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Abstract: Apart from being an economic struggle, migration is first of all a societal challenge; most
migrants come from different cultural and social contexts, do not speak the language of the host
country, and are not familiar with its societal, administrative, and labour market infrastructure. This
leaves them in need of dedicated personal assistance during their reception and integration. However,
due to the continuously high number of people in need of attendance, public administrations and
non-governmental organizations are often overstrained by this task. The objective of the Welcome
Platform is to address the most pressing needs of migrants. The Platform incorporates advanced
Embodied Conversational Agent and Virtual Reality technologies to support migrants in the context
of reception, integration, and social inclusion in the host country. It has been successfully evaluated
in trials with migrants in three European countries in view of potentially deviating needs at the
municipal, regional, and national levels, respectively: the City of Hamm in Germany, Catalonia in
Spain, and Greece. The results show that intelligent technologies can be a valuable supplementary
tool for reducing the workload of personnel involved in migrant reception, integration, and inclusion.

Keywords: human-centered artificial intelligence; intelligent technologies for migrant support;
conversational artificial intelligence; virtual reality; agent-based information delivery; agent-based
coaching; agent-based training
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1. Introduction

Migration is a constant on the world’s political agenda, especially migration provoked
by wars, civil unrest, and economic crises that lead to millions of individuals being forced
to flee their homes and become refugees. This migration poses a societal challenge in the
host countries. Prominent examples include the massive refugee flows from Syria and
Iraq in 2015, from Ukraine in 2022, and the enduring flows from the African continent to
Europe and from Latin America to the US. In these cases, most of the migrants come from
different cultural and social contexts, do not speak the language, and are not familiar with
the societal, administrative, and labour market infrastructure of the host country. This
leaves them in need of dedicated personal assistance during their reception and integration.
However, due to the continuously high number of people in need of attendance, public
administration and non-governmental organizations are often overstrained with this task.
The consequences are delays in legal registration, cancelled or shortened language and/or
integration courses, difficulties surrounding incorporation into the labour market, and
more, with all this leading to frustration, parallel societies, and poverty on the migrant side
and lack of tolerance and acceptance on the side of the host country’s society. For these
reasons, support by intelligent assistance technologies is in high demand.

Al-based technologies (e.g., in educational, healthcare, and social or basic care ap-
plications) have already been successfully used for a long time. While some of these
technologies have also already been used for migrant assistance [1-3], there is a significant
difference between the functionality of the overwhelming majority of such applications
and the complexity of the requirements towards an application that serves the needs of mi-
grants and refugees, henceforth referred to as “Third-Country Nationals”, TCNs (by using
the term “Third-Country Nationals”, we follow the official terminology of the European
Commission). While these applications usually cover one specific task or serve one specific
target group, the needs of TCNs are manifold; furthermore, the group of TCNs is very
heterogeneous, such that any one-for-all solution will not work. Moreover, the available
applications usually use one type of technology, such as personal assistants, virtual reality,
or decision support. However, all of these are needed in order to address the needs of
TCNs, and they need to be integrated so as to complement each other.

In what follows, we introduce the Welcome Platform, developed as part of a European
Commission-funded project, aimed at providing an advanced solution to support TCNs in
addressing some of their most pressing needs in Europe. The preliminary design of the
Welcome Platform has been presented in [4]. The platform combines the technologies of in-
telligent Embodied Conversational Agents (ECAs) and Virtual Reality (VR) with traditional
ways of information delivery such as FAQs and links to online material in order to serve
TCNs best. Users can access services through a mobile device-based application in the
language of their preference. The VR and the ECA-running mobile device applications are
both based on the same technology, namely Unity (https:/ /unity.com/), which facilitates
their complementarity and integration.

The Welcome Platform has been successfully evaluated in trials with migrants in three
European countries. This evaluation shows that intelligent technologies are a valuable
supplementary tool for reducing the workload of personnel involved in migrant reception,
integration, and inclusion.

The distinctive and innovative features of the Welcome Platform, compared to the
available systems, are as follows:

e Itaims to serve TCNs at all stages of their lives after arrival in the host country, namely,
reception, integration, and social inclusion.

* It uses the most suitable type of technology for each of the addressed needs: ECAs,
where verbal guidance is required, for example in the creation of a CV for job appli-
cations; VR, where visual experience and action is of use, such as in the context of
language learning or acquaintance with cultural facilities; and a Frequently Asked
Questions (FAQs) section, where standard information is available to address com-
mon concerns.
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e It takes into account that the needs of migrants that must be addressed by municipal,
regional, and state organizations may be different. For illustration, we show its use in
the city of Hamm, Germany, the region of Catalonia in Spain, and at the national scale
in Greece. At the same time, modular extension allows the Welcome Platform to cover
other needs in other locations.

The remainder of this article is structured as follows: the next section presents the
background of our work, i.e., the identified needs of TCNs and their alignment with
intelligent technologies that address them best. Section 3 places our work in the context
of related applications. In Section 4, we outline the architecture of the Welcome Platform
and its individual modules. Section 5 illustrates the application of Welcome ECAs, while
Section 6 describes the application of Welcome VR technologies. Section 7 summarizes the
evaluation of the Welcome Platform in user trials. Finally, Section 8 draws some conclusions
from the presented work. In view of the numerous abbreviations used in the paper, we
provide a table with the full names of the Platform’s different modules along with their
corresponding abbreviations in an annex.

2. Background

In what follows, we first briefly outline the certified needs of the TCNs, and then
discuss what types of technologies are best suited to address each of these needs.

2.1. Concerns of TCNs

The three central concerns related to migration in host countries are reception, inte-
gration, and social inclusion (https:/ /reliefweb.int/report/world/story-journey-across-
europe-first-reception-integration-migrants, accessed on 21 May 2024). Each of these
concerns is a collaborative problem-solving task in which public administration officers
and NGO employees (henceforth, “stakeholders”) are much more than mere passive in-
formation service providers. They need to engage with the TCNs in order to acquire
information or provide information, guide them on how to accomplish a specific task,
or complete a task themselves, with information either acquired or at hand. The range of
matters that a TCN has to deal with (and that stakeholders have to support them in) in
the context of reception, integration, and social inclusion are manifold, and depend on the
administrative structure and the legal framework of the host country. One of the conse-
quences of this dependency is the different interpretation of what reception, integration,
and inclusion imply. For instance, in Catalonia, Spain, reception already implies lan-
guage training, introduction to the labour market and to the Catalan society and coaching,
along with the recognition of academic qualifications and previous professional experience
(https:/ /ec.europa.eu/migrant-integration/integration-practice/first-reception-service_en,
accessed on 21 May 2024). In Germany, however, all of this is addressed as an integra-
tion task (https://www.bamf.de/EN/Themen/Integration/ZugewanderteTeilnehmende/
Integrationskurse/InhaltAblauf/inhaltablauf-node.html, accessed on 21 May 2024). There-
fore, it is important, first, to briefly define how these three terms are used in our work.

Reception (https:/ /www.unhcr.org/media/reception-asylum-seekers-including-
standards-treatment-context-individual-asylum-systems, accessed on 21 May 2024) im-
plies at least registration and orientation on the basic rights of TCNs in the given host
country. While registration procedures differ from host country to host country, all of them
share commonalities in requirements such as coordinating a visit to public administration,
filling out registration forms, delivery of specific documentation, etc. Thus, TCNs require
some guidance on where to find the corresponding public administration office, which
information to introduce in what part of the form, what types of documentation are needed
and in what time frames, etc. Orientation should at least cover information on the rights to
seek asylum, receive medical assistance, enjoy temporary resident status, etc. — in short,
human rights information.

Integration (https:/ /www.oecd.org/regional /regional-policy / Migration-Flyer-FINAL.
pdf, accessed on 21 May 2024) is likely to be the broadest and most heterogeneous topic. It
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subsumes, e.g., language learning, incorporation into the labour market, learning about
social and health services and the education system. In particular, language learning is
central; even more than in conventional Second Language Learning setups, topic-oriented
vocabulary acquisition is crucial. As a matter of fact, the ability to name things one refers
to in different contexts, whether in interaction with the authorities or with fellow citizens,
is of extraordinarily high importance.

Social inclusion (https://www.oecd.org/regional/Local-inclusion-Migrants-and-
Refugees.pdf, accessed on 21 May 2024) is not equal to integration, as a person can be
integrated into a host country in the sense that they speak the language and know and
use all of the available services offered by the state, but may still be socially marginalized,
i.e., not be able to participate in the social life of the host country. Participation in guided
tours through social installations such as, e.g., public libraries or other cultural facilities,
learning about social event calendars, and learning about administrative or societal details
of the host region or country are only some of the possibilities that can foster better
social inclusion.

Figure 1 summarizes the concerns of TCNs that have been identified as high-priority
needs in the contexts of reception, integration, and inclusion by the stakeholders involved
in the development of the Welcome Platform.

administration assistance
registration
Reception legal service

hum. rights information

CV creation

labor market introduction interaction counseling

job interview prep.
language teaching appearance counseling
Integration
admin. appointment
health system briefing

school system briefing

— public facilities briefing
Soc. inclusion._ GB violence elucidation
— racism elucidation

housing mediation

Figure 1. High-priority concerns of TCNs as captured in the leaves of the hierarchies related to
reception, integration, and social inclusion.

2.2. How Can Intelligent Technologies Help?

The concerns of TCNs displayed in Figure 1 can be classified as needs for information
provision, coaching, or training. For instance, an explanation of how a public library
functions or what is needed to arrange an appointment with a lawyer is classified as
information provision, while help with registration forms, CV creation, or advice on the
apparel for a job interview is considered coaching, and improving skills for a job interview
is considered training. As can be observed in the literature (see Section 3 below), each
of the tasks of information provision, coaching, and training suggests specific types of
technologies for its realization.

Information provision has most often been approached as a question-answering
problem, which is then solved either as a simple static FAQ list, if standard general informa-
tion is to be provided (https:/ /www.searchenginejournal.com/best-fag-page-examples/
267709 /#close, accessed on 9 May 2024), or as a dynamic open domain model based on
state-of-the-art natural language processing techniques [5]. In an interactive information
request-delivery context with possible follow up clarification or detailing requests, a conver-
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sational agent setup is more appropriate [6]. This is also the case for information delivery
to TCN.

Coaching is by nature an interactive setup in which a knowledgeable coach provides
guidance and feedback that is needed for achieving a specific goal or task to someone with
little or no experience. The task of coaching often involves an Embodied Conversational
Agent acting as a virtual coach [7]. The use of Virtual Reality in which both the coach and
the coached individual are immersed is also common [8]. The virtual coach can also be
embedded into a Virtual Reality setup [9].

Training is occasionally mentioned in the context of coaching, especially when ECAs
act as trainers [10,11]. However, it is, in principle, a different task, as it implies “the orga-
nized procedure by which people learn knowledge and/or skill for a definite purpose” [12],
which is a priori not a given in the case of coaching. This procedure can be supervised
and guided by a trainer, in which case it implies an aspect of coaching, or be self-guided;
in the case of TCNs, it is the former. The most prominent training application for TCNss is
language learning. Computer-Assisted Language Learning (CALL) is a very active line of
research and development. An entire range of commercial and experimental programs is
available, e.g., Babbel (https:/ /uk.babbel.com/), Rosetta Stone (https:/ /rosettastone.com),
Lingo Pie (http://lingopie.com/), and more. The use of ECAs [13,14] and VR [15-18]
for this task has also been widely explored. Indeed, both offer significant advantages.
Conversational agents allow for personalized reactions to the observed mistakes of the
learner along with explanatory dialogues and natural guidance to support the learner
through exercises. VR allows objects to be visualized and facilitates actions for which the
learners are supposed to learn the vocabulary. It also supports multiple-learner setups.
This has been shown to have a great potential for improving learning outcomes [19].

Which types of technologies are most suitable for the implementation of information
provision, coaching, or training depends on the characteristics of the information provided
in respect of the topic being taught, coached, or trained. Table 1 shows the alignment
followed in the Welcome Platform.

Table 1. Alignment of services with technologies. “VPA’: Virtual Personal Assistant”; “VR’: Virtual
Reality; ‘FAQ': Frequently Asked Questions; ‘info”: Information Provision; ‘coach”: Coaching; ‘train”:
Training; ‘GB’: Gender-based (Violence).

Info Coach Train
reception registration VPA
TCN rights FAQ
CV creation VPA
job interview interaction VR
job interview appearance VR
integration language teaching VR / VPA
adm. appointment VPA
health system info FAQ / VPA
schooling system info FAQ / VPA
public facilities intro VR VR
GB violence & racism FAQ / VR VR
soc. inclusion gender bias & discrim. FAQ / VR VR
host country geography VR VR
education FAQ / VR VR
housing mediation VPA



https://uk.babbel.com/
https://rosettastone.com
http://lingopie.com/

Information 2024, 15, 686

6 of 33

In the context of reception, TCNs are coached through the registration procedures by a
Virtual Personal Assistant (VPA) and are offered information they need to know about their
rights through FAQs. During integration, services related to CV creation, recommendations
on job interview appearance, language teaching, and arrangement of appointments with
public administration also imply coaching by a VPA. As pointed out above, VR is a very
useful technology in this context for language teaching or learning. Basic information
on the health and schooling systems in the host country is best communicated by FAQs,
while how to act during job interviews is best trained through VR. VR is also the optimal
instrument for the majority of social inclusion services related to information provision, e.g.,
showing a TCN around in public facilities such as libraries, public gyms, or swimming pools
or explaining what is meant by gender-based violence or how to fight racism. A convenient
means for provision of some generic information on gender-based violence and measures
against racism are the FAQs, while VPA is the most suitable means to mediate between
TCNs who are looking for shared housing possibilities. As acknowledged by experts and
as shown in [20], social inclusion services are ideally suited for language learning activities;
therefore, all of the social inclusion services covered in the Welcome Platform include a
language teaching component.

3. Related Work

Thanks to neural machine learning techniques, the recent advances in research ar-
eas related to the individual Welcome Platform technologies are extensive, and it would
definitely go beyond the scope of this section to attempt to delve into detail of each of
them. Therefore, we refer the reader to recent surveys on conversational agent technolo-
gies [21], dialogue management [22], speech recognition [23], language understanding [24],
controllable natural language generation [25], computer-assisted language learning [26],
and the use of VR technologies for learning [27] and social interaction [28]. In what fol-
lows, we focus on the related work on ICT specifically for migrant reception, integration,
and inclusion.

Several studies have assessed and acknowledged the capability of ICT and Al to
support the reception, integration, and social inclusion of migrants; see, e.g., [20,29-33].
Others have evaluated the potential of specific technologies such as, e.g., mobile devices or
VR for integration [34-36] and language learning [37], respectively.

An increasing number of applications targets one or several tasks related to migrant
reception, integration, and social inclusion. Thus, [38] presents a prototype and [39] a more
mature version of the smartphone-based MApp application for language learning and social
inclusion, including language lessons designed to assist informal learning in everyday life,
with a focus on situational language needs and a social forum for peer support, cultural
information, comments, and practice. Informal learning is personalized by assessing
the history of the user’s interaction with the application. In [40], the authors describe a
mobile application for informal language learning using gamification techniques, while [41]
focus on the co-design aspect of an embodied social chatbot that can provide answers to
questions on six topics (language learning, internship application, vocational training,
school, university application, and student finance) related to social integration. Interaction
with the user is implemented using the ProtoPie tool (https:/ /www.protopie.io/, accessed
on 18 May 2024). MyMigrationBot, presented in [42], uses another off-the-shelf dialogue
manager, namely, Twilio (https:/ /www.twilio.com/, accessed on 18 May 2024). It interacts
with migrants through a Facebook Messenger based-interface to acquire personality traits
such as extroversion, emotional stability, and agreeableness, along with the competencies
required for their current job. NADINE-bot [1] retrieves answers to the questions of migrants
from repositories of FAQs on the administrative procedures of different EU countries.
The focus is on segmentation and matching of the retrieved information with the user’s
inquiry to deliver the most relevant chunk, while a chat module is added to simulate
conversational capacity. The IMMERSE platform [2] offers a search engine for different
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types of relevant information and decision support, e.g., in the context of a job application
where no verbal interaction is foreseen.

Despite all these advances, we can conclude in view of the multiple heterogeneous
concerns of TCNs listed in Section 2.1, which require different types of technologies to
address them (cf. Section 2.2), that none of the reviewed related works offers an integrated
solution that incorporates FAQs, advanced conversational agent technologies, and VR.
The Welcome Platform aims to provide such a solution.

4. The Welcome Platform
4.1. Overview of the Welcome Platform

As mentioned above, the Welcome Platform is an integrated solution of technolo-
gies for FAQ answering, Virtual Personal Assistants, and VR that provides information
provision, coaching, and training services to TCNs. Apart from the needs of the TCNs,
the Welcome Platform also caters for the needs of stakeholders, i.e., public administrators,
NGOs and language teaching personnel, by providing decision support technologies in
terms of a Visual Analytics Component (VAC) and a Teacher Panel (TP). However, in this
article, we focus on the applications that aim to address the needs of TCNs.

The integration provided by the Welcome Platform goes beyond a common interface
that facilitates access to different types of technologies. Thus, the Personal Assistants
may refer to specific FAQs during interaction with TCNs, and VR can incorporate avatars.
Figure 2 outlines the high-level architecture of the Welcome Platform.

MyWelcome
Application

MyWelcome Embodied Conversational Agent Application

i Linguistic analysis
Language Speech Disfluency Machine Language
Identification  Recognition Corr. Tool Translation Analysis

@\ L ararar (S,

v Local Knowledge
Dispatcher ! .
MyWelcome Y A\ : ©3) MyWELCOME
VR ; \\ ADSC agent for TCN n
x i/ —
< b — ] l e ‘ e ] [ S | \ \! ) ot nowetee
0\ G i \
z U TextTo-Speech  Machine Natural Language ~ Dialogue \
Translation Generation Management \
TCN Response Generation \\ \\
. S ¥-KBS led
Ki
Teacher Vi) WPM nozyestif“aase
Panel Analytics 8 ——
. ] Global knowledge
{ 2
™ VAC Welcome Platform Manager Content Global  Management

Authority Support DB | | Knowledge

Figure 2. High-level architecture of the Welcome Platform. ‘LID": Language Identification, “ASR”:
Automatic Speech Recognition, ‘LDC": Language Disfluency Correction, ‘"MT’: Machine Translation,
‘LAS’": Language Analysis, “TTS": Text-to-Speech, ‘NLG”: Natural Language Generation, ‘DMS’: Di-
alogue Management Service, "ADSC”: Agent-Driven Service Coordination, ‘KBS": Knowledge Base
System, "WPM': Welcome Platform Manager, “TP": Teacher Panel, “VAC”: Visual Analytics Component.

The Platform is managed through the Welcome Platform Manager (WPM), which
offers software maintenance features such as displaying the status of the individual mod-
ules in the platform, the logs produced by the agents and other components as a result of
their interaction, etc. Furthermore, administrators (public administration officers or NGO
employees) can use the WPM to register users and manage their profiles. Upon registra-
tion, each user is assigned their personal instance of the VPA (referred to as MyWelcome
Agent), which is active during interaction with its “Master” and with other agents and
dormant otherwise.

A registered user (in our case, a TCN) can access the Platform via one of its two
front-ends: MyWelcome Application and MyWelcome VR. The MyWelcome Application
is installed on the user’s mobile device. It provides easy and centralised access to several
services, including, e.g., profile management, contact with public administration, links to
relevant external online information, personalization of the appearance of the personal
assistant, written and oral interaction with the personal assistant, display of personal



Information 2024, 15, 686

8 of 33

documentation created during the interaction with the ECA (e.g., filled out registration or
first reception forms or the CV), download of the PDF version of the created documentation,
and more. In addition, the Application runs the Frequently Asked Questions section and
Vocabulary Learning Exercises services (cf. Figure 3 for a screenshot).

The MyWelcome VR serves as an engaging means for information delivery, coaching, and
training. Figure 4 shows a game setup for word spelling in the context of language learning.
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Figure 3. FAQs and language learning exercise featured by the MyWelcome Application (MWA).

Figure 4. Word spelling VR setup.
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Both the MyWelcome Application and the MyWelcome VR are implemented in Unity
(https:/ /unity.com), which facilitates the shared use of common libraries and features
and prepares the ground for the integration of avatars of the ECAs into VR (the current
release of the Welcome Platform does not feature this integration). Both are linked to the
Dispatcher, which mediates the partially asynchronous data requests and delivery between
the front-ends, the modules that compose the Platform, and the data and knowledge stores.
The modules include technologies for the analysis of spoken language analysis: Language
Identification (LID) and Automatic Speech Recognition (ASR); for translation and analysis
of the obtained transcripts and written language user interventions: Machine Translation
(MT) and Language Analysis (LAS); and for generation of written and spoken agent inter-
ventions: Natural Language Generation (NLG) and Text-to-Speech (TTS). The actions and
interventions of the personal agent of a user are planned by the Agent-Driven Service Coor-
dination (ADSC) instance deployed for this specific user and by the Dialogue Management
Service (DMS).

4.2. The Global Data and Knowledge Stores

The data and knowledge stores shown in Figure 2 are global, i.e., accessed by the
WPM or by any of the ADSC instances. In addition, each ADSC instance disposes of a Local
Agent Knowledge Repository (LAKR), which is controlled by its Knowledge Management
Service (KMS) and which contains the agent’s factual knowledge on the TCN profile and
domain knowledge according to the global Welcome ontology in the Welcome Domain
Knowledge Repository (WDKR) hosted by the KBS.

In this section, we describe the global stores; for the presentation of the LAKR and KMS,
see Section 4.4.1, in which ADSC is described in more detail. The global data and knowledge
stores are composed of the Content Database (CDB) and the Global Knowledge Base (GKB),
which is managed by the Knowledge Base System. The CDB contains information that is
communicated literally to the TCN (e.g., legally sensitive statements for which alteration
is not foreseen) and auxiliary information for the technologies (e.g., sentence templates
for Natural Language Generation). Its main components are a MySQL DB, Network File
Storage, and Solr for rapid full text search. It can be accessed via RESTful APIs and a
Web UL

The GKB contains a number of different ontology subrepositories, including,
e.g., (i) the Domain Knowledge Repository, which manages information that can be of use
to all agents (i.e., all TCNs), such as the address of the immigration office in a city or the
structure of a CV; (ii) the Agent Template Repository, which contains the characteristics
of the MyWelcome agents needed for their dynamic creation upon the registration of a
user; (iii) the Agent Repository containing the list of agents that have been deployed on the
Platform and their current status (active or dormant); (iv) the FAQs, which are modeled in
the ontology because they can be referred to during the dialogue of the ECA with the TCN;
and (v) user-related data such as the TCN or organization profile definitions, etc.

All GKB subrepositories are encoded in OWL2 (https:/ /www.w3.org/TR/owl2-overview/,
accessed on 7 June 2024) and stored in RDF4] triple stores (https://rdf4j.org/, accessed on
7 June 2024). Figure 5 shows the definition of the TCN and organization profiles and the
FAQs, respectively; the blue rounded rectangles are classes, while the green parallelograms
indicate properties.

Management of the GKB (insertion, retrieval, updating, and removal of information
via SPARQL queries) is realized by the Knowledge Base Service (KBS). The KBS also creates
the Local Agent Repositories for newly initiated agents (see below).


https://unity.com
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Figure 5. The definition of the TCN (left) and organization (right) profiles in the WELCOME ontology.
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4.3. Language Technologies

As indicated in Figure 2, the Platform incorporates an entire range of language tech-
nologies required for spoken and written communication with the user in the language of
their preference. Thus far, the Welcome Platform covers Moroccan (Darija) and Levantine
Arabic, Catalan, English, German, Greek, and Spanish. Modern Standard Arabic is used
to react to interventions of TCNs in Darija or Levantine Arabic due to the lack of reliable
text-to-speech technologies for Darija and Levantine Arabic.

It is important to note that the Welcome Platform’s language technologies are not
system-specific, and can be integrated via the Dispatcher into any other application or used
as stand-alone modules. In the current release, they are mainly used by the deployed
MyWelcome Agents, while the MyWelcome Application and the MyWelcome VR front-ends
also use language identification, speech recognition, machine translation, and text-to-speech
synthesis. Next, we briefly introduce each of these technologies.

4.3.1. Language Identification (LID)

The LID model in the Welcome Platform is a Gaussian Linear classifier model [43]
trained on sentence embeddings (or i-vectors [44]), which are obtained from 80-dimensional
acoustic Stacked Bottle-Neck (SBN) features [45]. Publicly available corpora (NIST’s Lan-
guage Recognition Evaluation challenges, Babel, Fisher, Common Voice, etc.) have been
used for training all three models (the Gaussian classier, the i-vector extractor, and the SBN
feature extractor). The LID accuracy on held-out data from these corpora is between 0.94
(for Spanish) and 0.97 (for Catalan and German). Welcome Platform domain-specific native
speaker monologues and/or dialogues were recorded for Catalan, Greek, and Moroccan
and Levantine Arabic. The LID accuracy on these recorded data ranged between 0.4 for
Catalan and 0.96 for Greek.

4.3.2. Automatic Speech Recognition (ASR)

For each of the seven languages covered in the Welcome Platform, an ASR model
was trained separately on the corresponding language data using the Speechbrain toolkit
(https:/ /speechbrain.github.io/, accessed on 14 June 2024) in a character-based or word
fragment-based end-to-end setup and the wav2vec pretrained model [46]. The output of
the ASR module is a “one-best” text transcription of an utterance, with separate word
confidences that are used by the Knowledge Management and the Dialogue Management
Services to decide whether a clarification of what language is being spoken is needed.


https://speechbrain.github.io/
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The Word Error Rate (WER) on in-domain data ranges between 10.4% for Catalan and
19.4% for Spanish. On user-collected data, the WER is considerably higher (e.g., 39.6% for
Catalan). This is likely due to the different genres of data used for training and the poorer
acoustic quality of the user data.

4.3.3. Machine Translation (MT)

MT plays an important role in the multilingual setup of the Welcome Platform. Due to
the complexity of the deep semantic analysis of low-resourced languages such as Moroccan
and Levantine Arabic, English serves as interlingua. The ASR transcriptions are translated
into English before analysis. The verbal reactions of the agent are also generated in English,
then translated into the language spoken by the TCN.

Two Multilingual Neural Translation (MNT) models have been trained: one for
translation between English and the other covered Indo-European languages (Catalan,
French, German, Greek, and Spanish), and another one for translation between Arabic
(Modern Standard Arabic and Moroccan and Levantine Arabic) and the Welcome Plat-
form’s Indo-European languages (including English). Both MNT models are based on
the encoder—decoder transformer architecture [47] and trained using the MarianNMT
framework (https://marian-nmt.github.io/, accessed on 12 September 2024). For training,
the OPUS? collection of open-source parallel corpora (https://opus.nlpl.eu/, accessed on
12 September 2024) and data collected as part of the project (850 M sentence pairs for the En-
glish < Indo-European model and 730 M sentence pairs for the Arabic <+ Indo-European
model) were used. Assessment of the MT models in terms of the BLEU and COMET
metrics showed that the models largely achieve state-of-the-art quality, such as NLLB 1.3B
and NLLB 0.6B (https:/ /ai.meta.com/research /no-language-left-behind/, accessed on
12 September 2024).

4.3.4. Language Disfluency Correction (LDC)

Spontaneous speech often contains hesitation or disfluency markers, such as fill words
(hmm, uh, you know, .. .), corrections, repetitions, etc. [48]. As such markers pose a challenge,
especially for syntactic language analysis, the three most common disfluency markers
(correction, repetition, and restart, possibly preceded by a fill word) are eliminated before
the (potentially translated) verbal intervention of the user is passed on for language analysis.
For this purpose, the model from[49] is integrated for detection, classification, extraction,
and correction of these three types of disfluency.

4.3.5. Language Analysis Service (LAS)

The LAS is composed of two submodules: the Surface Language Analysis (SLA)
submodule and the Deep (or Semantic) Language Analysis (DLA) submodule. SLA em-
ploys the UDPipe2 (https://github.com/ufal/udpipe, accessed on 14 September 2024)
pipeline, to obtain the universal dependency tree (https://universaldependencies.org/,
accessed on 14 September 2024) of a given statement after its tokenization, PoS-tagging,
and lemmatization. In DLA, the obtained surface dependency tree is further enriched by
outputs of Named Entity Recognition (NER), Concept Extraction (CE), Word Sense Dis-
ambiguation (WSD), geolocation, and speech act detection. For NER, Spacy’s off-the-shelf
models (https:/ /spacy.io/, accessed on 4 July 2024) are used. For geolocation, the data
from OSM (https:/ /www.openstreetmap.org/, accessed on 5 July 2024) and GeoNames
(https:/ /www.geonames.org/, accessed on 5 July 2024) are converted into search indices
for a basic search engine realized in the Welcome Platform. Concept extraction is performed
by the pointer generator network model from [50].

The enriched universal dependency tree is then projected via an intermediate deep
syntactic structure onto a semantic structure using a faster and more efficient reimplemen-
tation of the MATE [51] graph transducer grammar. The semantic structure, in which the
nodes are labeled with concepts and the edges with predicate—argument relation labels, is
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mapped onto an ontological representation and incorporated into the Local Knowledge
Repository of the user’s agent; see Figure 6 for the corresponding ontology schema.
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Figure 6. Ontology schema for the representation of the language analysis output.

4.3.6. Multilingual Natural Language Generation (NLG)

Many of the state-of-the-art task-oriented dialogue applications use sentence template-
based Natural Language Generation (NLG) [52-54]. However, template-based generation
falls short in the context of the Welcome Platform. Thus, although a significant amount
of information is standardized, and as such can be handled well by templates (e.g., “Your
nearest registration office is located in <ADDRESS>"), a lot of information is encoded in the
ontology and calls for flexible realization. In this case, full-fledged sentence generation
is thus more appropriate [55-57]. As a consequence, we use a combination of template-
based and full-fledged sentence generation. Both are realized using an extended version of
the graph transducer-based FORGe generator [58], which is grounded in the multistratal
linguistic model of Meaning—Text Theory [59]. The generator receives a semantic structure
from the Dialogue Management Service as input. If a standard statement is to be generated,
corresponding sentence template(s) are retrieved from the Content Database and filled
with the information from the structure; otherwise, FORGe’s language-specific generation
grammars are used.

4.3.7. Text-to-Speech Synthesis

For text-to-speech (TTS) synthesis of the generated agent turns in Catalan, English,
French, German, Greek, Modern Standard Arabic, and Spanish, the Open TTS
(https:/ /github.com/synesthesiam/opentts, accessed on 23 April 2024) and Google TTS
(https:/ /cloud.google.com/text-to-speech, accessed on 23 April 2024) have been integrated.
The voice matches the gender of the avatar chosen by the user as embodiment of the agent.

4.4. Personal Assistant Realization

Unlike the majority of state-of-the-art ECA applications [22,60], the Welcome Plat-
form’s personal assistant needs to be able not only to conduct a meaningful dialogue
with a human user but also to retrieve external information (e.g., the opening hours of
an office) and to reason (e.g., determine the office nearest to the residence of the TCN).
This is achieved by a two-module configuration of the central part of the Conversational
Agent (CA): the Agent-Driven Service Coordination (ADSC) and the Dialogue Management
Service (DMS). The two modules configuration allows us to handle both non-verbal and
verbal actions in depth. As a rule, non-verbal actions imply reasoning based on the user’s
input along with their user profile, interaction history, background knowledge, etc., for
retrieval of information via external services or to update data repositories. This type of
action is very different in nature from planning for the realization of a specific verbal action
in context, which is truly a “dialogue management” task.
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