£ Edit settings

£ Course completion
Y Filters

£ Gradebook setup

Course comple
status [ Backup

1 Restore

No completion crit
€7 Copy course
€ Reset
£ More...

Figure 37 CA23: The system is able to import and export courses and supports accepted

standards.

Switch role to...

Choose a rale to get an idea of how someone with that role will see this course

Please note that this view may not be perfect (See details and alternatives).

Manager

Course creator
Teacher
Non-editing teacher
Student

Guest
Authenticated user

Authenticated user on frontpage

Figure 38 CA24: The course administrator is able to check the student view of the course
without logging out of the system and logging in as a student or switching from one interface

to another.
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@ Dashboard

£3 Calendar

3 Private files

& Content bank *
/& Site administration

Add a block

eachar

Figure 39 CA25: The teacher is able to create a personal portfolio of courses.

4 \
Not yet
answered
Marked out of
1.00
V Flag
question

J

No recording

Start camera

Figure 40 CA26: The teacher is able to create a reference video displaying the teacher
signing.
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3.3.  Content Management

Content management (CM) implementations address the learning content of all users on the
platform in order to facilitate work with the learning material.

Description Example Use Case
CMA1 Store and manage any multimedia Course material
content organization

CM2 Set different access rights to content  Privacy settings
CM3 Track history of each file or directory  Auditing

CM4 Easily view and manage course-related Teacher's

files administrative tasks
Table 3 The content management functions.
All Activifies Resource
| 7 [57) E3
& b I @ -
g = ® &=
Assignment BigBlueBuiton Book Chat Choice Database
w O w 6 w O w O w 6 w O
R B = @
£ t | - =
External too Feedback File Folder Forum Clossary
w O v O w O w O w O w O
&Sy fasi
- & B v/
IMS content
H5P package Label Lesson Page Quiz
w O w O v O w O v O w O

SCORM
package Survey URL Wiki Workshop
t 0 0 0 v 0 0

Figure 41 CM1: The system allows to store and manage any type of multimedia content
among courses where it can be administered, updated and shared.
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Edit ~
Edit setiings
Move right
Hide
Duplicate

Assign roles

Q0 Vv &

Delete

Assign roles in Book: Evotnrec 1-3e
Please choose a role to assign

Descripfion Users with role
Teacher 0
Non-edifing teacher 0
Student 0

Figure 42 CM2: The system allows users to set different access rights to content.

Computer Assisted Teaching Of Sign Language - GREEK 2 | Al porficiponts * I All days : J All activities s

All actions ¢ I All sources I Alevents ¢ |@

4
Time User full name Affected user Component Event name Description Origin address
5 September Manos Vosiiakis System Course viewed The user with id '8’ viewed the course with id 12, web :
2023, 10:30 PM
5 September Manos Vasliakis System Course module The user with id '8' updated the ‘quiz’ activity with course web :
2023, 10:29 PM updated module Id 63"
5 September Manos Vasilokis - Quiz: Quiz - apiBpoi System Course module The user with id '8’ updated the ‘quiz’ activity with course web :
2023, 10:29 PM updated module id 63",
5 September Manos Vasliokls - Quiz: Quiz - oPIBUO System Course mc The user with id '8’ updated the ‘quiz’ activity with course web :
2023, 10:29 PM update module id ‘63"
5 September Manos Vasilakis - - System Course module The user with id ‘8’ updated the ‘quiz' activity with course web E
2023, 10:29 PM updated module Id 63",
5 September Manos Vasilakis - L System Course madule The user with id '8’ updated the ‘quiz’ activity with course web :
2023, 10:29 PM updated module id 63"
5 September Manos Vosliakis - Quiz: Quiz - apiBpo! System Course module The user with Id '8' updated the ‘quiz’ activity with course web D
2023, 10:29 PM updated module id '63".
5 September Manos Vasiiakis - Quiz: Quiz - apiBpo System Course module The user with id '8’ updated the ‘quiz’ activity with course web D
2023, 10:29 PM module Id 63",
5Sepfember  Manos Vasiokis z Quiz: Quiz - apiBloH System The user with id 8" updated the ‘quiz activity with course web :
2023, 10:29 PM module id 63",
5 September Manos Vosliakis 2 - opiBpo System The user with id '8’ updated the ‘quiz' activity with course web :
2023, 10:29 PM module id ‘63

Figure 43 CM3: The system allows to track the history of each file or directory from the
content management system, i.e., to check which user accessed it, when and from where.
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Computer Assisted Teaching Of Sign Language - GREEK

+ v G PIBp0I ¢
+ o Q s
+ v Q s

X

Figure 44 CM4: Teachers are able to quickly and easily view and manage all the files related

to their courses.

3.4. Evaluation

The evaluation part (E) concerns the means for evaluating the students who have already
taken a course and the respective evaluation test.

E1

E2

E3

E4

Description Example Use Case
Assessment anonymity Confidential grading

Automatic marking for

assignments Streamlining grading

Generate reports on student Monitoring educational
progress outcomes

Import and export electronic  Data sharing with external
registers systems

Table 4: The evaluation functionalities.
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v Grade

Grade (7]
Type Point #
Maximum grade

100

Grading method @ Simple direct grading #

Grade category @ Uncategorised #

Grade to pass (2]

Anonymous submissions (2] Yes ¢

Hide grader identity from students (7] No %

Use marking workflow @ No #

Figure 45 E1: The assessment can be anonymous or not.
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Figure 46 E2: It is possible to automatically add marks for homework, examinations, tests,
and other student assignments.
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General

@ Forum: AvOKOIVWOEIG

No posts

& Forum: Q & A Forum

No posts

10 pabnua
lE Book: Evornreg 1-3
9 views - most recently Tuesday, 29 August 2023, 8:41 AM

¥ Quiz: Quiz - apiBuoi
Grade: -
Attempt 1: In progress

¥ Quiz: Quiz - nuépeg

Grade: -

No attempts have been made on this quiz
¥ Quiz: Quiz - oikoyévela

Grade: -
No attempts have been made on this quiz

Figure 47 E3: It is possible to generate reports on student progress and analyse the level of
acquisition of various elements from the learning material.

X = E-mail: dkosmo@upatras.gr A ® Admin Csldl&

* Users in list
@ Dashboard

Users (7] No users selected
# Site home
B8 Calendar
[ Private files
Usemames are hidden due 1o privacy reasons
& Content bank

# Site administration

0 Add a block

Selected user list. 7] Add to selection Remove from selection

With selected users... + Choose...

Confirm

Send a message
Delete

Display on page

Force password change
Add to cohort

Figure 48 E4: The system allows import and export of the electronic register in xIs and csv
format for students and teachers.
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3.4.1. Type of feedback of CAT-SL to students

The CAT-SL system provides various forms of feedback depending on the type of question
asked to the student. In a multiple choice question (e.g. indicate the correct written answer
out of a number of given options when a sign video has been presented) could be a simple
correct/incorrect feedback, after which a student would be given feedback on what the correct
answer should have been in case of an incorrect answer being given.

When asked to imitate a sign that has been presented in the quiz, record and upload the sign
video made by the student, CAT-SL returns the uploaded video next to the given target video,
with an indication on how successful the student’s production has been expressed in
percentage correct. The time it takes to upload a video recording and waiting for the system
to process it and returning the analysed video was considered to be acceptable.

3.4.2. Assessment of learning effects
Evaluating CAT-SL in a field trial was, unfortunately, beyond the scope of this project.

However, plans have been developed to test the contribution of CAT-SL on the improvement
of sign language skills on a representative number of SL-learners and compare results
obtained in a control group of sign language learners, who follow sign language classes
presented in the traditional way (i.e. without CAT-SL).

To this end randomly selected sign language learners will be given the opportunity to use the
CAT-SL system in addition to the regular sign language learning curriculum. The number of
times that they will use CAT-SL will be logged, questions will be asked about the user-
friendliness of the system, response times, and individual learning curves will be established.

For the control group that will follow the standard curriculum without CAT-SL learning
progress curves will also be measured.

In addition teachers will be asked to judge the Ul of CAT-SL, focussing on the flexibility of the
system, uploading video files and general response times and the ease with which new
exercises can be created.

3.5. Body Tracking

The body tracking system (TR) concentrates on identifying the pose of the human parts in
each frame acquired by the camera viewing the student. The respective implementations are
provided in the following.

Description Example Use Case

The system is able to track both hands in such a
TR1 way that the hand-shape and hand orientation Student feedback
could be extracted unambiguously.

The system is able to track the face so that the
TR2 most common non-manual markers could be Student feedback

extracted unambiguously.
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Description Example Use Case

Motion elements like arm motion, head motion,

body motion can be extracted. Student feedback

TR3

Deviations from ground-truth motions can be

dentified. Student feedback

TR4

TR5 The motion can be calcu.lated.m about 10 seconds Student feedback
for small or medium-size sentences.

Table 5 The Body tracking functions.
We implemented all the above functions using the MediaPipe [MediaPipe] library in Python,

which is dedicated to human body and hand tracking. In Figure 49 we present a visual
example to verify TR1-3.

Figure 49 Human body and hand tracking using the MediaPipe functions (TR1-TR2-TR3)

Cat-SL Sign Language Teaching Tool

Figure 50 Teacher's and student’s hand landmarks (left and right respectively). Student
correctly matched the sign for ‘a’ (middle checkmark) (TR4)
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In Figure 50 we present the teacher and student configuration in a form that renders them
comparable, so that it is easy to tell the deviations for feedback to the student.

Finally, we have measured the feedback duration for complete signing of short sentences. It
is indeed a few seconds in the framework of the e-learning system. It is almost realtime for
the stand-alone system, while it is real-time for handshape configurations. That satisfies TR5.

Computer Assisted Teaching Of Sign Language - GREEK

Dashboard / My courses / CATSL-GR / 1opdénua / Kould apiBpwv / Preview

Started on Thursday, 12 January 2023, 9:01 AM Quiz navigation
State Finished

Completed on Thursday, 12 January 2023, 9:02 AM 2 3
) B
Time taken 38 secs

Marks 1.66/3.00

Grade 5.53 out of 10.00 (55%)

Finish review
Start a new preview
1
. |

Al

Summary of your previous attempts

1 Never submitted Not yet graded Not yet graded Review

Preview Finished I 1.66 5.53 Review
Submitted Thursday, 12 January 2023, 9:02 AM

Highest grade: 5.53 / 10.00.

Figure 51 Total score of a quiz attempt on the e-learning platform (RE1-2).

3.6.  Sign recognition
The requirements for sign recognition as defined in 101 are:
RE1: The system is able to tell if the identified motion corresponds to the desired glosses
RE2: The system is able to tell if the identified motion corresponds to the desired punctuation.

Our method uses the hand and body landmarks as a blueprint for comparing and scoring the
student’s signing against the teacher’s. Our method includes custom algorithms that evaluate
how closely the student's signing matches that of the teacher. This involves a scoring system
that takes into account various factors such as the positioning of the hands, the orientation
of the body, and the sequence of movements. This is a very complex task, as we also have to
consider variables like lighting conditions, the shape and size of different hands, and the
angle at which the signs are performed. Given these complexities, our algorithms are designed
to be robust. They can accurately determine how 'acceptable’ or close the student's signing
is to the teacher's. This is crucial for providing constructive feedback to the student, helping
them improve their signing skills over time. To make the process more understandable, we
offer visual aids that show the matching and scoring procedure. Example is given in Figure
51.

For longer phrases or sentences in sign language, our method doesn't analyze every single

40
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frame of the video. Instead, it focuses on a selected number of "keyframes." These are frames
that our algorithms identify as the most important for the phrase being signed. Transitional
movements and pauses, although part of the natural flow of signing, are not as crucial for
conveying the core message. This gives an accurate representation of the matching of the
entire phrase. This approach to using keyframes ensures that the matching and scoring are
focused on what truly matters in sign language communication. It allows us to provide more
meaningful and targeted feedback to the student, helping them understand which aspects of
their signing need improvement and which are already well-executed.

In addition to our e-learning platform, we also created a stand-alone application specifically
designed for individual practice of signs. This application uses real-time color-coded scoring
for each hand shape, allowing the user to refine their technique with immediate feedback. The
scoring system used in the stand-alone app mirrors that of our main platform, allowing easier
practice of signs before attempting actual sign language phrases. The idea is to provide a
'training ground' where users can hone their skills before tackling more complex sentences
and expressions in sign language. This immediate, color-coded feedback is very useful for
users to understand their strengths and areas for improvement in real-time, making the
learning process more effective and engaging (Figure 52, Figure 53).

Figure 52 Teacher's and student’s hand landmarks in a real-time color-coded scoring practice
session.

Score and Feedback

Al Ll

100% 100% 90% 83% 100% 100%

6 6 6 6 06 6©

Figure 53 Scoring for individual keyframes of a longer phrase.
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This standalone application is available at https://catsl.eelvex.net/. In addition to this, it
features a comprehensive overview of the main platform's resources, presenting a bird's-eye
view that allows users to navigate and select content easily. Furthermore, the application
includes a practice mode that replicates the main platform's environment, ensuring a
consistent training experience. This interplay between both platforms enables users to
transition smoothly from isolated practice to full sentence constructions within the main
system, reinforcing learning and skill acquisition.

Learn SL Practice Signs SL Contents * CAT-SL Home About

TOC of Courses

AAgadfnTto

CAT SL,‘(‘S CAT SL{f CAT Sl_é cAT SL% CcAT 5|_%Eé

A B r A = Z H

CAT SLf CAT SL.‘(‘E CAT SL.‘(E CAT SL{E CAT SL% CAT SLf CAT SL.‘(‘E

[c] | K A M N

cAT Sl_f CAT SI_%E CAT Sl_f CAT Sl_f CAT SI_€ cAT Sl_f CAT SI_%E

(o] n 2 z T Y L

CAT SL % CAT SL f CAT SL é

X v Q

Figure 54 Bird's-eye view of all the content of CAT-SL

3.7. Avatar For Visual Feedback

The avatar, which was mainly developed in the VirtualSign project [Escu2015, VirtualSign]
and was adapted for the CAT-SL, is a solution that combines technology and accessibility. It
acts as a versatile translator between text and sign languages, with two main functions. It can
turn text into sign language performed by a 3D avatar, or it can translate sign language into
written text when someone signs in front of a camera with data gloves. This project started
from a classroom situation where traditional methods couldn't effectively communicate with
students who had hearing disabilities. The CAT-SL project harnesses the power of the
VirtualSign technology to provide an innovative sign language course, with a core focus on
visual feedback.

In this chapter, we explore the role of the 3D avatar in delivering visual feedback, enabling
effective sign language instruction and learning. The 3D avatar acts as a digital sign language
model, showcasing signs, expressions, and movements, which are fundamental to the CAT-SL
course. The requirements for the avatar are defined in Table 6 and analyzed in the rest of this

section.
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Description Example Use Case
AV1 The avatar is able to filsplay the required hand Content management
trajectory.
AV2 The avatar is able to display the required hand Content management

shapes embedded in the trajectory.

Motion elements like arm motion, head motion,

A body motion can be extracted. Content management

AV4 The avatar is able to d|§play the required body Content management
motion.

AVS The avatar is able to display the required facial Content management

expressions.

Table 6 List of avatar functions

Figure 55 The 3D avatar

3.7.1. 3D Avatar

The CAT-SL project relies on the VirtualSign 3D avatar to provide visual feedback, ensuring
effective sign language instruction and learning. This digital sign language performer serves
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as a bridge between teachers and students, delivering an accurate representation of sign
language gestures, expressions, and movements.

The 3D avatar used in the CAT-SL project mimics human-like features to enable sign language
representation. It's a virtual character capable of performing various sign language signs,
creating an immersive learning experience for students. The avatar can convey a wide range
of emotions and expressions through its body movements and facial features.

To operate the 3D avatar effectively, it's essential to have sign language experts who
understand the intricacies of sign language. They validate the avatar's actions, ensuring the
accuracy and cultural relevance of the signs presented.

The 3D avatar is a visual aid that provides immediate feedback on sign language gestures.
Students can watch the avatar's movements and compare them to their own, aiding in the
learning process.

3.7.2.Anatomy of the 3D avatar

Understanding the anatomy of the avatar is crucial for appreciating its role in teaching sign
language effectively. This section provides an overview of the avatar's components and how
each contributes to accurate sign language representation (AV1-AV5).

Body: The avatar is built with a humanoid body with a friendly cartoon-game style, allowing
for customization and full upper body movement.

Face: The avatar's face is a critical element for conveying emotions and expressions. With a
wide range of facial features and expressions.

Arms and Hands: The avatar's arms and hands are customizable, enabling all the necessary
hand configurations that are essential for accurate sign language representation. The hands
can take on various shapes and positions to perform different signs.

Body Movements: Body movements are a significant part of sign language. The avatar's body
can replicate various body movements, including torso twists, head tilts, and other gestures
that contribute to sign language grammar.

The facial expressions of the 3D avatar play a vital role in conveying emotions and intensifying
the meaning of signs. It can mimic emotions such as happiness, sadness, surprise, curiosity,
and even anger. Facial expressions are divided into two categories: eyes and mouth. Users
can combine eye expressions from predefined lists with various mouth movements, allowing
for a wide range of emotional expressions.

The avatar is designed with sign language in mind. It takes into account the intricacies of sign
language, including hand shapes, movements, and facial expressions. Sign language experts
work closely with the avatar to ensure that it accurately represents the language's grammar
and cultural aspects.

3.7.3.Configuration of Sign Language gestures

In order to generate the avatar videos, the gestures need to be created using the Configurator
tool. This section delves into the configuration process, highlighting how sign language
gestures are crafted using the 3D avatar.
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Figure 56 Configuration of an avatar sign

Avatar manipulation: The configuration process starts by manipulating the 3D avatar in a
user-friendly interface. The avatar's arms, hands, body, and head are adjusted using an
intuitive drag-and-drop style, facilitating precise movements.

Hand Configurations: Hand configurations are a critical aspect of sign language gestures. The
3D avatar allows users to select from a wide array of pre-modeled hand shapes with different
finger positions, and movements to match the specific requirements of each sign.

Facial Expressions: Emotions and facial expressions are fundamental in sign language. The
3D avatar can mimic a range of facial expressions, contributing to the nuanced aspects of
sign communication. By combining eye and mouth movements, it can easily represent
emotions like happiness, sadness, surprise, curiosity, and anger, or even motions such as
tongue in cheek.

Keyframes: To create sign language gestures, keyframes are registered to capture different
moments within the gesture. Users define the initial and final positions of the avatar, along
with keyframes for when hand configurations change during the sign. These keyframes serve
as reference points for the avatar's movements.

Interpolation: The software interpolates movements between keyframes to create smooth and
natural gestures. This process ensures that the sign language gestures appear fluid and
accurate.

Gesture reuse: To streamline the configuration process and save time, users have the option
to copy previous keyframes for movements that require repetition. This feature simplifies the
creation of multiple signs with similar elements.

Importing gestures: Users can also import keyframes from existing gestures stored in the
database. This is particularly useful when configuring signs that share similarities with

previously created gestures.
Two main user roles are involved in the configuration of sign language gestures:
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Editors: Editors can be any user, with or without expertise in sign language. They use the
configurator to mimic sign language movements found in videos and dictionaries. These
gestures are saved in the project's database. However, these gestures remain unvalidated and
unused in the course material until they are approved by validators.

Validators: Validators are sign language experts, typically individuals with sign language as
their primary language or certified sign language interpreters. They are responsible for
validating signs created by editors. The configurator provides a built-in messaging system
that allows validators to give feedback to the editor responsible for a specific sign. This
communication ensures that signs meet the required standards and are accurate
representations of sign language.

Olhos | | Boca
<
Olhos normais Boca normal
= L
Olhos Bochecha direita
semifechados cheia

Sobrancelhas Bochecha

contraidas esquerda cheia
Olhos fechados Duas bochechas
cheias

Figure 57 Configuration of expressions

The configuration of sign language gestures is a meticulous process. Users manipulate the
3D avatar, fine-tune hand configurations, facial expressions, and body movements. Keyframes
are registered to capture the gesture's moments, and interpolation creates fluid movements.
Editors and validators play crucial roles in the validation and creation of these gestures,
ensuring they are accurate representations of sign language.

3.7.1. Production of Avatar Videos

As part of the CAT-SL project's commitment to providing an inclusive and accessible sign
language course, the efficient creation of avatar videos is essential. To streamline this process,
we use the VirtualSign Capture Tool, a program designed to simplify the production of sign
language content at scale.

The creation of avatar videos with this program builds upon the foundation of the VirtualSign
text-to-sign translator. This tool takes a simple yet powerful approach: it accepts a text file as
input, where each line in the file represents a word, sentence, or phrase to be translated into
sign language gestures. The program then seamlessly translates the textual content into




CAT S é 102: AUTOMATED SIGN LANGUAGE TEACHING SYSTEM AND SERVICE FOR EUROFPEAN SLs

corresponding avatar gestures. For each line of text in the input file, the tool records a
separate video of the 3D avatar performing the sign language gestures.

Grammatical
parsing

3D Avatar — ¢ Text
Term-animation
A . s matching
VirtualSign Studio
Validate/aprove @
animations ] .
S~ VirtualSign :
Term-Animation Studio \
database . 4
VirtualSign
Studio
VirtualSign  ,ation
Studio iting
Animation
editing

Figure 58 Workflow of the avatar

selecionar ficheiro de leitura =
e T .

Figure 59 Playback of the avatar in various contexts

The VirtualSign Capture Tool offers a crucial advantage in the efficiency of sign language
content production. By automating the video creation process, it significantly expedites the
generation of educational materials. This level of automation ensures that educators and
course developers can efficiently produce numerous sign language videos, a particularly
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valuable asset for a course like CAT-SL.

Users have the freedom to customize the input text file to include words, sentences, or phrases
of varying lengths and complexities. The tool is designed to adapt to these variations,
delivering accurate and personalized sign language representations for each word or
sentence.

The outcome of the VirtualSign Recorder process is a series of separate video files. Each video
corresponds to the 3D avatar performing sign language gestures for the corresponding word
or sentence in the input file. These videos are seamlessly integrated into the CAT-SL course
materials, contributing to a comprehensive and accessible sign language learning experience.

3.7.2.Training Course: Utilizing the configurator

During the CAT-SL project we have provided a simple training course for using the VirtualSign
Configurator. This course is designed to empower educators and course developers, with the
skills and knowledge required to effectively utilize the configuration tool.

The primary objectives of this training course are to familiarize participants with the
configurator's interface and functionalities. Participants will gain hands-on experience in
configuring and validating sign language gestures. The course focuses on providing guidance
to both editors and validators in building the sign language lexicon used by the 3D avatar.

Participants in the course undergo a step-by-step process to configure sign language words,
offering them valuable hands-on experience with the VirtualSign Configurator. This practical
training equips them with the proficiency needed to interact with the tool confidently.

The course serves as an important aspect of the CAT-SL project, empowering individuals to
become proficient content contributors. Through the training, they become better prepared
to contribute to the development and validation of sign language content, ultimately
enhancing the educational experience for learners.

3.7.3.Limitations and Future Improvements

While the CAT-SL project benefits from the integration of the 3D avatar and the configurator,
there are some challenges and opportunities for further enhancement, mainly in the facial
expression and arm movement areas.

The 3D avatar's facial expressions are still somewhat limited, primarily focusing on eyes and
mouth movements. While it provides a large number of combinations, there is room for
expanding the range of facial expressions, which can make the signs more expressive.

Some users have provided feedback regarding the avatar's gesture speed and quality.
Improvements in animation speed and more detailed gestures, including elbow positions, are
areas that will be addressed to enhance the visual quality of the signs.

The process of acquiring data for configuring sign language gestures, especially for new sign
languages, can be time-consuming. There's room for streamlining the data acquisition process
to make it more efficient.

4. Non-Functional Implementations

The system meets the following quality (NF) implementations:
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NF1: Productivity — the system has the capacity to serve a reasonable amount of simultaneous
(concurrent) sessions, depending on class size.

NF2: Scalability and flexibility — the system is modular to expand and serve more users, and
allows for additional settings, as more users might be interested in using the provided
services.

NF3: Compatibility — the system is compatible with current Web standards (HTML, XHTML).

NF4: Accessibility — the system is installed centrally on more than one server and is accessible
via http or https over the Internet.

NF5: The system has a web-based user and administrative interface for public and protected
sections.

NF6: The system is compatible with the most popular Internet browsers, such as Internet
Explorer v.8 and higher, Mozilla Firefox v.3.6 and higher, Safari v.3 and higher and Chrome
v.10 and higher.

NF6: Stability — the system guarantees a secure and reliable learning process.

NF7: The automated evaluation is done within 20 seconds for medium size sentences.
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Past (T coer - Mo A 9 .00 Conditional Format Cell I
aste v | B - - = == | &= 3 | B 4 2. O €0 0 onditional Forma el nsel
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4 284 81bd64aBadadt 1 keypoints _https://cat-sl-api.hmu.gr, ording/81 380 26 17/1/23 19:40:07 17/1/2319:40:18  17/1/2319:40:13

5. Evaluation

During the development of the CAT-SL system a number of evaluation cycles were conducted
to validate different system aspects. These aspects can be categorized as follows:

e Functionality and user-friendliness of the user-interface, both from the point of view of
the student as well as the teacher.

e Robustness of the system.

e Assessment of learning effects.

e Type of feedback of CAT-SL to the student.
e CAT-SL and the Deaf user.

In the following sections each of these aspects will be separately addressed.

5.1.1. Functionality and user-friendliness of the user-interface

During the development of the CAT-SL system a number of evaluation cycles were run through
and presented at the various multiplier events (ME). These events saw participation from 15
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to 25 diverse stakeholders each time, encompassing deaf/hard-of-hearing individuals, parents
of the deaf/hard-of-hearing, teachers, and more. The first ME was conducted online due to
COVID-19 restrictions, while subsequent events were hosted in Porto, 's-Hertogenbosch, and
Athens. In these development processes different aspects of CAT-SL were tested and
attendees of the multiplier events were asked to give their opinion about them. Starting with
the first ME, the initial focus was on gauging interest in a computer-assisted application for
learning Sign Language and direct our ongoing implementations. By the time of the last ME,
the CAT-SL system had undergone significant refinement.

Platform content

Quality of videos (expand into different questions "The instructions were clear”, etc)

1 2 3 4 5

Not good O O O O O Very good

Vocabulary choice

1 2 3 4 5

Not good O O O O O Very good

Scoring mechanism / video feedback

1 & 3 4 5

O @) @) O @)

Figure 60 Evaluation Form (Platform)

Whereas the first questionnaire focussed primarily on the possible use of an application for
computer-assisted learning of Sign Language, consecutive questionnaires incorporated
questions directed at its functionality, Ul and user-friendliness.

A first impression of CAT-SL scored 7.7 on a 10-point scale. People valued the innovative
aspect of CAT-SL and its state-of-art implementation. It was considered to be of added value
in independent learning of Sign Language (7.4). Additionally, it was thought to be an asset
which could be very motivating for students, and most importantly, would enable a detailed
and repeated look at how a sign should be correctly made. Because of its flexibility, teachers
would be able to develop their own educational material, that could be added to an existing
curriculum.

Demos that were presented have been given an average value of 7.6 (out of a possible 10).
In general, comments were given on the facial expression of the avatar, which needed
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improvement.

In subsequent questionnaires (see figures below) 90% of the respondents rated the quality
of the signed videos as very good or excellent. They also indicated that in general they were
interested in using the CAT-SL application in the future. The most requested improvement is
the inclusion of pose and facial expressions.

ul

Quality of interface: | can navigate the platform easily / the options are obvious

1 2 3 4 5

O O O O ©

The interface is responsive (time to load videos/switch pages etc)

1 2 3 4 5

O O O O O

Figure 61 Evaluation Form (Ul)

Questions on perceived value of the platform

| would use such a platform to learn sign language

1 2 3 4 5

©) O ©) O (©)

| would use such a platform but only as a practice tool to complement my sign-
language courses

1 2 3 4 5

©) ©) ©) ©) @)

| have no interest in such a platform
1 2 3 4 5

Strong agree O O O O O Strong disagree

| have some interest in this platform but it needs improvements

1 2 3 4 5

(©) ©) ©) ©) @)

Figure 62 Evaluation Form (Value)
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5.1.2. CAT-SL and the Deaf user

Deaf users who have been shown demos of the CAT-SL system were very positive about the
possibility of CAT-SL being used for studying sign language, especially by hearing students.
In addition deaf users also indicated that the system could possibly be used for learning a
second sign language, although for this particular purpose special courseware would have to
be developed.

6. Conclusions and Future Steps

We have presented a document that serves as the basis for the development of an automated
system for teaching sign languages. It can be used for any such development in the future.

We have presented the user roles and groups. We presented the functional and non-functional
implementations and the basic use cases, for use by the developers. We made special mention
to quizzes and ways to incorporate them. We finally presented the evaluation criteria for the
system.

The CAT-SL project has successfully developed an innovative automated platform for sign
language teaching, based on cutting-edge technologies such as computer vision and machine
learning. The system has been designed to serve the needs of both teachers and learners, in
a diverse range of settings, from higher education institutions to special education schools
and independent learners. Importantly, the system has been designed with scalability and
adaptability in mind, allowing it to be extended to cover more sign languages and to be
adapted for different educational levels and proficiency levels.

The project has demonstrated that the use of advanced technologies can significantly enhance
the teaching and learning of sign languages. By providing immediate, visual feedback on
signing accuracy, the system offers a unique learning experience that can help students
improve their signing skills and gain confidence in their abilities. The stand-alone practice
application, with its real-time color-coded scoring, is particularly effective in this regard.

The user-friendly interface of the CAT-SL system, along with its robustness and stability, have
been highly rated by users. The system's ability to serve a reasonable number of simultaneous
sessions, its compatibility with current web standards and popular Internet browsers, its
accessibility over the Internet, and its seamless integration into the Moodle learning
management system all contribute to its high user acceptance.

At the same time, the project has identified areas for improvement, notably the need to
include pose and facial expressions in the sign recognition process, and the need to improve
the facial expression of the avatar. These are complex challenges that require further research
and development effort.

6.1.1. Future Steps

Looking ahead, there are several potential directions for further development of the CAT-SL
project. Firstly, there is scope for expanding the range of sign languages covered by the
system. While the initial implementation focused on Dutch, Greek, and Portuguese sign
languages, the same methodology can be applied to many more languages in Europe and
beyond.

Secondly, there is potential for developing more courses for different educational levels and
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proficiency levels in each sign language. This could include courses aimed at beginners,
intermediate learners, and advanced learners, as well as courses focusing on specific topics
or domains of use.

Thirdly, there is an opportunity to carry out more extensive field trials to assess the learning
effects of the CAT-SL system. This could involve testing the system with a larger number of
sign language learners, comparing results with a control group of learners who follow
traditional sign language classes, and getting feedback from teachers on the usability of the
system.

Fourthly, there could be potential for developing the system for use in learning a second sign
language. This would require the development of special courseware and might appeal to a
different group of learners.

Finally, ongoing work will be needed to keep the CAT-SL system up to date with advances in
technology and pedagogy. This will involve continuous monitoring of developments in areas
such as computer vision, machine learning, e-learning, and sign language teaching, and
making necessary updates to the system.

In general, while the CAT-SL project has made significant strides in automated sign language
teaching, there is a lot of exciting potential for further development and wider application of
this innovative approach.
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