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Streszczenie

Tematem niniejszej rozprawy jest wykorzystanie technologii §ledzenia ruchu gatek ocznych
(okulografii) w celu udoskonalenia glosowego systemu dialogowego do celéw terapeutycznych.
System ten zostal stworzony na potrzeby pacjentow z rozpoznaniem schizofrenii. Podczas
rozméw pacjentow z Terabotem, wystapil szereg probleméw, gtéwnie zwiazanych z ptynnoscia
dialogu. W celu znalezienia odpowiednich rozwiagzan, wykorzystano dane okulograficzne.

Obecnie okulografia jest szeroko wykorzystywana zaréwno w badaniach naukowych jak
1 zastosowaniach komercyjnych obejmujacych ré6znorodne dziedziny, np. medycyng, edukacje,
psychologi¢ czy marketing. Przyktadem zastosowania w dziedzinie "komunikacji cztowiek —
komputer" sa tzw. agenty konwersacyjne lub systemy dialogowe, ktérym poswigca si¢ 0s-
tatnio wiele uwagi. Jednym z zastosowan jest np. wykorzystanie zachowan niewerbalnych
do nawiazania kontaktu z uzytkownikiem. Kluczowa koncepcja w projektowaniu tych sys-
temow jest wykorzystanie zachowan niewerbalnych do zbierania informacji o uzytkownikach,
zamiast polegania wylacznie na mowie. Aby dialog migdzy agentem a czlowiekiem stat sig¢
bardziej realistyczny, agenci moga by¢ wyposazeni w zdolnos$ci komunikacyjne i ekspresyjne
podobne do tych obserwowanych w interakcji z ludZzmi, w czasie ktérej mamy do czynienia z ich
mowa, gestami mimika twarzy czy wzrokiem). Dzigki temu dialog moze przebiegac bardziej
naturalnie, a systemy moga zapewnié bardziej realistyczng rozmowe¢ z uzytkownikami. Dane
ze Sledzenia ruchu gatek ocznych moga stuzy¢ jako dodatkowe Zrédio informacji, szczegdlnie
podczas rozméw z agentami dialogowymi w aspekcie zdrowia psychicznego.

Terapeutyczny system dialogowy Terabot zostal zaprojektowany przez zespdt badawczy
z Politechniki Warszawskiej (PW), Wydziatu Elektroniki i Technik Informacyjnych. Jego ut-
worzenie miato na celu wzbogacenie terapii pacjentdéw z zaburzeniami takimi jak np. de-
presja, zaburzenia lgkowe itp. W celu zweryfikowania skutecznosSci systemu przeprowadzono
pilotazowe randomizowane badanie kliniczne w Instytucie Psychiatrii i Neurologii w Warsza-
wie. 38 pacjentéw miato mozliwos¢ przeprowadzania rozméw terapeutycznych z systemem di-
alogowym Terabot (oprocz biezacego leczenia, w tym farmakologicznego). Podczas rozmowy
z Terabotem pacjent mégt wybrac jedna z trzech emocji: Igk, strach lub wstyd. Pod koniec roz-
mowy Terabot zachgcat do wykonania ¢wiczenia relaksacyjnego, ktére miato pomdéce pacjentom
w uspokojeniu si¢ 1 opanowaniu emocji. Zbierane byty dane okulograficzne oraz nagrania au-
dio z dialogéw pomigdzy pacjentami a Terabotem. Bezposredni kontakt z pacjentami pozwolit
na znacznie efektywniejsza optymalizacj¢ systemu dialogowego.

Na podstawie analiz zweryfikowano dotychczasowe dzialanie istniejacego systemu dialo-
gowego. Przeprowadzono analizy interfejsu graficznego Terabota, w szczegdlnosci obszaréw
zainteresowania pacjentéw (ang. area of interest, AOI). Analizowano gdzie pacjenci patrzyli
najdtuzej i najczesciej podczas gdy konczyli swoja wypowiedZ. Wyniki analiz staly si¢ kluc-
zowym Zrédiem informacji, ktére postuzyty do zaprojektowania kolejnej wersji systemu. Nowy

system jest systemem multimodalnym, wspomaganym przez sygnal okulograficzny. Jest on



w stanie reagowaé na zachowanie pacjenta (jego spojrzenie) podczas rozmowy. Ponadto sys-
tem ten opiera si¢ na duzych modelach jezykowych (ang. Large Language Models, LLM),
w szczegoOlnosci na jednym z modeli GPT firmy OpenAl. Takie podejScie sprawia, Zze nowy
system jest bardziej zaawansowany nie tylko naukowo, ale i technologicznie. Dzigki zas-
tosowaniu okulografu (w przeciwienstwie do systemu dialogowego bez dodatkowych narzedzi)
mozna bylo dostosowaé konwersacje do zachowania pacjenta. Pozwalato to na bardziej nat-
uralng interakcje migdzy pacjentem a systemem dialogowym. Dane okulograficzne postuzyty
do rozwigzania problemoéw, ktére powodowaty przerwy w dialogu migdzy systemem a pacjen-
tem. Ponadto technologi¢ Sledzenia ruchu gatek ocznych wykorzystano réwniez do automaty-
cznej oceny zaangazowania pacjentéw w dialog. Proponowane rozwiazania moga mie¢ pozy-
tywny wptyw na interakcje pomigedzy Terabotem a pacjentem. Moze si¢ to roOwniez przyczynic

si¢ do wigkszenia dobrego samopoczucia pacjentow i komfortu podczas sesji terapeutycznych.

Stowa kluczowe: okulografia, system dialogowy, interakcja cztowiek — komputer, systemy
multimodalne, psychiatria, komputerowe wspomaganie medycyny, terapia poznawczo - behaw-
ioralna, fiksacje, duze modele jezykowe, GPT, automatyczna ocena zaangazowania, brak kali-

bracji



Abstract

The subject of this dissertation focuses on using eye tracking to improve a spoken dialogue
system for therapeutic purposes. It was used during a pilot clinical trial, during which it was
tested on patients diagnosed with schizophrenia. Problems in dialogue flow were identified.
Solutions were found by using eye-tracking data.

Today, eye tracking is widely used in science and commercial applications in various fields
such as medicine, education, psychology, and marketing. Embodied conversational agents
(ECAs), which use eye-tracking data, are an example of an application in the field of human-
computer interaction that has received much attention in recent years. The key concept in
designing these systems is to use non-verbal behavior to collect information about users, rather
than relying purely on speech. To make the dialogue between the agent and the human more
realistic, these agents can be equipped with communication and expressive capabilities similar
to those observed in human interaction (e.g., speech, gestures, facial expressions, and gaze).
This can make the dialogue flow more naturally, and therefore, the systems can provide a more
realistic conversation with users. Especially when it comes to the digital mental health domain,
eye-tracking data might be helpful as an additional source of information during conversations
with patients.

The therapeutic spoken dialogue system, Terabot, was designed by a research team at the
Warsaw University of Technology (WUT), Faculty of Electronics and Information Technology.
It was designed with the aim of serving as an addition to the treatment of mental disorders
(e.g., depression, anxiety disorders). In order to verify the effectiveness of the system, it was
implemented at the Institute of Psychiatry and Neurology (IPIN) in Warsaw. A pilot clinical
trial was conducted, in which patients diagnosed with schizophrenia could talk with Terabot as
part of their ongoing treatment. Eye-tracking and audio data from dialogues between patients
and Terabot were collected during these sessions. The specifics of patients’ behavior during
conversations with the dialogue system were considered, and based on them, the performance
of the existing Terabot system was verified. Analyses of Terabot’s interface were conducted
to identify the areas of interest to patients, at which they mostly gazed while they concluded
their speaking. These results provided valuable information for designing a new, multimodal
version of the system: an LLLM-based, gaze-enhanced spoken dialogue system. It is capable of
responding to the patient’s behavior (indicated by gaze) during conversation. In addition, the
new system is based on large language models (LLMs), on one of the GPT models by OpenAl.
This approach made the new system scientifically and technologically more advanced. By using
the eye tracker (as opposed to the dialogue system without additional tools), the conversations
have adapted to the patient’s gaze behavior. This approach allows the conversation between the
patient and the dialogue system to be more natural and enables the system to handle situations
in which speech-only would set the whole dialogue on pause. In addition, eye tracking was

used to assess patient engagement in the dialogue.



Keywords: eye tracking, dialogue agent, human-computer interaction, multimodal systems,
psychiatry, computer-aided therapy, cognitive-behavioral therapy, fixations, gaze, large lan-

guage models, GPT, automatic patients’ engagement, calibration-free
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Chapter 1

Introduction

1.1 General background

Today’s societies are facing a severe mental health crisis. An increasing number of people are
struggling with anxiety and depression [1]. Unfortunately, there are not enough professionals
available to help. This is a significant issue because it is well known that mental health directly
affects one’s personal life and can result in work-related disability. On top of that, the number of
children and young people requiring mental healthcare has also increased in recent years. Many
of them face long waiting periods before receiving proper treatment. It is especially dangerous
when some of them deteriorate to a severe state of mental illness while waiting [2]. Researchers
concluded that globally, the number of children and young people (aged 10-24 years) affected
by depression and anxiety disorders increased over the years 1990-2021, accelerating signifi-
cantly from 2014 to 2021 and culminating in 2019 [1].

Research teams around the world are working to find effective solutions. Various aspects
of mental health are being investigated from different perspectives and research disciplines.
Table 1 shows the various technologies applied to the digital mental health domain such as
apps that use mindfulness techniques, focus on mood tracking, and provide psychoeducation;
chatbots that interact with users through conversation; and social robots that analyze users’
facial expressions so that their interaction is better suited to the user’s emotions.

Other examples of these solutions are studies of verbal and non-verbal behavior in hu-
man-human and human—machine interactions, focusing, for example, on the detection of de-
pression in speech signals, including those of children. There are also projects which concen-
trate on Parenting for Lifelong Health (PLH) programmes in low- and middle-income coun-
tries. These programmes aim to improve childcare in Southeast Asia, Eastern Europe, and sub-
Saharan Africa by addressing parental mental health. Other scientific fields investigate digital
mental health interventions with the aim of creating scalable, evidence-based eHealth solutions
for adolescents and students. There are also many other projects already in progress [4].

In 2025, a survey was published on the different delivery methods of interventions across



Table 1: Various digital technologies that can be used in mental health services, based on [3]

Natural .
Digital health . : , Supervised Robotics and
Virtual reality language Data Science Machine .
apps . . Sensing
processing Learning
Computer
Exposure Predicti vision (e.g.,
Psychoeducation P Chatbots Process mining redicting Facial
therapy outcomes .
expression
analysis)
. . Smart speakers Clustering / Psycho—
Mood trackin Simulation / speech digital Triagin, physiology /
g based training anfl tics hen§t . gmne Affective
y p yping computing
Semi-
automated Association
Mindfulness Emp gthy won i Social robots
machines digital analysis
counselling
Digital diaries Typed thera Time series F Em?\t/ilonal
g yp 197 analytics acesT imory
as

Peer support /
social
networking

Patient
management

various types of digital tools (see Figure 1) [S]. The aim was to explore the range of digital
mental health interventions available for young people (aged 16-25 years) with a strong focus
on digital tool types, modalities, delivery formats, etc. As can be seen, most solutions focus on
apps (45%), sometimes also with human support (43.1%). Another big group is represented by
web-based applications (33%), where again over half of them are supported by humans. The
graph indicates that chatbots are not common (only 5%). As will be further described in the
dissertation, this term is often referred to as a dialogue system with which humans can interact.
They are presumed to be only text-based (e.g., the Messenger application by Facebook). In
contrast, there are also other technological solutions, with a combination of, for example, text-
input and speech-output, or they may be entirely speech-to-speech based. The rise of artificial
intelligence (AI), has also led to it being introduced into the mental health domain. In [6],
the authors describe Al-based conversational agents from different countries; by 2023, 35 of
these agents had been identified as connected to the digital mental health topic. Some of the
main chatbots, dialogue systems, conversational agents, etc., will be described in detail in the
following chapters.

The development of a proposed solution for digital mental health has many benefits, but also
poses significant challenges. Many mental health apps are available, but most haven’t been
assessed or accredited by the relevant organizations and experts [3]; thus opinions on digital

mental health solutions differ. Nevertheless, one of the objectives of digital mental health solu-



tions is not to replace the work of professionals such as psychiatrists and psychotherapists [3],
instead, the objective is to develop tools that can help them, for example, by saving time. The
idea is to improve their work by enabling them to focus on tasks that cannot (or should not) be
replicated by any algorithm or machine, while at the same time allowing all other processes to

be automated.

Blended digital
and human s

Blended
and hurnan
(52.2%)

(55.8%)

Figure 1: Diagram showing types of delivery of interventions across different types of digital
tools (N = 135) [5]



1.2 Scope of this thesis

The thesis is stated as follows:
The use of eye tracking can improve a therapeutic spoken dialogue system.

The focus is on research conducted with Terabot, a spoken dialogue system, for therapeutic
purposes. It was designed by a research team of the Warsaw University of Technology (WUT),
Faculty of Electronics and Information Technology. This research was funded by the Center
for Priority Research Area Artificial Intelligence and Robotics of the Warsaw University of
Technology within the Excellence Initiative: Research University (IDUB) program.

Terabot was designed with the aim of serving as an addition to the treatment of mental dis-
orders (e.g. depression, anxiety disorders). The system is goal-oriented, meaning the main task
was to talk with patients about one of three emotions: anxiety, fear, or shame. At the end of
the conversation, a relaxation exercise was recommended to help calm the emotions. All of
Terabot’s answers were checked and approved by a professional (psychiatrist and psychother-
apist). Terabot’s dialogue sequence used elements of Cognitive Behavioral therapy (CBT) and
followed psychiatric recommendations (meaning Terabot’s utterances were based on CBT).

At the Institute of Psychiatry and Neurology (IPIN) in Warsaw, patients diagnosed with
schizophrenia could talk with Terabot as part of their ongoing treatment. During these conver-
sations, some unforeseen problems occurred, which paused the dialogue flow and sometimes
caused unintended patient discomfort. The following problematic situations were identified

when patients interacted with the dialogue system:

* Interrupting the patients’ answers by Terabot,
* Letting patients wait very long for Terabot’s response,
* Waiting too long for the patient’s answer,

* No non-speech related information about patient participation during conversation.

Those issues are described in detail in this dissertation. While patients conversed with Ter-
abot, audio and eye-tracking data were collected and analyzed. While investigating these dif-

ferent problems, the following research objectives were defined:

RO1: Investigating whether an eye tracker needs to be calibrated when used in a spoken dia-

logue system.
RO2: Analysis of areas of interest in the graphical interface of the dialogue system.

RO3: Enhancement of fluency of conversations with a dialogue system by using an eye tracker



RO4: Enabling automatic user engagement assessment while interacting with the dialogue sys-
tem.

I used the results of the collected eye-tracking and audio data to find solutions on how to
improve the therapeutic spoken dialogue system by using the eye tracker. Based on this ex-
perience, I designed a new, multimodal version of Terabot: an LLM-based dialogue system

enhanced with real-time eye tracking data. This system has already been tested on healthy
users.
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2019 (IF: 2.429; 140 points MNiSW).

2. K. Gabor-Siatkowska and A. Janicki, “Czy kalibracja okulografu w interfensie cztowiek-
komputer zawsze jest niezbedna?” in Konferencja Krajowego Srodowiska Tele- i Ra-
diokomunikacyjnego, Warsaw, 2022, Przeglad Telekomunikacyjny - Wiadomosci Teleko-
munikacyjne, ISSN 1230-3496 (20 points MNiSW).
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K. Gabor-Siatkowska, 1. Stefaniak, and A. Janicki, “A multimodal approach for improv-
ing a dialogue agent for therapeutic sessions in psychiatry” in Transforming Media Ac-
cessibility in Europe. Springer, 2024, pp. 397—414 (20 points MNiSW).

K. Gabor-Siatkowska, I. Stefaniak, and A. Janicki, “Beyond Words: Gaze-Enhanced
LLM-based Dialogue System for Therapeutic Purposes”, in the 32nd International Con-
ference on Systems, Signals and Image Processing (IWSSIP 2025), Skopje, North Mace-
donia, IEEE, 2025, pp. 1-5, (20 points MNiSW).

Apart from presenting my work at scientific conferences, I also had the chance to present

my achievements at international seminars and scientific events:

1.

Presentation of scientific results at an interdisciplinary, international seminar on the topic
“Media Accessibility in the Age of Artificial Intelligence” of European Cooperation in
Science and Technology COST action (CA19142) in Limassol, Cyprus (04.06.2024).

Presentation of the published chapter in the international book at the closing conference
of the COST (European Cooperation in Science and Technology) international action
(CA19142), with the aim of promoting access to media for people with disabilities in Eu-
rope. Book title: “Transforming Media Accessibility in Europe”, chapter title “A Multi-
modal Approach for Improving a Dialogue Agent for Therapeutic Sessions in Psychiatry”
(25.09.2024).

. Presentation of scientific results within the scope of the international Visegrad project

(Visegrad +) called “Al Apps Against Alzheimer in Central Europe (4ACEs)” in Bratislava,
Slovakia (17 — 18. 10. 2024).

. Presentation of scientific results within the scope of the international Visegrad project

(Visegrad +) called “Al Apps Against Alzheimer in Central Europe (4ACEs)” in Bu-
dapest, Hungary (20 - 21.01.2025).

Presentation of scientific results at the international conference “III International Digital
Mental Health and Wellbeing Conference” in Grenada, Spain (21-23.05.2025).

Seminar talk on the topic of “Multimodal interaction with Al Agents” for the Summer
School organized by Ss.Cyril and Methodius University of Skopje, North Macedonia (23
- 27.06.2025).



1.4 Participation in research projects

I have been involved in the following national and international projects. The research pre-
sented in the dissertation refers to the first of these projects (“Terabot: A dialogue system for

therapy poznawczo-behawioralnej”).

National:

1. Terabot - system dialogowy do terapii poznawczo-behawioralnej (SzIR-2, IDUB),
duration: 01.01.2021 — 30.06.2023:
The goal was to develop a dialogue agent targeting emotion recognition and management
in a group of patients on the schizophrenia spectrum (F20.0-F29.0). The dialogue agent
was used for a pilot randomised clinical trial with patients at the Institute of Psychiatry
and Neurology, Warsaw, Poland. The project was financed by the Warsaw University of
Technology from the Fund of Initiative of Excellence of the Research University (IDUB).

2. PayEye - Research and Development (Works for business entities), duration: 18.11.2021
—30.11.2021:
The project consisted of comprehensive testing of PayEye’s product - a payment terminal
using the user’s biometric features. It included preparing a test plan for the device with
identification based on iris features, supervising tests with a diverse group of volunteers
under varying conditions of use, and conducting a subsequent cross-sectional evaluation

of the results obtained. Funding institution: PayEye sp. z o.0.
International:

1. 4ACEs - AI Apps Against Alzheimer in Central Europe, duration: 01.07.2024 —
31.12.2025: Visegrad Fund (Visegrad +):
The 4ACE:s project brings together three leading institutions (Institute of Informatics, Slo-
vak Academy of Sciences (UISAV), Bratislava, Slovakia; Budapest University of Tech-
nology and Economics (TMIT), Budapest, Hungary; Warsaw University of Technology,
Warsaw, Poland) from the Visegrad 4 region with expertise in Al-based diagnosis and
treatment of neurodegenerative diseases, and INNOFEIT (Skopje, North Macedonia, lead
partner) with its expertise with innovation and development. The project will serve as a
framework for exchanging knowledge through on-site visits, workshops, training schools,
and conferences. Project financed by European institutions - Visegrad Fund - Visegrad +

Grants.

2. Digital Mental Health for Young People (YouthDMH), COST action (CA23153), du-
ration: 24.10.2024 — 23.10.2028, active member of Working Groups 1 and 4:
YouthDMH focuses on the role that digital technologies can play in supporting the mental



health needs of young people. It considers how technology can help mental health from
the point at which young people first become aware of the difficulties, through to the
delivery of large-scale, evidence-based interventions. The core aim is to maximize the
positive application of technology while mitigating the potential negative impact. COST
receives EU funding under the various Research and Innovation Framework Programmes,

such as Horizon 2020 and Horizon Europe.

. Leading Platform for European Citizens, Industries, Academia and Policymakers in
Media Accessibility (LEAD-ME), COST action (CA19142), 13.10.2020 — 12.10.2024,
active member of all Working Groups:

LEAD-ME will boost cultural change and create a new mindset when designing tools
for professional and private activities for European citizens of all abilities and disabili-
ties. COST receives EU funding under the various Research and Innovation Framework

Programmes, such as Horizon 2020 and Horizon Europe.



1.5 Other achievements

During my PhD, I completed a research stay, participated in various academic activities, and

was recognized with multiple awards:

1. Third-Class Team Rector’s Award, Warsaw University of Technology, for Scientific Achieve-
ments in 2022 - 2023 (2024);

2. Research Internship at the Technical University of Berlin (TUB), Germany - main focus:
conducting interdisciplinary research in the field of Human-Robot Interaction under the
supervision of Prof. Linda Onnasch, Professor of Psychology of Action and Automation
(May - June 2023);

3. Cooperation with the University of Warsaw in conducting laboratory classes, course:
“Biometric Identification of Identity” for Students majoring in Forensic Science (2022
-2023);

4. Finalist in the Three Minute Thesis (3MT) competition organized at the Warsaw Univer-
sity of Technology to popularize science. Speech topic: “Where psychiatry meets IT - a

multimodal dialogue agent for patient support” (December 2024);

5. Participation in the International Winter Training School on the topic of “Accessible Em-
bodied Interaction” in Lisbon, Portugal (16 - 17.03.2023);

6. Participation in the International Summer School on the topic “Cognitive Engineering” at
the Technical University in Berlin (Technische Universitit Berlin, 4 - 15.07.2022);

7. Winning 1st place nationally at the 15th National German Language Olympiad for Stu-
dents of Technical Universities, presentation on “Internet of Things - Moglichkeiten, Per-

spektiven, Zeitverwaltung” (2020).
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Chapter 2

Literature review

2.1 Mental health care as a global problem

Mental health problems can affect anyone and can have serious consequences in many areas
of life. It is known that mental illnesses are determinants of work role disability and quality of
life. In many cases, the impact of mental disorders is greater than that of common chronic phys-
ical disorders [7]. Studies from Harvard Medical School, based on the American population,
indicate that approximately half of all Americans will experience a mental health condition that
meets the criteria in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) at
some point in their life [8]. It has been indicated by comparable European studies that mental
health issues are also quite common, with a mental disorder being reported by around 25% of
people at some point in their lives (also based on DSM-1V criteria) [9].

Figure 2 shows the burden of mental illnesses, based on data collected from the whole world
and for Poland specifically. According to [11], the burden of disease is the largest and most
comprehensive effort to quantify health loss across places and over time. This parameter is
described as the impact of a health problem on a given population. It can be measured using
various indicators, which allow it to be compared between different areas (countries, regions,
etc.) It also enables future healthcare needs to be predicted [12]. It is a measure of the impact
of living with illness and injury and dying prematurely, defined in disability-adjusted life years
(DALYSs) per 100,000 people. Figure 2 shows that depressive and anxiety disorders are the two
leading mental health illnesses worldwide. These are followed by schizophrenia and bipolar
disorders. The numbers may differ regarding Poland-specific data (from the year 2021), but
still, again, anxiety and depressive disorders are leading among mental illnesses, followed by
schizophrenia and bipolar disorders.

When it comes to children and young people, researchers concluded that the number of
people affected by depression and anxiety disorders had increased over the years between 1990
and 2021 [1]. This increase accelerated significantly between 2014 and 2021. Although the

growth rate of male depression was steeper, the burden was consistently higher in females.
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Figure 2: Burden of mental health diseases (2021) worldwide and in Poland [10], where d —
disorder

The fastest increases in depression and anxiety were observed in the 10-14 and 20-24 age
groups, respectively [1]. By 2022, the percentage of adults in European countries at risk of
depression was about 55%. The highest numbers were found in Poland, Greece, and Cyprus,
where approximately 65% of adults were affected [13].

According to the World Health Organization (WHO), the state of mental health services is a
significant problem. These services are often underfunded and poorly developed. In many coun-
tries, people with severe mental health conditions are unable to access the care they need. The
estimation is that there are regions where up to 90% of them receive no treatment at all [14].
In March 2025, the WHO launched new guidelines to help countries reform and strengthen
their mental health systems. These guidelines provide a framework for setting up modern,
community-based services supported by the latest research and aligned with international hu-
man rights standards. The goal is to provide accessible, high-quality, respectful mental health-
care to all [15].

A WHO report states that around 24 million people worldwide (1 in 222 people worldwide)
are living with schizophrenia, experiencing symptoms such as hallucinations, delusions, and
distortions of speech and thought [16]. It is also estimated to be the 10th most widespread
non-fatal disease worldwide [17,18]. As this is an incurable condition, patients require ongoing
management through medication and psychotherapy. However, due to the associated costs and
the insufficient number of specialists, there is a need to develop additional methods to support

these patients and improve their mental well-being.
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2.2 Dialogue (conversational) agents

2 3

In the literature on dialogue systems, the terms “dialogue agent”, “‘conversational agent”,
“dialogue system”, and ‘““chatbot” are used interchangeably. They are all described as a system
capable of engaging in human-like social conversations. Some research papers on the system’s
architecture, functionality, or purpose try to highlight their differences. An example of one def-
inition [19, 20] is that chatbots are described as machine agents that serve as natural language
user interfaces for data and service providers. It is explained that chatbots are typically designed
and developed for mobile messaging applications. Different from chatbots that communicate
via text, spoken dialogue systems have to be highlighted. They are developed to carry out con-
versations with users using spoken language [21]. Generally, one can state that all these phrases
refer to software systems that mimic human dialogue with users [22]. Sometimes conversa-
tional agents (CAs) are also referred to as virtual agents [23,24], or digital assistants [25]. A

few examples of these assistants that are well-known from the industry include:

e Siri by Apple!,

Alexa by Amazon?,

Google’s Assistant?,

Bixby by Samsung®*,

Celia by Huawei’.

In recent years, research in computational linguistics, multimodal interfaces, computer graph-
ics, and autonomous agents has led to the development of even more advanced dialogue sys-
tems: Embodied Conversational Agents (ECAs). These agents can mimic human behavior in
face-to-face conversations. One way in which this is demonstrated is through their ability to
recognize verbal and non-verbal signals. [26]. These sophisticated systems have been designed
and built for a wide range of different purposes, some of which include: banking, client ser-
vices, human resources management, education [27]. Advances in natural language processing
(NLP), speech recognition, machine learning, and Al have made conversational agents increas-
ingly available. Additionally, dialogue systems have also been applied in the field of medicine
and digital mental health with a variety of approaches.

Depending on their aim, two types of dialogue systems are described in the literature, mainly
non-task-oriented dialogue systems and task-oriented systems. The non-task-oriented sys-

tems aim to provide conversations with the user on open domains with no specific task to

Thttps://www.apple.com/siri/, accessed July 16, 2025.
Zhttps://www.amazon.com/Meet-the-new-Alexa/dp/BODCCNHWYVS, accessed July 16, 2025.
3https://assistant.google.com/, accessed July 16, 2025.
“https://www.samsung.com/us/apps/bixby/, accessed July 16, 2025.
5https://consumer.huawei.com/en/emui/celia/, accessed July 16, 2025.
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accomplish. Such systems are designed to mimic the long, unstructured conversations that
characterise human-human interaction [28]. In the studies [29, 30], the authors explain that
non-task-oriented systems are implemented using either generative or retrieval-based methods.
Retrieval-based methods use response selection algorithms to select an appropriate response
from a repository of answers for the current conversation. In contrast, generative models can
generate more correct answers than could ever have appeared in the corpus. The task-oriented
systems are designed to complete specific user tasks. Typical examples of their aims could
be finding products, booking accommodation, or restaurants [30]. Today’s commercial sys-
tems can sometimes incorporate aspects of both of these approaches. Industrial chatbots (e.g.
ChatGPT) can engage in longer, unstructured conversations, while digital assistants (e.g. Siri,
Alexa) are typically frame-based dialogue systems [28]. This dissertation includes analyses of
dialogues with Terabot, a goal-oriented spoken dialogue system designed for use in psychiatry.

It is explained in detail in Chapter 3.1.

2.2.1 Main components of spoken dialogue systems

-

~

Automatic Speech | | .| Natural Language |,  Dialogue State
D Recognizer Interpreter Tracker
P B
(( Text-To-Speech Natural Language Dislogue
— : Response
Synthesizer Generator ,
Selection

N

Figure 3: Illustration of a basic structure of a speech-to-speech dialogue system proposed by
Serban et al. [23]

Dialogue System

A key aspect of developing conversational systems is designing a dialogue management
component that enables intelligent and engaging conversations [31]. One of the most common
approaches to these systems is to treat them as a pipeline, which processes the inputs (words) of
the user. Figure 3 shows an example of how a spoken dialogue system is composed [23]. In the
case of speech-to-speech dialogue systems, the first component is an Automatic Speech Recog-
nizer (ASR), then comes the Dialogue System itself, and finally a Text-to-Speech Synthesizer
(TTS). Other systems (which are only text-based) do not have the speech synthesis components.

Each component is a vast area of computer science with many different scientific approaches.
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For this reason, only a brief description will be given in this dissertation. The aim of an ASR
system is to take acoustic input from the user (via a microphone), to analyse it (usually using a
pattern/model/algorithm), and to give an output (typically text) [32]. In simple words, an ASR
converts recorded/detected voice into written text. In principle, it can be said that ASR systems
use a combination of signal processing techniques to recognize the speech signal. The next step
is then applying machine learning techniques and statistical modeling; they are used to match
the speech signal to the corresponding words and phrases. The result is the production of a
text representation of the spoken audio. Different classifications can be made when it comes
to errors in ASR systems, which may significantly impact the behavior of a dialogue system
or the dialogue flow. As the dissertation topic concerns dialogue systems, I have decided to
present the following distinction, which might be relevant to the subject. Authors Halverson et
al. [33] propose this differentiation in errors in ASR systems: direct, indirect, and intent. Direct
errors are those that occur when a person misspeaks or stutters. Indirect errors arise when an
ASR system misinterprets the speaker’s input. Intent errors, on the other hand, happen when the
speaker decides to repeat what has just been said. Apart from implementing this ASR approach,
different services can be used in practice. The most commonly used are the solutions offered
by Google Cloud Speech-to-Text, OpenAl Whisper API, and Microsoft Azure Speech Service.
Another key area for dialogue systems is intention detection, since it is important to correctly
identify the user’s goal or motivation. The aim of TTS modules is to convert strings of text
characters into spoken output. In practice, a variety of services can be used to implement a TTS
approach.

The main core, meaning the Dialogue System itself, has several parts all connected to the

Natural Language domain, which are:

1. Natural Language Interpreter: the role is to interpret the received utterance provided by

the user and parse it into the next module;

2. Dialogue State Tracker: it aims to manage the history of the input and the dialogue and

to define the current state of the dialogue;

3. Dialogue Response Selection: depending on the previous module, it is responsible for the
selection of the response;

4. Natural Language Generator: based on the previously gathered information, the aim is to

generate a valid response.

Figure 3 shows the main components of a spoken dialogue system, which was proposed in
2017 (before the development of large language model (LLM) based dialogue systems). Using
LLM:s is a more modern approach that will be described in Chapter 2.2.3.
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2.2.2 Dialogue systems applied in the domain of digital mental health

To solve problems in digital mental health, researchers are trying to integrate conversational
agents into this domain. In the last few decades, there has been much evidence of the poten-
tial benefits of using Embodied conversational agents (ECAs) for healthcare purposes. Due to
the expanding possibilities of using Conversational Agents they have started to gain attention,
especially when it comes to the topic of mental health and psychiatric diseases. CAs are rel-
atively cost-efficient and easily accessible. Such a solution has been explored for many years
with different approaches, with the main aim of improving the health of people struggling with
mental health problems or diagnosed with mental illness [18]. Depending on the purpose of the
CA, they have different target users or aims, e.g., assisting clinicians during therapies (conver-
sations), or assisting patients and/or caregivers of older people in their everyday life [34, 35].
There are many scientific reports on different areas where CAs can be successfully used to
benefit patients. In one of the existing review articles [6], Al-based CAs are described from
other countries. A summarization of the findings shows that by 2023, there were 35 existing
CAs connected to the digital mental health topic. They (and others developed by now) can be

divided into different categories depending on:

* the target condition of the users/patients — e.g., broad (psychological well-being, anx-
iety, problem distress, diabetes-related distress, emotional support) but also some in par-

ticular, for example, breast cancer, PTSD, etc.;
« the interaction mode of the CA - is it text-based, voice-based, multimodal;
* the delivery platform of the CA — mobile app, website, robot, VR etc.;
* the target users —mothers, employees, students, diagnosed patients, etc.;

¢ the therapeutic approach provided — CBT, mindfulness, self-compassion therapy, person-
centered therapy, etc.

* others — e.g. target country, study type.

Another category would be the description of the core of the CA (how the responses are gen-
erated). For example, is it rule-based, including neural networks, artificial intelligence, or large
language models? Despite the different architectures, target groups, and handled topics, there
is no doubt that conversational agents can provide an engaging way of getting psychological
support at any time when it is needed [36]. Numerous conversational agents have been devel-
oped in the digital mental health domain, both in research and commercially. However, only a
selected subset will be discussed in this dissertation. Following are several examples along with

the relevant information and available details.
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ELIZA

One of the first CAs used for psychological therapies is called ELIZA [37]. Joseph Weizen-
baum at MIT developed this text-to-text chatbot in the 1960s. It was an early NLP program to
simulate a conversation between a human and a computer. Back then, the conversations between
users and ELIZA had to be done with the help of a typewriter. When it comes to the core of
ELIZA, it worked through several key mechanisms, e.g., keyword identification with ranking,
text transformation based on rules, and fallback mechanisms for when no keywords were found.
The paper stated that the program provided conversations as a person-centered psychotherapist
(Rogerian psychotherapist) would do. This approach had a significant advantage: there was no
need to store information directly related to the real world (e.g., background information about
boats when the user was talking about going for a boat ride). ELIZA was seen as helpful since
the author mentioned ““it has an important psychological utility in that it serves the speaker to
maintain his sense of being heard and understood.” [37]. Following this work, more and more

research has been done on conversational agents with psychological uses.

Woebot

Meet Woebot Use effective tools Discover patterns
Your self-care expert designed by experts in your mood

Master skills to reduce
stress and live happier

Figure 4: Snapshots of the Woebot conversational agent (chatbot) on a mobile phone [38]

Another conversational agent worth discussing is Woebot, which is shown in Figure 4. In
this case, it was successfully employed for young adults in therapy for anxiety and depres-
sion [36]. This conversational agent was non-embodied, text-based, and provided dialogues in
English. Regarding the core of Woebot, the authors claim that different computational methods
were used depending on the section or feature. The main method used was a decision tree with

suggested responses for Woebot’s utterances. Also, NLP techniques were embedded at specific
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points in the tree to guide the conversations to the appropriate next steps [36]. The research us-
ing Woebot was conducted on young adults, students of Stanford University, who self-identified
as suffering from symptoms of anxiety and depression. Then, based on interacting with Woebot
for two weeks, they conversed with Woebot. The dialogues with Woebot were conducted using
an instant messenger application on a mobile device or desktop application. Each conversation
between Woebot and the user was about the user’s general well-being on that day and the par-
ticipant’s mood. After collecting these data, CBT concepts were presented to the participant
as short videos or simple word games. The aim was to explain cognitive distortions that might
occur. The results of the study showed that, because of these conversations, the symptoms of de-
pression and anxiety could be reduced. Woebot is a conversational agent that delivers elements
of CBT engagingly and effectively to the participants. It gained many successes (both scientific
and commercial), e.g., receiving ‘FDA Breakthrough Device Designation’ for its postpartum
depression digital therapeutic, WB0OO1. Until recently, this application could be used for free by
every Messenger user, but a decision has been made that as of June 30, 2025, the chatbot will
be retired by the company Woebot Health [39].

Tess

Figure 5: A snapshot of the Tess conversational agent (chatbot) on a mobile phone [40]

Another conversational agent is called Tess, as shown in Figure 5. The authors claim that it

is Al-based and offers cognitive behavioral therapy elements to its users [41]. It was designed
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to relieve self-identified symptoms of depression and anxiety in college students. The study
reports that 75 participants were recruited from 15 universities across the USA. Designed by
the company X2AlI Inc., Tess provides brief conversations through integrated support, psychoe-
ducation, and reminders. Tess is text-based; it can be integrated into existing communication
applications, e.g., Facebook Messenger and Slack, but only via SMS. Tess is described as an
adjustable platform that allows content to be altered to a specific form of the user’s treatment
or demographics. For instance, it has been adapted to deliver interventions to reinforce weight
management goals in adults with pre-diabetic symptoms [42]. The results show that students

who used Tess had experienced a significant reduction in depression and anxiety [43].

Wysa

Figure 6: A snapshot of the Wysa conversational agent (chatbot) on a mobile phone [44]

The next conversational agent described here is Wysa (a snapshot is presented in Figure 6).
This text-based chatbot is available in a mobile application (available for the Google Play Store
and the Apple App Store). It comes with other supporting functionalities that the app provides
(e.g., booking a session with a real psychotherapist, taking part in relaxation exercises, getting
information about emotions, and sleeping habits). Wysa aims to reduce symptoms of depression
and anxiety (helps users with self-reported symptoms of depression based on the Patient Health
Questionnaire — 9). Additionally, it helps to minimize pain interference and improve physical
function. It is important to mention that the chatbot is always available and free. The authors

claim that Wysa utilizes Al elements, but no other information is provided on what exactly is
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used [45]. The study analyzes high-engaged and low-engaged users by analyzing in-app user
feedback. The study outputs are promising. Findings show that the users with high engagement
with the application experienced a higher average improvement in their well-being compared
with the low engagement users group. It is worth mentioning that in 2022, the US Food and
Drug Administration (FDA) granted a Breakthrough Device Designation for Wysa’s Al-based

digital mental health conversational agent [46].

Fido

A fairly recent article [47] describes a Polish-language text-based chatbot named Fido. This
chatbot was integrated into Facebook Messenger, as the authors explain. The selected partici-
pants were added as testers to Meta’s development website, where they could access the chatbot
via links sent in individual emails. Fido provides psychoeducation about depression and anxi-
ety. It also suggests gratitude exercises. The description of the core of this chatbot states that
intent recognition was possible using machine learning models (no further details are given).
Fido was implemented by Emplocity and runs on NLP technology provided by this company.
The study shows that it was tested on people with anxiety and depressive behavior. In terms
of results, the authors claim that exploratory analysis showed a decrease in loneliness among
participants who used Fido more frequently. They also showed that participants’ depressive and

anxiety symptoms were reduced.

SchizoBot

Finally, SchizoBot represents a chatbot specially designed for patients with schizophre-
nia [18], but has not yet been tested on patients. SchizoBot is described as a text-based and
Al-based mental health application to provide CBT therapy and support to patients diagnosed
with schizophrenia by chatting with them. The study received ethical approval in 2022. The
authors claim that it uses artificial neural networks (ANN) to analyze collected data and pre-
dict the outcome of SchizoBot’s utterances. In the architecture, elements of machine learning
techniques and deep learning methodologies were incorporated. The dataset of this conversa-
tional agent was collected from journals from PubMed, questions posed on the NCBI website
by patients diagnosed with schizophrenia, and the ISEAR dataset (which contained data on
seven emotions). The authors further processed the data; their findings describe the ANN ar-
chitecture, the training, and hyperparameter optimization in detail in their findings [18]. This
conversational agent is a retrieval-based model with predefined patterns and responses, offering
personalized CBT conversations. The paper does not contain information on whether SchizoBot
has been tested on patients with schizophrenia or evaluated by them in any way. Despite that, it

shows promising implications for the domain of digital mental health.
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10198

Figure 7: A snapshot of the Therabot conversational agent (chatbot) on a mobile phone [48]

Therabot

A recent report shows another (text-to-text) chatbot, named Therabot [49]. Figure 7 shows a
sample dialogue of this chatbot. The authors claim that it has a generative Al expert-fine-tuned
component for dialogue management. The chatbot was tested in a randomized, controlled trial
with 210 adults having symptoms of depression, anxiety, or a risk of eating disorders. The par-
ticipants took part in either a four-week intervention (the group that interacted with the chatbot)
or were assigned to a waitlist control; they received no app access during the study period but
gained access afterwards. As the results show, the Therabot users experienced reductions in
all of their symptoms (depressive, anxiety, and eating risk disorders). They used Therabot on
average for more than six hours during the study. The participants rated the therapeutic engage-
ment as comparable to that of human therapists. There is a high chance that more reports on
conversational agents, especially using Al or generative Al components, will be published in
the near future. This indicates that there is a large research gap in the field of digital mental

health, and at the same time, there is a high demand for such technological solutions in society.

2.2.3 LLM-based solutions for psychological well-being and mental health

Large language models (LLLMs) are a class of large-scale artificial intelligence models, with
billions of parameters [50,51]. These LLLMs can learn complex and accurate language repre-

sentations. This improves their performance in NLP, particularly in natural language generation
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tasks [50,52]. The development of generative Al in recent years has opened up new possibilities
for developing mental health solutions, especially regarding dialogue systems. LLM-based con-
versational agents and chatbots are gaining more and more attention in mental health care. They
are likely to be better at handling complex information — they can give personalized, flexible,
and helpful responses to specific mental health needs [6].

Studies have already been conducted on how to make LLLMs suitable for a variety of tasks
in the field of psychological well-being. For example, studies describe how LLMs have been
used to guide people in making important decisions [53] or providing relationship advice [54].
One such example is Socrates — a personalized chatbot that has been developed on the ChatGPT
platform. Fine-tuned to support psychological well-being, it promotes open and self-reflective
conversations [55]. The research paper explains that the system’s functionality draws upon a
carefully selected repository of knowledge from psychological, psychotherapeutic, and philo-
sophical texts, which is integrated into its design. Research has been carried out into the effec-
tiveness of LLMs in providing mental health support. One example of this is when responses by
LLMs were evaluated against human responses, it was found that they demonstrated more em-
pathy and helpfulness when responding to relationship or general health-related questions [56].
In recent research, a study also describes when GPT-4 was prompted to act as a therapist. In
this case, it demonstrated competence, empathy, and therapeutic capacity when providing one-
on-one therapy to individuals seeking assistance with relationship problems [54]. There are
already comparisons published discussing different mental health chatbots (based on LLMs)
that differ not only by category (e.g., depression, anxiety, stress, suicidal thoughts), but also by
target groups (e.g., mothers, college students, workplace employees) [57]. These approaches
indicate the potential for using LLMs to assist human therapists in their work.

Despite the benefits of using LLLM-based dialogue agents, researchers must be aware of the
probability of giving an inappropriate response to the user. The risks of LLMs used in chatbots
for therapeutic purposes should be considered. These chatbots should be designed with regard
to crucial mental health guidelines. According to the magazine “The Brussels Times” [58], in
March 2023, a Belgian man committed suicide as a result of following exchanges with a chatbot.
He was faced with eco-anxiety, so he reached out to talk to an LLM. It was a chatbot powered
by GPT-J, an open-source artificial intelligence language model developed by EleutherAl. Fol-
lowing six weeks of in-depth discussions, he ended his own life. Mathieu Michel, Secretary of
State for Digitalization, commented on this with the following statement: “With the popular-
ization of ChatGPT, the general public has discovered the potential of artificial intelligence in
our lives like never before. While the possibilities are endless, the danger of using it is also a
reality that has to be considered”. This incident clearly shows an urgent need for researchers to

investigate and further develop LLMs’ safety guidelines, especially for mental health purposes.
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2.3 Eye tracking

Eye tracking is a technology used to observe and analyse how a person looks at an object.
The aim of measuring and analyzing eye movements is to gain insight into the attentional be-
havior of the viewer. Additionally, the observer’s visual attention path can be followed [59,60].
Eye trackers use infrared light technology with a high-resolution camera (or other optical sen-
sor). Most of them use the near-infrared (NIR) light spectrum with the light wavelength X in
the range of 0.8 — 2.5 ym [61].
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Figure 8: Schematic representation of the eye tracker workflow [62]

It is important to note that most commercial eye-tracking devices are based on an infrared
illumination approach. However, there is also research into appearance-based systems that
use webcams instead of infrared light to extract and track eye features on the detected face
area of the user. This kind of eye-tracking approach is often used in remote testing (from the
participant’s home or work). This approach comes with a big disadvantage: poorer accuracy
than commercial near-infrared eye trackers. In a remote session, participants often move their
heads and/or their computers, which can hardly be controlled and decreases the accuracy of
webcam-based eye tracking. What is also important to mention is that the sampling rate used
in the webcam-based approach for gaze location is relatively low, greatly influencing the data

analysis that can be performed afterwards [63].
* Eye-tracking devices — design

There are several different types of eye-tracking devices commonly produced in terms of

their design. Most of them can be divided into three main groups [68]:

23



Figure 9: Example of a stationary eye tracker model: Tobii Pro X2-30 by Tobii [64]

Figure 10: Example of a stationary eye tracker, model: EyeLink 1000 Plus by
EyeLink [65, 66]
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Figure 11: Example of eye-tracking glasses (mobile eye tracker), model: Pupil Neon by
Pupil Labs [67]

Figure 12: Example of an integrated eye tracker into an AR/VR system: Pupil Labs
integrated into HIVE VIVE VR system [65]

25



* stationary eye trackers, also called remote or screen-based eye trackers (see Figure 9 and
Figure 10);

* mobile eye trackers, also called wearable or eye-tracking glasses (see Figure 11);

* integrated or embedded systems in augmented/virtual reality devices (see Figure 12).

The main difference between the three is where the equipment is located during eye tracking.
Wearable eye trackers, or eye-tracking glasses, are worn on the participant’s head. The same
applies to integrated eye tracker devices in augmented/virtual reality devices. On the other
hand, stationary eye trackers are entirely non-invasive and contact-free. They are positioned at
a certain distance from the user. These distances are specified in the device manual (for the
Gazepoint GP3, for example, this is approximately 50-100 cm). From a scientific and practical
perspective, the choice depends on the purpose and features of the research environment in

which the eye tracker will be used.

2.3.1 Technical parameters of eye trackers

Measured eye behavior

i
™™ T -
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Figure 13: Sampling frequencies and the corresponding data parameter measurement [69]

The sampling rate is considered to be one of the most important features of an eye tracker
(measured in Hertz [Hz]). It is the number of samples of a specific parameter collected during
one second. According to [63] and looking at available devices offered by different eye tracker
companies, the sampling rate varies from 25 - 2000 Hz. The purpose of the eye tracker (or
the research study in which a specific device will be used) predefines the sampling frequency
that should be chosen. One of the producers of eye-tracking devices, Tobii, proposed an easily
interpretable graph (presented in Figure 13). The graph indicated the parameters that can be

collected during an eye-tracking session and the corresponding sampling frequency [69].
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In general, it is considered that sampling rates above 250 Hz are required for research mea-
suring saccades (e.g., their speed) [63]. An older research article [70] reports that a sampling
frequency of at least 300 - 400 Hz allows the most accurate evaluation of the maximum velocity
of saccades. Saccades can be of interest to research fields like medicine, e.g., neurology, for

early detection of neurodegenerative diseases (e.g. [71,72]).
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Figure 14: Illustration of accuracy and precision of an eye tracker [73]

Regarding the quality of the data an eye tracker collects, two critical parameters should
be discussed: accuracy and precision. Accuracy can be described as the average difference
between the recorded and actual fixation positions. This is measured in degrees. Ideally, this
parameter would be as small as possible, but this is not practically achievable. According
to [63], this parameter is usually between 0.5 and 1 degree. This one degree corresponds to
approximately 1.3 cm on a computer screen when the distance between the eye tracker and the
screen is about 69 cm. Other research papers (e.g., [74]) also report that, particularly for remote
eye trackers, the difference between the actual gaze point and the measured point is often larger
than one degree, even in controlled environments. It is also important to note that the accuracy
values described in different eye tracker manuals are measured under ideal conditions, meaning
that the participant does not wear glasses and has performed the calibration ideally before using
the device. It should be noted that these perfect conditions are not always feasible in practical
applications involving real-life experiments. This is why the actual accuracy error may be
slightly higher.

The precision of an eye-tracking device is a parameter that indicates how accurately a spe-
cific measurement can be reproduced. In an ideal scenario, the eye tracker should report the
exact location of the user’s eye in two consecutive measurements, assuming the user’s eye re-
mains in the same position. Once more, this cannot be achieved, for example, due to the human

eye’s nature (micro eye movements). Precision values for eye tracker devices range from 0.01 to
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1 degrees. It results from the root mean square of the distance between two subsequent samples.
However, it should be noted that the precision values reported by eye tracker manufacturers in
their manuals result from using a motionless artificial eye. Therefore, in practice, the precision
value will also be higher than reported. Figure 14 summarizes these two parameters and may

give a better indication.

Eye-tracking data including saccades and fixations

The authors Just, Carpenter et al. [75] explained that eye tracking is based on an eye-mind
hypothesis. They claim that the location of a fixation indicates the area of interest (when look-
ing at a visual display and performing a task). Other researchers describe this hypothesis in
different words, meaning that gaze position is typically associated with what a person is cur-
rently thinking about (especially when there is a goal in mind) and what this person is currently
paying attention to [63]. Sequences of fixations and saccades guide human perception. This hy-
pothesis indicates the two main parameters that can be collected during eye-tracking sessions:

saccades and fixations.

Fixation

Saccade

Saccade
Saccade

Fixation

Figure 15: Illustration of saccades and fixations and microsaccades [76]

Saccades are fast movements of the eyes occurring from one point of interest to another
(which are fixation points). Their range in amplitude depends on the task: from small, e.g.,
while reading, to larger, e.g., when gazing around a room. Because of the rapid movement
during a saccade, the image on the retina is of poor quality, so information is mainly taken
during the fixation period [77]. Saccades last on average between 20 and 40 ms. They can
be divided into those that are triggered voluntarily or involuntarily. The saccade latency can
be defined as the time required to formulate a saccade plan, depending on the specific task
(typically ranges from 100 to 1000 ms). Once the eye has started moving, the endpoint of
a saccade cannot be changed. Blinks can be estimated indirectly, from data loss in the pupil
diameter signal (providing information about blink rate and duration), or directly, from the eye
openness signal. According to [77], saccades are the fastest movement the human body can
produce.

Fixations occur when the eyes stop scanning the scene and focus on a specific area of the
field of vision. This enables the brain to process detailed information about what is being

observed. According to [77], fixations last between 50 and 600 ms. In practice, they are usually
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analyzed by their location (i.e., what is being fixated on) and by computing their frequency and
duration on an area of interest (AOI).

Micro eye movements occur because the eye is not entirely still during one fixation. These
small displacements of the eyeballs ensure that vision does not fade during fixation. There
are three classes of them: tremor (the smallest with low amplitude and high frequency; often
overlaps with drift; their role is not yet clear), drifts (slow, irregular movements of the eye that
occur during the epochs between microsaccades [78]); microsaccades (the largest; they quickly
bring the eye back to its original position). Human perception is considered stable despite the
presence of fixational eye movements [79].

Blinks are a natural reflex that keeps the eyes lubricated and protects them from irritants like
dirt and dust. Blinking is also a form of protection against bright lights and potential injury. On
average, most blinks last between 150 and 400 milliseconds. The eyes close fully for around 50
milliseconds during that blink. Blinking can be voluntary, involuntary, or reflexive (in response

to external stimuli). According to [77], the frequency of blinks varies according to age:
* Fetuses: less than three blinks per minute,
e Children: six to eight blinks per minute,
e Adults: around 20 blinks per minute.

In practice, blink rate and duration can be estimated indirectly from data loss in the pupil di-
ameter signal or the eye openness signal [80]. In general, three main groups of eye-tracking data
can be collected in eye-tracking studies; these are shown in Table 2. Other parameters collected
during eye-tracking studies include pupil diameter, number of blinks, blink duration, time to
first fixation, and many others. It is important to note that the choice of a particular parameter
to collect during a study and its analysis always depends on the purpose of the experiment.

Different research areas and topics require different parameters to focus on and analyze.
The use of such eye-tracking devices applies in a variety of different areas, including usability,
marketing, advertising, industrial engineering, human factors and ergonomics, neuroscience,
psychology, psychiatry, and psycholinguistics, not to forget computer science [59]. They are
useful for understanding reading, scanning, and visual stimuli processing through information
collected from eye movements [81]. The capabilities and applications of eye tracking are vast
and expanding as new applications are created and developed. Some brief examples are seen
in psychology when analyzing emotions, the important parameter would be pupil size (when
different stimuli are presented to the participant); in medicine (neurology), where eye track-
ing can be used for early diagnosis of psychiatric and neurodegenerative diseases. There the
focus would be on saccades and related parameters [71] and micro eye movements (e.g., mi-
crosaccades [72]). Another example is the output data from eye tracking can be used as an
input to algorithms that are an important part of the HCI domain. Chapter 2.3.2 describes these
applications in more detail.
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Table 2: Eye-tracking parameter groups and their description, based on Gazepoint GP3
manual

Parameter Group Description

Fixations: number, duration, X/Y-coordinates of the fixation on the
Eye Movements screen (FPOGX/Y)

Saccades: number, duration, direction, magnitude

) Identifier of a blink
Blinks
Duration of the blink (ms)
Right pupil size (in mm or pixels) (RPMM)
) Quality flag of the right pupil — valid or not valid (RPV)
Pupils

Left pupil size (in mm or pixels) (LPMM)
Quality flag of the left pupil — valid or not valid (LPV)

2.3.2 Eye tracking in Human-Computer-Interaction

For some years, eye trackers have also been used in human—computer interaction with ECAs
being an example of this application. Contact is established with humans through speech and
non-verbal behavior [82, 83]. Since dialogue systems need to become more trustworthy, these
ECAs should be equipped with communicative and expressive abilities similar to those we
know from human-to-human interaction (speech, gestures, facial expressions, gaze, etc.) [83].
The eye-tracking data collected from humans during such dialogues is then used to support or
control conversational agents. Some examples of dialogue agents that take into account the

participant’s eye-tracking data are:

* Gandalf, a humanoid agent that can narrate planets and moons [84];
* Emma, the interactive storyteller [83];

* adialogue agent that interacts with seniors [85].

There are also studies about collecting eye-tracking parameters characterizing a person’s
emotional state [86] and level of concentration [87]. Various approaches and enhancements in
the quality of human-computer interaction aim to make it more natural. As a result, dialogue
agents can interact more authentically with people. This is a clear example of how multimodal
approaches in dialogue agents can create an engaging user experience. A special case of di-
alogue agents using eye-tracking data as additional input is attentive user interfaces (AUISs).
They can be described as user interfaces sensitive to the user’s attention. These AUIs use extra
channels of input that measure characteristics of the user’s attention (e.g., user presence, speech

activity, gaze) [88]. These systems can determine the urgency and relevance of the information
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or actions they offer (in the context of the user’s current activity) [88]. What is important is the
monitoring of the user’s attention during the interaction with the system. Based on this informa-
tion, the system can adapt and give context-based options to the user. This makes the interaction
more suitable for the current user’s behavior/information state. Some AUIs can, for example,
gather information from the users’ gaze behavior about their cognitive state [89]. In some re-
search papers, eye tracking is considered the most relevant attentive input technique [88], so
gaze is regarded as the primary input modality for attentive user interfaces [89]. Knowledge of
the user’s gaze position plays an important role for AUIs; gaze data can provide helpful infor-
mation about the context of the user’s action. The system can further use this information to
actively adapt the user’s information state/behavior. In the research paper [90] it is suggested:
“To design less intrusive and more sociable interfaces, we suggest augmenting computing de-
vices with attention sensors that allow them to prioritize their demands for user attention.”.
The authors also introduced five key components of an appropriate AUI as a framework for

augmenting user attention [91]:

* Sensing attention: AUIs can determine which device/person/task a user will most likely
be engaged with by tracking the user’s physical presence, body orientation, and eye fixa-

tions.

* Reasoning about attention: interfaces can estimate the priority of user tasks by statisti-

cally modeling simple interactive user behavior.

* Communication of attention: AUIs should provide information about the user’s atten-
tion to other people/devices. Communication systems should provide information about

who/what the user focuses on and whether the user is available for communication.

* Gradual negotiation of turns: it is advisable that interfaces should determine the avail-
ability of the user for interruption. Firstly, they should check the request priority, then
they can signal the request on a peripheral channel. Ultimately, they should detect the

user’s acknowledgment of the request before taking the turn.

* Augmentation of focus: the ultimate goal of all AUISs is to increase the user’s attention.
For example, analogous to the cocktail party phenomenon, AUIs can enhance information

that the user is focusing on and reduce surrounding details.

The authors also pointed out that when designing AUIs, it is important to treat user attention
as a limited resource. In human conversations, people can only listen to and absorb one person’s
message at a time, as is well known from social psychology [92]. Attention should be seen as
a central channel for interacting and developing social ways of communicating [91]. In the
literature, a parallel is drawn between an AUI and the modern traffic light system [88,91]. With
the great potential of AUISs, researchers have also pointed out the problems associated with

this topic: the application should not react every time the target of the gaze changes, but only
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in appropriate situations and at the right time. This is known in the literature as the “Midas
touch” problem. Bad design of an AUI system can create interruptions that are intrusive and
annoying when they do not follow reasonable conventions for control flow. While humans are
good at recognizing when the gaze requires action, for systems, these situations can be a major
challenge [93]. To the best of my knowledge, there is a research gap, where there is no evidence
of a dialogue agent enhanced using eye tracking and conversing in the Polish language. This

dissertation aims to fill in this gap.
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Chapter 3

Terabot system

3.1 Terabot — a RASA-based dialogue system in the Polish

language for patients with psychiatric disorders

Terabot, a therapeutic spoken dialogue system operating in the Polish language, was de-
signed by a research team at the Warsaw University of Technology (WUT), Faculty of Electron-
ics and Information Technology. This research was funded by the Center for Priority Research
Area Artificial Intelligence and Robotics of the Warsaw University of Technology within the
Excellence Initiative: Research University (IDUB) program. The aim of the dialogue system
was to help patients diagnosed with psychiatric diseases deal with their emotions. It was goal-
oriented, meaning the main task was to talk with the patients about one of the chosen emotions
— anxiety, fear, or shame. A relaxation exercise was recommended for the patient at the end
of the conversation, which was intended to help calm their emotions. All answers given by
Terabot were checked and approved by a professional (psychiatrist and psychotherapist). Using
elements of CBT, Terabot’s dialogue sequence followed psychiatric recommendations (mean-
ing Terabot’s utterances were based on CBT). It was a digital tool that could be used as an
addition to therapies for many mental disorders (e.g. depression, anxiety disorders, obsessive-

compulsive disorders).

3.1.1 User interface

Terabot, as a spoken dialogue system, was embodied using a film of a man wearing a hygiene
mask. He moved slightly, and his eyes blinked naturally. This gave the patient the impression
of sitting in front of the computer during an online session with a therapist. The user interface
is presented in Figure 16. At the top of the screen, there was a statement in the Polish language,
saying “Powiedz ‘CzeS¢’, aby rozpoczacé rozmowe z Terabotem”, meaning “Say ‘Hi’ to start a
conversation with Terabot”. This helped the patients to start the conversation whenever they

felt ready to talk. At the bottom of the screen, there were only two available items - on the left,
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Figure 16: An image of Terabot’s visual interface

the microphone symbol, and on the right, a ‘Reset’ button. The microphone symbol turned red,

indicating that audio is being recorded in the moments when the patient should answer. When

the patient should listen to Terabot’s utterances, meaning it does not record audio anymore,

the microphone turned black. The ‘Reset’ button was designed in case something goes wrong

during the conversation, causing the need to restart.

3.1.2 Architecture

The dialogue system consists of several different modules listed below:

Automatic speech recognition (ASR) module — in this case GoogleWeb Speech API was

used;
Dual Intent and Entity Transformer (DIET) classifier
Text-based emotion recognition module

RASA - an open-source framework for dialogue management and natural language un-
derstanding (NLU),

Utterance database — a collection of statements for Terabot’s utterances. Terabot’s ut-
terances were co-designed by a medical professional (psychiatrist and psychotherapist);

thus, it was guaranteed that Terabot would give professional answers.

Text-to-Speech (TTS) module — in this case the Google Cloud Text-to-Speech service was

used.
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Figure 17: Terabot dialogue system based on the RASA framework

When the patient starts speaking, the ASR module recognizes this speech signal and converts
it into text. As previously mentioned, Google Web Speech API for the Polish language was
used. This text is then passed to the Dual Intent and Entity Transformer (DIET) classifier. This
is a multitask transformer that analyzes the received text. It can handle both intent and entity
recognition. The DIET uses a sequence model that considers the sequence of words [94]. For
example, the intents that are classified are: greet, goodbye, affirm, deny, say mood, say story,
choose exercise, etc. Additionally, the slots are filled in with, for example, the exercise name
or the recognized patient’s emotional state. There is also an emotion recognition module based
on the Bidirectional Encoder Representations from Transformers (BERT) [95], and was part of
previous work made for Terabot’s purpose [96]. It uses the BERT model with fine-tuning for
emotion classification. At the same time as the intent and slot recognition, the output of the ASR
is passed here. The currently detected emotional state of the patient’s spoken text determines
the value of the “emotion” slot, and another slot is filled with the exercise type.

In the next step, a decision about the action of the following dialogue system has to be
made. This decision is an output of three components, namely a weighted combination of the
rule policy, a memoisation policy (i.e. based on stories stored in the memory), and a Trans-
former Embedding Dialogue (TED) policy [97]. This is shown in the right green rectangle of
the diagram shown in Figure 17. The TED policy considers the current state of the dialogue,
including the patient’s utterance intent and slot values. It is important to mention that the DIET
classifier and the action decision pipeline are realized using RASA [98]. This is an open-source
dialogue management and NLU framework. When the choice of the next system action is to
give Terabot’s utterance, it is selected from the utterance database. In the next step, the suitable

utterance is transformed from text into a speech signal using Google Cloud Text-to-Speech API
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for the Polish language. The result is Terabot’s response given to the patient.

3.2 Experiments at the Institute of Psychiatry and Neurology

This chapter provides an overview of the study conducted with patients diagnosed with
schizophrenia at the Institute of Psychiatry and Neurology in Warsaw (IPIN). It was conducted
in accordance with the Declaration of Helsinki and approved by the Ethics Committee. It re-
ceived approval on 27 April 2022 from the Ethics Committee of the Institute of Psychiatry and
Neurology in Warsaw, Poland (resolution No. 1V/2022). The study took place between March
and August 2023. A total of 38 participants were selected for the study. All of them were
admitted to a 24-hour psychiatric hospital. These patients were diagnosed with various types
of schizophrenia, i.e., F20.0 to F20.9 according to ICD-10 (WHO, International Classification
of Diseases [99]. Schizophrenia is a chronic brain disorder that causes a wide range of be-
haviors, which may include hallucinations, delusions, disorganized communication, cognitive
difficulties, and decreased motivation. Most of the symptoms can be significantly improved with
proper treatment, which also reduces the probability of relapse. Unfortunately, schizophrenia
is still incurable, but ongoing research continues to develop more effective and safer treatment
approaches [100, 101]. Below, fragments of the patient’s behavior description, especially con-

cerning speech, are presented (according to WHO [99]):

* F.20.0 — paranoid schizophrenia — “ (...) Disturbances of affect, volition, and speech, and

catatonic symptoms, are either absent or relatively inconspicuous (...)”;

* F.20.1 — hebephrenic schizophrenia — “(...) behavior irresponsible and unpredictable, and
mannerisms common. The mood is shallow and inappropriate, thought is disorganized,

and speech is incoherent (...)”;

* F.20.5 —residual schizophrenia — “(...) passivity and lack of initiative; poverty of quantity
or content of speech; poor nonverbal communication by facial expression, eye contact,

voice modulation and posture (...)".

Study participants were recruited from the Psychosis Relapse Prevention Ward at IPIN. This
facility serves inpatients recovering from a mental health crisis. The program for these patients
included a range of psychological interventions, such as therapy groups, metacognitive training,
community meetings, psychoeducation, initiative workshops, physical activities, and cognitive
training. An experienced psychiatrist admitted the patients according to the criteria presented
in Table 3.

Based on their diagnosed conditions, the patients were treated with medication, including
antipsychotics, mostly in combination with other antidepressants or mood stabilizers. They

were examined and classified by psychiatrists for additional therapy sessions with Terabot.
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Table 3: Inclusion and exclusion criteria.

Inclusion criteria

Exclusion criteria

- age between 18 and 65,

- meets the diagnostic criteria for schizophre-
nia according to ICD-10 (F 20.0 - 20.9),

- no changes in prescribed pharmacotherapy
in the week preceding the study and during
the intervention,

- no documented mental disability or organic
changes of the central nervous system,

- state of mental state stability allowing for the
use of the dialogue agent,

- no coexisting active addiction to psychoac-
tive substances,

- computer illiteracy.

- aged under 18 or over 65,

- refusal to participate in the study,

- acute psychotic crisis,

- the use of sedative medications the week
preceding the study and during the interven-
tion,

- cognitive deficit diagnosed.

Figure 18: A tester sitting in front of Terabot’s interface The eye tracker is located at the
bottom of the screen
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A pilot randomized clinical trial with random assignment to different experimental con-
ditions was conducted. After meeting the inclusion criteria and signing a consent form, the
patients participated in the study. Psychiatrists informed them about the purpose and conduct
of this clinical trial and addressed any questions they had. Patients consented to have their
voice and eye-tracking data recorded. It is important to note that no photograph or video of
the patients could be taken during these conversations (the bioethics committee would not have
approved this). The anonymity of patients participating in the study had to be guaranteed. In
five sessions per week (one per day), the patients talked to Terabot. Each conversation lasted for
about 7-15 minutes. The time depended on some factors, e.g. if the patient agreed to participate
in the relaxation exercise. The patients could choose one of three emotions to talk about: anger,
fear, or shame. The topic could then be repeated or changed the next day. A small conversation
sample can be seen in Figure 19, and a bigger part of the dialogue and Terbot’s utterances are
shown in Appendix A. The patients were seated in front of Terabot, with an assistant who was
invited into the same room. This was required by the psychiatric hospital for the safety of the

patients.

Terabot Patient

Czy przypominasz sobie sytuacje,
w ktérej poczules lek?
(Do you recall a situation in which you felt
anxious?)

Tak, przypominam sobie.
(Yes, I remember such a situation.)

intent: affirm

Co spowodowalo wtedy Twdj lek?
(What caused your anxiety then?)

Boje sie, ze niedtugo nie bede
mial za co zy¢...
Rzeczywiécie, to zrozumiale. CZE;StO (I'am afraid that soon, I won't be able to
boimy sie probleméw afford anything...)
finansowych. Zauwaz, jak szybko

narasta w Tobie lek...
(Indeed, it is understandable. We are often afraid
of financial problems. Notice how quickly
anxiety grows within you...)

intent: anxiety_cause

Figure 19: Sample of a dialogue between the patient and Terabot about the chosen emotion -
here: anxiety (in Polish and English)

3.2.1 Eye tracker Gazepoint GP3

In parallel with testing the dialogue system, eye-tracking data were collected. For that pur-
pose, the eye tracker Gazepoint GP3 was chosen. It collected eye-tracking data from the patients

while they were interacting with the dialogue system. This stationary eye tracker was chosen
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for two important reasons: firstly, this type of eye tracker does not restrict participants’ move-
ment in any way and does not require any additional items/devices to be worn on their bodies.
These features are important when conducting experiments with patients with schizophrenia.
As already mentioned, those patients are treated with antipsychotics, mostly in combination
with other antidepressants or mood stabilizers, which may affect their behavior. As the experi-
mental setting is in a psychiatric hospital, the clinical conditions require that the patients cannot

be additionally disturbed, even in the smallest form of any wearable device.

Figure 20: Photo of the stationary Gazepoint GP3 eye tracker used in the study (with the
biometrics toolkit also presented)

For the eye-tracking data collection (during the therapeutic sessions), it had to be guaranteed
that the patients would not have to touch wires or wear any additional devices (e.g. eye-tracking
glasses) during the study. Secondly, the choice of a stationary eye tracker can also be justified
by the fact that the main focus of the experiments is on providing conversations. Wearing
additional equipment (such as eye-tracking glasses) would interfere with the naturalness of a
therapeutic conversation.

The sampling frequency chosen for the experiment was 60 Hz. Accordingly to [63], this
sampling frequency can be used in the Human-Computer-Interaction domain, when analyzing
fixations (described in detail in the following chapters). The selected eye tracker has dedicated
software (‘Gazepoint Analysis Software’). It enables the collection and analysis of eye-tracking
data simultaneously with each timestamp of the audio data of the conversation. This software
also enables the downloading of CSV files (which were important for the eye-tracking data

analysis). Additionally, there is the possibility of analyzing videos of eye movements in each
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collected timestamp. This software is user-friendly and allows fast interpretation. In Table 4,
some technical specifications of the device are presented, according to the provided Gazepoint
GP3 Mobile Manual. Figure 21 shows a demonstration setup with a monitor and an eye tracker
at the bottom of the screen. The patients were sitting in front of the screen, where Terabot’s
interface was presented, as shown in the figure. The mouse was used only to turn on the oper-
ating system and the dialogue system. For conducting the conversations, it was hidden on the

left side (where the assistant was sitting), being invisible to the patient.

Figure 21: Experimental setup at the IPIN
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Table 4: Eye tracker technical specifications, according to Gazepoint GP3 Mobile Manual
(provided by the manufacturer)

Specifications Values
Sampling Rate 60 Hz, 150 Hz
Accuracy 0.5°-1°
Spatial Resolution (RMS) 0.1
Eye-Tracking Mode Binocular
Operating Distance 38 cm — 56 cm
Tracking Range (Head Box) 23 cm X 18 cm
Calibration 5 point
Tracking Recovery Time < 50 ms
Size 23 cm x 28 cm X 16 cm

3.3 Problems identified during conversations

During the experiments at the psychiatric hospital, it was observed that patients conversed
quite effectively with Terabot. The therapeutic conversations went well when patients were
in a relatively stable mental state (probably due to the effects of prescribed medication). This
was especially true when patients spoke at a normal speech rate with moderate loudness, and
their utterances had a relatively average length (compared to healthy participants who tested the
dialogue system). An ideal flow of a conversation is shown in Figure 22. After each statement

the patient makes, Terabot can respond to the patient and vice versa.

Terabot's

*—e S —- —oe L i
utterances

patient's
utterances

- 1 [s]
Figure 22: Dialogue system (Terabot) response time to patient utterances - ideal situation

Some unforeseen problems occurred when conducting experiments with patients at IPIN.
These issues paused the dialogue flow and sometimes caused unintended patient discomfort.
The following problematic situations were identified when patients interacted with the dialogue

system:

* Interruption of the patients’ answers by Terabot,

* Patients having to wait a long time for Terabot’s response,
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» Waiting too long for the patient’s answer,

* No non-speech related information about patient participation during conversation.

These are described in detail in the Chapters 3.3.1 - 3.3.4. This dissertation addresses these

issues and sets out solutions made possible by implementing an eye tracker.

3.3.1 Issue 1: Interrupting the patients’ answers

As it transpired, patients gave answers that were sometimes very short and sometimes very
long, with many pauses during their responses. In fact, these pauses sometimes lasted several
seconds. In these cases, the dialogue system did not recognize the pause appropriately, detecting
it as the end of the utterance and proceeding with the dialogue flow. This is a problem which
has also been pointed out in some research articles on spoken dialogue systems (e.g. [28]). In
spoken dialogue systems this task is known as "endpointing’ or "endpoint detection’. It can be
challenging due to background noise and the tendency of people to pause during their turn.

Consequently, Terabot’s utterances interrupted the rest of the patient’s answer. This situation
is illustrated in Figure 23. It also occurred when a patient experienced a symptom known as
logorrhoea [102]. Logorrhoea is a communication disorder characterized by excessive wordi-
ness (verbosity), repetitiveness, and often disjointed, jumbled, or irrelevant speech [99, 103].
Even when Terabot posed a simple close-ended question (e.g. “Do you want to talk to me
about shame?”), a patient with verbosity could not respond briefly or simply give the necessary
information.

In both of these situations, the patients had not finished speaking. Consequently, their speech
was cut off suddenly. From the dialogue system’s point of view, these situations prevented it
from working correctly (e.g., resulting in incorrect intent recognition), and the dialogue system
abruptly interrupted the patient. Based on the intentions of the already spoken utterances, the
system makes a decision about an upcoming answer, instead of waiting until the end of the
patient’s utterance. This is why there is a need to integrate additional information in the form

of another signal input into the dialogue system, indicating that the patient’s response has come

to an end.
Terabot's
utterances @ * e ® o o
overlapping overlapping
speech speech
patient's ¢ ’ ¢ ’
utterances e .
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Figure 23: Challenging situations for the dialogue system, during patient-Terabot
conversations: interrupting the patient’s speech
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3.3.2 Issue 2: Patients having to wait a long time for Terabot’s response

Another situation that caused the dialogue to pause is illustrated in Figure 24. The dialogue
system waited for the patient’s response for a very long time (the microphone was set to wait
indefinitely). This occurred when patients were shy or reserved, or spoke very quietly, for
example. Their utterances mainly consisted of brief phrases (e.g. “I do not remember” in
Polish: “Nie pamigtam”) or single-word answers (e.g. “Yes” or “No”). When these utterances
were too quiet or rapid, the ASR module could not detect them as valid speech input (likely they
were recognized as unintentional background noise). This caused the microphone to still be on,
and the patients did not know that their answers were not recognized. It resulted in waiting
for a very long time and it turned out that the patient having to repeat the answer to continue
the conversation (which sometimes happened naturally after some prolonged waiting time). In
terms of the flow of the whole conversation, this situation caused an unintentional pause. Such
waiting made the patient feel insecure or even irritated; this is not desirable in a dialogue system

designed for therapeutic purposes.

Terabot's

utterances *—o *— ~—t o d
too long too long
. waiting time waiting time
patient’s —>
utterances e ~— *—e
— = {[5]

Figure 24: Challenging situations for the dialogue system, during patient-Terabot
conversations — too long waiting time for Terabot’s response

3.3.3 Issue 3: Waiting too long for the patient’s answer

Terabot's
utterances ——»

too long pause too long pause
before response before response
patient's - > = g
utterances

— = 1[5]

Figure 25: Prolonged waiting for the patient’s answer

Another problem that was observed during the experiments is presented in Figure 25. There
were often long periods of time where patients did not respond to Terabot during the dialogues.
After a question was posed to the patient, no answer (or any speech signal) was directed to
Terabot. In these situations, the microphone was still on, waiting for a speech signal to be

detected. After the conversation ended, patients were asked why it took them so long to answer.
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Some said they had been thinking about finding the best words for an answer. Others said they
had been struggling to concentrate, their thoughts were elsewhere, and it took them a while to
return to the conversation. There were also cases where, despite agreeing to participate, the
patients refused to answer; they tested how the system would react to their complete silence.
Again, the problem is that the patient could even leave the room without saying anything; the
dialogue system would still wait for the speech signal to come. This is not the appropriate
behavior of a dialogue system, so a solution had to be found to extend the functionality of this
speech-only dialogue system. This dissertation aims to explore the presented issue and propose

a solution in cases where implementing an eye tracker could be beneficial.

3.3.4 Issue 4: Lack of information about patient behavior

The experiments showed that patients can experience complicated and often overwhelming
emotions when opening up to Terabot. The flow of the conversation with Terabot has been ex-
plicitly designed so that after talking about these difficult emotions, the patients can participate
in a relaxation exercise. This enables them to try to calm down their emotions. The relaxation
exercise lasts a few minutes and consists of therapeutic statements, during which the patient
should try to focus on inner thoughts and breathe slowly, so basically try to relax. The relax-
ation exercise is also the time for the patients to train their mindfulness.

In the RASA-based version of the dialogue system, there was no means of contacting the
dialogue agent other than speech. This means that there is no place for any feedback from the
patient during the relaxation exercise. Since no speech is collected, there is no certainty that
the patient is even sitting in front of the screen and listening. In terms of how patients behaved
during this relaxation training, it was observed that there were different approaches. One group
of patients tried to concentrate and focus on their inner thoughts, while another group was not
interested in following the instructions given by Terabot. The latter distracted themselves by
focusing on different things present in the room. They did not want to engage in addressing

their emotions.

Terabot's
utterances

patient's
utterances lack of information

Figure 26: Lack of feedback on the patient’s presence for dialogue system
With the speech-only version of Terabot, an assistant needs to be physically present in the

room to confirm the patient’s presence. Only then can the assistant check how the patient

behaved and whether the patient has tried to follow the exercise instructions and maintained
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concentration. This also applies to the whole dialogue with Terabot. This solution consumes
not only money but also time. Additional staff must be hired/paid to sit next to the patient during
the therapy. Therefore, it is necessary to improve the performance of the dialogue system by
introducing another type of signal, which would indicate the patient’s presence. It is important
to gain information about whether the patients have been actively participating in the relaxation

exercise or maybe even in the whole conversation.

3.4 Patients’ satisfaction regarding conversations with Ter-
abot

Terabot's utterances were intelligible,

| felt that Terabot understood what | wanted to say.
I felt that Terabot understood my emotions.
Terabot asked reasonable questions.

Exercises offered by Terabot were helpful.
Terabot's utterances sounded natural.

Terabot spoke too fast for me.

| like talking to Terabot.

Other person's presence was helpful.

Terabot looks nice.

Totally disagree Disagree Don't know Totally agree

&
]
1]

Figure 27: Patients’ satisfaction regarding dialogues with Terabot

After the session of conversations with Terabot, each patient was asked to fill out a survey.
Figure 27 shows the results of the patient questionnaires, filled in after the last therapy session.
The majority of patients confirmed that Terabot’s utterances were intelligible (4.2 on the Likert
scale) and the relaxation exercise was found helpful (3.8 on the Likert scale). Patients also felt
that their responses and emotions were understood (3.5 on the Likert scale). In general, it can
be said that patients rated the quality and naturalness of Terabot’s utterances highly and they
were satisfied with Terabot’s visual interface.

Furthermore, patients’ attitudes to and expectations of Terabot varied, with some patients
having a more positive attitude or higher expectations than others. Patients behaved differently
in conversations: some were cautious, while others challenged the system or expected compas-
sion. These findings were highly encouraging for our research team, as they demonstrate that

dialogue systems may play a meaningful role in psychiatric therapy.
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Chapter 4

Analyzing the need for eye tracker

calibration in a spoken dialogue system

4.1 Problem description

As presented in Chapter 3.2.1, a stationary eye tracker was chosen for collecting patients’
eye-tracking data at IPIN. This comes with a risk: the collected eye-tracking data might be
affected by the free head movements of the patients. In addition, a further problem has been
identified: as the study’s main aim was to hold therapeutic conversations with the dialogue
system, it was impossible to perform a calibration beforehand. This would have discouraged
the patient from opening up during the dialogue, and their comfort would be disrupted.

In a research paper by Harezlak et al. [104] the possibility is analyzed to shorten the calibra-
tion procedure. Other reports from this research group provide information about experiments
with uncalibrated data. In these experiments, 41 people participated, and a total of 802 trials
were performed [105]. Their results demonstrate that an eye tracker can be used as a pointing
device for simple, well-defined tasks, without prior calibration for each user (when the task does
not require point-to-point gaze mapping).

Therefore, I wanted to investigate whether the quality of the collected data without perform-
ing the calibration and without any boundaries for the patients’ movements while conversing
would be sufficient. This chapter presents an experiment, which was carried out to determine
if the calibration process can be omitted when using the Gazepoint GP3 eye tracker for the

purpose of the dialogue system.

4.2 Experiment methodology

The proposed experiment consists of two parts. In the first part, the diameter of the par-
ticipants’ pupils is measured. This is done without prior calibration of the eye tracker. In the

second part, calibration is performed first, followed by measurement of the participants’ pupil
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diameters. In both cases, the person looks at a changing laptop background (black and white).

32 subjects participated: 16 women and 16 men (between 21 and 30 years old), who were
students from the WUT and the University of Warsaw. Thirteen wore corrective lenses or
glasses. During this experiment, the participants were deliberately not asked to remove them,
even though wearing them might affect eye-tracking data quality. The reason for this approach
was to imitate the clinical settings as much as possible. Due to the specificity of the experiments,
patients in the psychiatric hospital cannot be asked to remove their lenses or glasses while
conversing with Terabot, as this would have a negative impact on the therapy sessions. Patients
with psychiatric disorders could feel uncomfortable during such a session, and it could also
lead to a worsening of their emotional/psychological state. This is why the decision was made
to allow patients to wear glasses or contact lenses, even if it introduced some problems into
the collected eye-tracking data. This approach ensured that the laboratory conditions closely
imitated therapy sessions with patients. Experiments were conducted at the Biometrics and
Machine Learning Group laboratory at the Faculty of Electronics and Information Technology
(WUT). As Figure 28 shows, the experimental set-up consisted of a laptop and the stationary
Gazepoint GP3 eye tracker (with Gazepoint Control and Gazepoint Analysis software installed).

The participants were seated in an adjustable chair, and their movement was not restricted.
It was important to ensure maximum freedom and comfort during the experiment because the
aim was to imitate the experimental clinical settings. The distance between the participant’s
head and the laptop screen (and eye tracker) was approximately 40-50 cm. The eye tracker was
placed directly under the screen, behind the keyboard. In this way, it was possible to detect the
participants’ eyes. The lighting during the experiment was natural (daylight), evenly diffused,
coming in through the window, and controlled by blinds.

The task for each participant consisted of gazing at a laptop screen, during which completely
black or white backgrounds were displayed in sequence. During this time, eye-tracking data
were collected by the GP3 Gazepoint eye tracker. The display duration of each background
was set to 5 s, except for the first black background, which was displayed for 8 s. This extra
3 s of time for the first background allowed their eyes, particularly their pupils, to adapt to the
conditions, as it was the beginning of the experiment. The data from these additional 3 s were
not calculated during the analysis. The total display time (for each session) lasted 28 s. Each
participant took part in two sessions (with an appropriate relaxation interval between them to
allow their eyes to rest for a while). The first session of data collection was performed without
prior calibration of the eye tracker; while the second session was preceded by calibrating the
eye tracker (meaning using the calibration function provided by the software).

For the no-calibration experiment, only the correct distance between the participant’s eyes
and the eye tracker was considered (using Gazepoint Control software) when the participant
sat before the screen. The constant detection of the eyes and pupils in the software made it
possible to determine the correct distance away from the head and eye. Feedback was given on

the distance of the eyes from the device (too close/optimal/too far away), and the experiment
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Figure 28: Experimental setup at the WUT with a participant, conducted for calibration
necessity analysis

cofll- -H- -
8s 5s 5s 5s 5s

Figure 29: Experiment scheme: changing backgrounds for analysis of pupil size parameter;
with and without calibration

48



only started when the feedback was positive. On the other hand, for the calibration experiment,
the study was preceded by a calibration procedure provided by the Gazepoint software. This
procedure consisted of gazing for a few seconds at the white dots appearing on the black screen.
In each corner of the screen, one dot appeared, and finally, one in the center of the screen. As
already noted, this study was conducted with conditions that imitated the conditions in the
psychiatric hospital as closely as possible. This meant that each participant was free to blink
and move their head, and there were no restrictive rules given to the participants. In practice,
it turned out that all these participants actually behaved naturally; individuals sat upright and
gazed at the laptop screen without making excessive movements.

The laboratory room was quiet when conducting experiments, with no sudden noises or dis-
turbances. All participants were in the same room for several minutes before the test, allowing
their eyes to adjust to the lighting. When conducting the study on healthy participants, it was

ensured that the conditions during the experiment were as constant as possible, as follows:

* Lighting conditions: The pupil responds to changes in light intensity [106], which is why
during the experiments were conducted on days with about the same amount of sunlight,
the lighting was natural (daylight), evenly diffused, coming in through the window, and
controlled by blinds.

* Cognitive load: as it is described in literature, cognitive load and concentration lev-
els [107,108] have an impact on pupil behavior. This is why participants took part in the
study on the same day, after attending in the university’s laboratory. It was a class in the
middle of the day. After a few minutes of relaxation and preparation, participants were

asked if they were ready to take part in the experiment.

* Health status: a brief survey was conducted to assess self-esteem and health status,
asking “How do you feel?”. The responses were positive/neutral (“well” or “ok’). Some

people did not confirm that they were feeling good, so they were excluded from the study.

* Alcohol/substance abuse: consumption of alcohol and drugs affects the pupil size [109].
The effect of alcohol, stimulants, drugs, etc., was most likely eliminated since the exper-
iment took place after the laboratory class. Participants were observed during the class

and showed no signs of abuse of alcohol or psychoactive substances.

* Emotions: it is described that perceived emotions (also caused by sounds) have an influ-
ence on the pupil size [110,111]. A calm atmosphere was maintained in the laboratory,
and a short, quiet period was imposed on all participants just before the test. This ensured
a standardized condition and minimized the potential influence of emotions on the test

results.
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4.3 Results and discussion

The resulting eye-tracking data were analyzed after experiments were carried out with and
without calibration. According to other studies in the eye tracking domain (e.g. [112]) when
analyzing data concerning pupil sizes, it is advisable to skip the first few seconds/minutes of
the experiment (depending on the duration of the entire study). This is because it takes a few
seconds for the eye to adapt to the conditions (such as adaptation to display brightness, novelty
effects, etc.) when it first looks at the screen.

In the case of our experiments, the first 3 s of the first black background in the experiment
were removed for each subject. As it is known from the research articles about pupilometry
(e.g. [113]), there is a mechanism known as the consensual pupillary light reflex. It is the
constriction of the pupil in the other eye when light is shone into one of them. This is because
signals from the illuminated eye travel to the brain, triggering constriction of both pupils. Due
to this mechanism, it can be assumed that the other pupil functions in the same way, unless
stated otherwise (e.g., due to eye diseases). This is the reason the data analysis focused only on
the right pupil diameter size (of each participant) for each background separately.

Figure 30 shows violin plots for the two selected background types: one black background
and the following white background. As can be seen, the average pupil diameter of all the par-
ticipants has decreased with the presentation of a white background (for the black background,
it was about 4.8 mm; for a white background, it is about 4.1 mm). The protective function of
the eye explains this change of pupil size: when the light coming into the center of the pupil
changes to a much brighter light, the pupil constricts to protect the inside of the eye. For each
set of graphs presented in Figure 30, it can be seen that the pupil diameter data have (almost)
identical ranges, as well as median, first, and third quartile values (analyzing each background
separately).

Figure 31 shows the average diameter of the right pupil of all participants for each type of
background and each experiment (with and without calibration), along with the corresponding
calculated confidence intervals. In this case, the confidence level was set at 95%, as usually
recommended [114]. As can be seen, the average pupil size values and their corresponding
confidence values indicate no difference in the data derived from the experiments with and
without calibration. There is only a difference in the calculated averages between the black and
the white backgrounds (whichever is used), showing that the participants’ eyes accommodated
to the background present on the screen.

It can be seen that the pupil size values from the experiments with pre-calibration are mini-
mally (negligibly) lower: the differences between the obtained data are approximately 0.1 mm
at most. This is not critical because the differences for each background can be seen very clearly
in the data with and without calibration. This is an important point as it makes the hypothesis

that no calibration is required very plausible.
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Figure 30: Violin plots for right pupil diameter data, in the upper figure for one black
background and in the lower figure for one white background
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Figure 31: Average values of participants’ right pupil diameters with their corresponding
confidence intervals for each background presented separately

4.4 Conclusion

As shown in Figure 30 and Figure 31, the graphs of the average data collected concerning
pupil diameter show a clear trend that supports the hypothesis that calibration is not required.
It indicates no significant difference between the data collected from the experiments with and
without pre-calibration. Obviously, validating this hypothesis would require a larger study and
confirmation through statistical tests. However, the results strongly suggest a high probability
that calibration of this eye tracker is not needed. In the study, the focus was on analyzing pupil
diameter and the necessity of calibration. If comparing pupil data, where size and variation are
measured in hundredths of a millimeter, there was no significant effect from calibration. It is
supposed that other parameters are likely to retain the same level of information regardless. The
experiment confirmed that calibrating the stationary Gazepoint GP3 eye tracker is not a critical
requirement. This means that the eye tracker can be used with a dialogue system without prior
calibration. The research objective “[RO1]: Investigating whether an eye tracker needs to
be calibrated when used in a spoken dialogue system” has been successfully achieved. The

results of this chapter have been presented in articles [115, 116].
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Chapter 5

Analysis of the gaze of a patient conversing
with Terabot

5.1 Problem description

As described and explained in Chapter 3.3.3, two problematic situations (related to Terabot
giving responses) were detected during the clinical study. Briefly, the first one occurred when
the patient’s speech was too quiet or too fast for the ASR module to recognize. As a result,
the dialogue agent did not react: the microphone was on and waiting for a speech signal to be
detected. The patients faced a prolonged wait and had to repeat their response. The second
issue occurred when patients spoke for too long (e.g., because of logorrhoea) or when there
were many pauses of several seconds in a patient’s utterance. In this scenario, it was often the
case that the dialogue system interrupted the patient while they were answering. The dialogue
system decided on the response topic (for Terabot’s utterance) based on the intentions of the
already spoken utterances. These two situations challenged the dialogue system, as the patient
had not yet completed the utterance. These situations may have disrupted the entire therapy
session and impaired the dialogue system’s ability to appropriately respond to the patient’s
behavior. What was needed was an indicator (other than speech) that could provide information

about the finished utterances.

5.2 Methodology

To analyze their gaze behavior while patients ended their utterances, 72 utterances of 9 pa-
tients with corresponding eye-tracking data were used. Regarding the analysis of the speech
signal and the corresponding eye-tracking data in each timestamp, it should be noted that man-
ual synchronization was not required, as it was already done by the provided software (“Gaze-
point Analysis”) in the settings of the eye tracker. Each time the eye tracker was turned on, it

collected not only eye-tracking data but also audio data (at the same time). This means that for
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each timestamp in each conversation, the collected eye-tracking data (e.g. fixations, pupil diam-
eter) could be associated with the corresponding timestamp in the output files (video and audio
recording). This allowed for precise information (about where patients gazed while conversing
with Terabot) to be collected. As mentioned in previous chapters, obtaining good-quality eye-
tracking data from all patients who participated in this study was difficult. The reason was a
lack of concentration in head and body movements. Despite this limitation, it was still possible
to analyze the collected data for a subset of the patients.

During conversations, it was analyzed whether the parameter Fixation Point of Gaze (FPOG)
provided non-verbal information about the end of patients’ utterances. The parameter FPOG is
composed of two coordinates (FPOGX for X and FPOGY for Y) of each user’s fixation point on
the screen (at each timestamp). An analysis of where these fixations occurred most frequently
when patients reached the end of their utterances had to be conducted. The hypothesis was
that if a specific region of Terabot’s interface is focused upon (while patients finish speaking),
it could help predict where the fixations would be when the patients come to the end of their
utterance. As is known from human communication research [117, 118], whenever people are
talking, the person who is speaking starts to look more at the interlocutor as the end of the
utterance approaches. This is because the speaker thinks about what to say and how to say it (the
concentration is on the thoughts and speech). When the speaker is near the end of the speech,
looking at the interlocutor is a nonverbal signal that he/she is about to stop talking, pay attention
to the other person, and now wait for a reaction. This approach was applied to the dialogue
system, making the conversation with the Terabot more human-like. Although previous studies
on turn-taking behavior have focused on mentally healthy populations, I wanted to explore if

and how these findings could be applied to individuals with psychiatric disorders.

5.3 Utterance and eye-tracking data analysis

The first step consisted of analyzing patients’ utterance data. The endings of each patient’s
utterance had to be found, which will be further described as closing phrases of the last spo-
ken sentence. These closing phrases were manually marked individually for each patient’s last
spoken sentence. Usually, they consisted of the last three words of the last spoken sentence.
Figure 32 shows graphically the closing phrases of a patient’s last spoken sentence in the utter-
ance.

The next step considered the fixation data. Terabot’s visual interface had to be divided
into areas of interest (AOIs) to get information about fixations in these selected regions. The
Gazepoint GP3 software used in the study collects eye-tracking data and allows users to specify
which AOIs in the presented media are of particular interest. It is possible to manually define
these AOIs by specifying the fixed corners of each one, which are the same for the whole
recorded experiment: fixed coordinates of the displayed media. Depending on the purpose of

the study, the number of AOIs and their size, the coordinates can be set individually for the
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Pacjent: Tak, przypominam sobie {(...).
Poczutem wtedy niepewnosc, bytem nieswaj,
obawe, niepokoj, to mi towarzyszyto gtownie.

l

Closing phrase

Figure 32: Example of a patient’s utterance and the closing phrase

entire recorded experiment. The results are fixation data which are grouped by the specified
AOIs; the data consists of the coordinates of each fixation point in those regions, the fixation

duration, and the order in which they occurred.

Powiedz “CzesSc”, aby inzpa¢zaC rozmowe Z lerabotem

AOI plant

AOI
bookshelf right
AOI

bookshelf left

AOIl books

AQJTbuttons

Figure 33: Photo of Terabot’s interface with selected Areas of Interest (AOIs), such as green
AOI — person

Figure 33 shows Terabot’s interface with eight selected specific AOIs, including not only
Terabot’s person but also other subjects present in this visual representation (bookshelf, plant,
etc.). Considering that the experiment involved patients with psychiatric disorders, a question
arose as to whether any objects could contribute to distraction during the patients’ speech. Here

is a list of the selected AOIs for analysis:
* ‘AOI writing’ — the writing at the top, which is introduced to start the conversation,
* ‘AOI person’ — the person representation,

* ‘AOI buttons’ — the button and microphone icon at the bottom,
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* ‘AOI plant’ and ‘AOI bookshelf left” — subjects related to Terabot’s environment on the
left,

* ‘AOI bookshelf right’, ‘AOI vase’, ‘AOI books’ — subjects related to Terabot’s environ-

ment on the right.

Studies in psychology (e.g. presented in articles [119, 120]) have shown that generally the
eyes are one of the first and most frequently fixed regions within the human face. As Terabot
is a dialogue system for patients with specific psychiatric disorders, the result of the fixation
analysis is important — the aim was to adapt Terabot’s interface to the patients’ needs as much
as possible (not to healthy users). This is why it could not automatically be assumed that the
patients’ gaze would be mostly fixated on Terabot’s eyes or even face.

In therapy sessions, and even when considering everyday conversations, when people discuss
difficult topics with much emotional load, for example, those related to shame or anger, even
healthy individuals do not always maintain direct eye contact with the person they speak to;
they might simply look away. This could be caused by the intense emotions involved in such
conversations. This is why the decision was made not to choose Terabot’s eyes as a small,
separate AOI. There are also other reasons that show why the eyes have not been decided to be

of special interest when analyzing patients’ data:
* psychiatric illness, which might affect the patients perception and concentration level;

* medication the patients received during their treatment and also during conversations

with Terabot, which might have an impact on gaze behavior;
* therapeutic session environment, which is quite private and delicate.

In the case of therapeutic sessions, it is important to consider whether patients were gazing
at Terabot (‘AOI person’) or maybe not this region at all (all other AOIs).

Table 5: Fixation durations in AOIs of Terabot’s interface during closing phrases.

Area of interest (AOI) No. of fixations average fixation duration [s] max. fixation duration [s]
AOI person 2821 0.54 2.0
AOI buttons 347 0.42 1.8
AOI bookshelf left 564 0.37 1.13
AOI writing 309 0.34 0.9
other AOIs 209 0.21 0.53

Reports concerning the human communication literature [118] indicate that after people fin-
ish speaking, they still look at the interlocutor while waiting for the response. This is why I

included the first 3 s immediately after patients finished speaking in the analyses. This value
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was adjusted experimentally and it was decided that 3 s was a reasonable time to wait. Ta-
ble 5 shows the collected fixations while the patients finished speaking (in the different AOIs of

Terabot’s interface) with these additional 3 s included.

5.4 Results

Figure 34: Visualization of Terabot with color intensity indicating viewing frequency:
stronger colors — longest fixation numbers and duration; faded colors — fewer fixations and
durations

After analysis, the area with the highest number of fixations was ‘AOI person’ (with 2821
fixations), with an average fixation duration of 0.54 s and a maximum fixation duration of 2.0 s.
All other AOIs were investigated and the results are shown in Table 5.

A closer look should be taken at the ‘AOI buttons’ area regarding average fixation times.
These symbols have no meaning from a conversational point of view, but here the average
and maximum fixation durations (0.42 s and 1.8 s, respectively) are comparatively high. The
reason for this might be the changing color of the microphone symbol during the conversation.
It was black when Terabot was talking (indicating that the microphone was off, so Terabot
was talking and not listening), and it turned red when the microphone was on to record the
patient’s speech. The fixation data indicate that the changing color might have accidentally
caught their gaze. This information is important for Terabot’s further development regarding
the dialogue system’s interface: possibly adjusting the colours of these buttons so as not to
attract unnecessary attention from the patients. The analysis indicates the importance of the

“AOI person” for the dialogue system, where most of the fixations occurred during patients’
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closing phrases.

Figure 34 uses color intensity to show the AOI which the patients looked at most during their
closing phrases. This intensity reflects the distribution of visual attention, with more saturated
regions representing more frequently observed areas, and faded regions indicating areas viewed
less often. When a speech signal (patient’s utterance) is detected and the closing phrase is
spoken, fixations on this AOI may provide a reliable indication that the patient has finished
speaking. Figure 35 illustrates how the fixation signal can be applied to indicate the end of
patients’ utterances when the speech signal ends. The results of this chapter have been presented
in the research articles [121,122]. It can be stated that the research objective ‘“[RO2:] Analysis

of areas of interest in the graphical interface of the dialogue system” has been achieved.

Terabot's
e *————eo — o—
utterances
&>
patient's . ° .

utterances

Figure 35: Schematic representation of the use of the Fixation Point of Gaze (FPOG)
parameter as a possible response activation indicator for the dialogue system

5.5 Clinical use of the proposed solution

Based on the results achieved, I proposed to use eye-tracking data to activate each Terabot
utterance when the patients’ speech ended, and at the same time, their gaze was present in
the specified AOI, as shown schematically in Figure 35. This mechanism of gaze-activated
responses seems very helpful for indicating the closing phrases; however, there might be a con-
siderable risk. This solution, although supported by the results of data analysis presented in the
previous section, could potentially make Terabot less accessible to patients with schizophre-
nia. In therapeutic practice, it is not surprising that patients do not maintain eye contact with
the therapist throughout the conversation. This might happen when patients experience high
levels of anxiety (including social anxiety), or they feel embarrassed or distrustful (e.g., with
increased delusions). For psychotherapists, eye contact is considered an important feature from
a therapeutic point of view. In everyday practice, when patients do not look at their therapists,
the conversation is continued by them. From clinical practice!, at the start of a therapeutic
session, the therapist should proceed with the dialogue despite the lack of the patient’s eye con-
tact. However, as therapy progresses, the therapist should gently bring the issue to the patient’s

attention by asking:

IThe co-working psychiatrist and psychotherapist, Izabela Stefaniak, PhD, MD, shared this information for this
the study and it can also be found in other online sources for psychotherapists, for example [123].
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* “I have noticed that maintaining eye contact seems challenging for you. Could you share

what might be causing this?”
* “How do you understand your difficulty with eye contact?”
* “Have you experienced this for a long time?”
* “Has anyone ever pointed this out to you before?”
* “How can I support you with this?”

This is why the decision has been made not to implement this solution to enhance Terabot’s
functionality. Eye contact plays an important role in therapy, serving as an additional com-
munication channel with the patient, but it cannot be considered a mandatory condition for
psychotherapy sessions. Therefore, another solution had to be investigated. Despite that, the
research objective, “[RO2:] Analysis of areas of interest in the graphical interface of the
dialogue system” was achieved. As can be seen, the severe psychiatric disorders of the pa-
tients are a challenge not only for the psychiatrists but also for researchers and engineers who

want to support them with IT solutions.
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Chapter 6

Designing a gaze-dependent, LLM-based
dialogue system for therapeutic purposes

6.1 Problem description

As stated in Chapter 3.3.3, when conducting the experiments at the psychiatric hospital,
some unforeseen problems occurred during the conversations between the patients and Terabot.
After Terabot asked a question, some patients did not respond for a long time. Meanwhile, the
state of the dialogue system was the same - the microphone was on, and the system waited all
the time for a speech signal to be detected. In those cases, the natural flow of the therapeutic

dialogue between the patient and Terabot was paused.

6.2 Analysis of patients’ waiting time

The dialogues between Terabot and patients were analyzed, especially the waiting times
between the end of Terabot’s question and the start of the patients’ reply. It was calculated
that the average prolonged waiting time for the patient’s response lasted 6.3 s. It is important
to note that the standard patient waiting times of 0-2 s (before replying) were not included in
this calculation. The longest waiting times lasted between 10 s and 32 s. Figure 36 shows
probability density bars, which indicate how long the patient waited before giving an answer.

All in all, there were 108 cases where the patients waited longer than 2 s before replying to
Terabot’s posed question. This means that the conversation flow was paused in all these cases,
since no speech signal had been detected. The system was waiting for the answer for the entire
time, with the microphone on. There was no information or indication that the patient was still
in the room (besides the information given by the assistant sitting beside the patient). These
situations clearly demonstrate that speech may not be a sufficient input signal into the dialogue
system. Another input signal into the spoken dialogue system should be considered to indicate

the patient’s behavior during conversations. I propose that adding the eye-tracking signal is a
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Figure 36: Probability density bars of waiting times

solution to address this issue.

6.3 Using real-time eye-tracking data to improve the dialogue

system

To solve the described problem, I propose implementing a dialogue system that uses real-
time eye tracking data to indicate how patients behave during conversations. This has been
identified as the next step for Terabot. Currently, LLMs are increasingly being used for dialogue
system management (as previously described in Chapter 2.2.3 and so the new version of Terabot
will also be LLM-based.

6.3.1 Using OpenAlI’s Assistant API for dialogue management

The GPT-40-mini model was used as the core for dialogue management. The OpenAl’s
guidelines for creating a customized assistant were followed [124]. The specifications for the
desired behavior of Terabot were written in the system instructions, where the detailed con-
versation flow and the expected tone of Terabot’s answers were described. Here is a brief

summarization of some of the instructions:

» Step 1: Begin the conversation with the user with a friendly greeting and ask if the user

gives you permission to talk about the emotions with you.
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» Step 2: If the user agrees, ask which emotion should be discussed. The user can choose

from anxiety, shame, or fear.

» Step 3: Once the emotion has been chosen, you can start asking questions about the
chosen feeling. Ask questions like a psychotherapist. Encourage the user to share their
thoughts and experiences, but be gentle and avoid pressuring them too much. You can
ask 3 to 5 questions about the situation described by the user when the feeling occurred;

always ask the following questions:

— Do you remember a situation in which they experienced this emotion? (Ask the user

to describe this situation.)
— How did you feel in this situation?

— What were your thoughts in this situation?

» Step 4: Encourage the participant to take part in a relaxing exercise. Ask if the patient

would like to do a relaxation exercise together.

The model configuration parameters for the LLM behavior (meaning temperature and top_p)
were experimentally chosen to be suitable for the therapeutic purpose of conversations. Tem-
perature is described as a parameter responsible for “randomness” that is used by the LLM
when it generates text. When the temperature’s lower, the text output is more predictable and
consistent. When the temperature’s higher, the LLM introduces more freedom and creativity
in the generated output [125, 126]. The parameter top_p is responsible for the control of how
many possible words the model considers during text generation. Higher values of top_p allow
the model to include less likely options, increasing the diversity of the output [125, 126].

As stated in [125], combining temperature and top_p can produce a wide variety of text styles
by the LLM. When using low temperature and high top_p parameters, the LLM can produce
output texts which are logical and consistent due to the low temperature, but can still be rich
in vocabulary and ideas because of the high top_p. This combination is suggested for clear,
interesting educational or informative texts. After careful consideration and experiments on the
LLMs’ output texts, the most appropriate values in the case of Terabot are: for temperature =
0.15 and for top_p = 0.4.

For the purpose of generating more adequate answers for therapeutic purposes, the Retrieval
Augmented Generation (RAG) technique was also used. The RAG enables improvement of the
performance of an Al model by connecting it to external knowledge bases and adapting gener-
ative Al models for domain-specific tasks. This helps to fill gaps in a model’s knowledge base,
enabling it to provide more accurate and relevant answers [127]. The text files that describe the
behavior and dialogue flow of the older Terabot version were used as RAG files in the newer

dialogue system (e.g. NLU, stories, and rules).
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6.3.2 Spoken dialogue system with eye-tracking data input
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Figure 37: Schematic representation of the new, multimodal dialogue system: with the core
of the LLM (OpenAI’'s GPT-model) and real-time eye-tracking data

As already mentioned, real-time eye-tracking data was integrated as additional input into the
dialogue system. The architecture of the new, multimodal dialogue agent is shown in Figure 37.
As the first step, when a patient talks, the speech is converted into text by the Speech-to-Text
module, using the Google Web Speech API with the Polish language. After that, this text is
then given to OpenAl’s GPT model as an input prompt (with OpenAI’s Assistant API specif-
ically adapted for Terabot’s behavior). At the same time as the speech signal is received and
processed, the eye tracker gives information in the form of patients’ real-time fixation data
(position and duration) to the dialogue system. The fixation-signal-handling module simultane-
ously processes this data stream, illustrated in the right green rectangle of Figure 37. It checks
if the received gaze data is within the bounds of a selected area of interest (Terabot’s person
area) for a specified time. It is important to note that, as this is a dialogue system, speech is
considered the main signal. This means that the eye tracker serves as an enhancement of the
dialogue system. It is designed to deal with situations with no speech signal for the dialogue
system to process (meaning the patient, for some reason, does not speak for a long time). The
idea is that the fixation-signal-handling module will only send another text to the patient (in the
form of Terabot’s utterance) if no speech is detected for a specified amount of time and in the
selected area (experimentally determined, see Chapter 5). On the other hand, if the patient’s
speech is detected, meaning the patient responds to the questions posed, this module will not
be activated. The text from the fixation-signal-handling module or the answer from the GPT
model is then transformed into a speech signal using the Google Cloud Text-to-Speech service.

The same service as in the old version of Terabot was used, Google Cloud Text-to-Speech API.
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6.4 Offline tests — based on patients’ data

To simulate the patient’s gaze behavior as closely as possible, the gaze data from the con-
versations collected during the study (see Chapter 3.2) was used to test the performance of the
new multimodal system.

Since the new gaze-enhanced, LLM-based system responds to users’ gaze patterns, I ana-
lyzed its performance using patient fixation data. To do this, fixation points and their continuous
durations were examined when the patients did not respond. Figures 38, 39, and 40 show three
different, typical gaze behavior scenarios when the patients did not respond. In each of the
figures, the orange rectangle indicates the area of Terabot’s person (described in the figures as

AOI), whereas the grey line indicates the area of the screen.
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Figure 38: First type of gaze behavior cases (case A) during the prolonged waiting times for
answers: all gazes within Terabot’s person area

The first gaze behavior case (Case A), shown in Figure 38 shows the situation when all
fixations occur at the Terabot’s person. Since the patients’ gaze was present in this specific case
for 8 s (longer than the selected threshold), there is no doubt that the encouraging (E) utterance
would have been activated.

Another gaze behavior case (Case B) is presented in Figure 39, where the majority of fixa-
tions occurred outside of the screen (and additionally also some of them on Terabot’s person).
In this scenario, when the sum of all continuous fixations outside of the AOI would last longer
than the selected threshold, the presence check (PC) utterance would be activated. This logic is

presented in Figure 41.
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Figure 39: Second gaze behavior case (case B) during the prolonged waiting times: gaze
almost always outside Terabot’s person area.
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Figure 40: Third gaze behavior case (case C) during the prolonged waiting times: gaze both
within Terabot’s person area and outside the screen
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In the third gaze behavior case (Case C), shown in Figure 40, the fixation fluctuates between
the area of Terabot’s person, the screen, and outside of the screen. In this case, it is also im-
portant to examine the sum of all continuous fixation durations closely. The E utterance or
PC utterance would be activated if the gaze in the specified area lasts longer than the proposed
threshold.

Activate
Encouragement
utterance

Yes

Yes 4{Proce55 Speech normally]
—D@etected?

No

Fixation on AOI
detected?

Activate
Presence Check
utterance

Fixation
absencez X ?

Figure 41: Gaze-response decision logic, where X — waiting threshold [s]

Table 6 shows the analysis of all the cases (with the prolonged waiting time) and the proposed
threshold values for the utterance activations. When the proposed threshold is set to 7 s for E
activation, only twice would the utterance have been activated. With the same threshold value,
the PC utterance would have been activated eight times. This means that, all in all (when
choosing 7 s as the threshold value), in 10/28 cases, there would have been an activation of
the eye-tracking related utterances; that is approximately 36% of all prolonged waiting time
situations.

The proposed threshold can be set at 6 s to check if more successful utterance activations
would happen. When considering 6 s as the threshold value, it turns out that more successful
activations (for encouragement and presence checking) would take place. The number of E
activations would rise to 4, and the number of PC activations would increase to 14. This means
that in 18/28 situations, where the patient does not answer for a prolonged time, an eye tracker
would help. Thus, in approximately 64% of all these situations, the dialogue flow could be
helped using the eye tracker.

It may be worth considering whether the threshold should be lowered further. A test with a
5 s threshold has been performed, and it has been found that the number of successful utterance
activations did not increase compared to the 6 s threshold.

Therefore, I suggest that since this is a dialogue system for therapeutic purposes, this thresh-

old should not be lowered further. The reason is that every patient should have time to con-
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Table 6: Waiting threshold values and the belonging numbers of Terabot’s utterance

activations.
% of all prolonged
.. No. of successful No. of successful W?‘mng ume
Waiting threshold . o i o situations,
encouraging activation  checking activation )
with successful

activations
7s 2/28 8/28 36%
6s 4/28 14/28 64%
5s 4/28 14/28 64%

centrate and focus on the inner thoughts. A waiting time of just 3, 4 or 5 s could prevent
the creation of a calming and friendly environment, which is important for therapy sessions.
Instead, it would be perceived as pressure to respond, with no time for reflection, which is in-
consistent with the character of therapeutic conversations. As the analysis in Table 6 shows, the
optimum threshold value should be set to 6 s for the dialogue system, according to the offline
tests based on patients’ gaze data. This proposed value can also be further justified because the
average prolonged waiting time was calculated as 6.3 s (see Chapter 6.2). As a result of the
improved version of the dialogue agent using the eye tracker, this solution, with the suggested

threshold value, would allow most of the dialogues to return to their usual flow.

6.5 Real-time tests

As described in the previous chapter (Chapter 6.4), offline tests (based on patients’ gaze data)
succeeded when applied to the multimodal dialogue system; however the most desired approach
for dialogue system testing is verifying its performance with humans in real-life scenarios. To
compare the multimodal dialogue system with the previous version, it would require conducting
a whole new study on patients with schizophrenia. For now, performing such tests is impossible
(they are costly, time-consuming, and require adequate resources). Additionally, for ethical
reasons, this would require a new Ethics Committee’s approval; therefore, another approach to

testing was chosen. It is based on medical teaching research [128].

6.5.1 Participants: simulated patients and ‘““Teatr PW”’ theater actors

In the medical domain, for teaching and assessment purposes and to standardize clinical ex-
aminations, “simulated patients” (SP) are used. Sometimes, the term “standardized patients”
can also be found. People with this training can realistically portray patients with specific con-
ditions (sometimes in a standardized way where they give consistent presentations) [129]. In

the Polish academic community, this has been carried out at a medical university. This practice
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is observed in the examination of medical students, especially future psychiatrists. Actors and
actresses play roles of patients with defined medical and psychiatric disorders. During an exam,
the medical student aims to provide a proper diagnosis based on the patient’s behavior, speech
style, etc. There is scientific evidence that SPs can be a valuable addition to psychotherapy
education for psychiatry residents. It is not only considered a practical teaching and assess-
ment method, SPs can also provide valuable learning opportunities without raising concerns
associated with recording actual patients [128]. Therefore, the decision was made to test the
multimodal dialogue system with the help of actors and actresses of the WUT’s Theater (‘“Teatr
PW” theater) [130].

The “Teatr PW” theater consists of WUT students who spend their free time learning to act
professionally. The Director of “Teatr PW” theater is Grzegorz Sierzputowski, a Polish theater
and film actor, theatrologist, director, and cultural animator [130]. The actors were asked to

play the role of patients with psychiatric disorders.

6.5.2 Experimental setup and methodology

The tests took place in a closed, quiet room, with the experimental setup looking very similar
to the setup provided at IPIN (see Figure 21 in Chapter 3.2). The two photographs in Figure 42
show actors of the “Teatr PW” theater conversing with the dialogue system. The participants
sat in front of a screen with Terabot’s avatar presented and with the Gazepoint GP3 eye tracker
under it. In the left photograph of Figure 42, another laptop can be seen in the foreground, which
was necessary for real-time analysis of the new system’s logs during the dialogues. There, in
the right-hand window on the laptop’s screen, a real-time preview of the participant’s eyes can
be seen (thanks to the Gazepoint GP3 software), and in the left-hand window are the dialogue
system’s logs.

The first step was the design of special scripts for the actors, since the main objective was to
simulate the behavior of the patients as closely as possible. It was important to maintain a high
quality and keep as close as possible to conversation situations, such as with patients at IPIN.
I proposed four different patient behavior scenarios, which were observed during the study at
IPIN:

» “positively aroused” — engaged and enthusiastic, sometimes shouting at the system,
* “withdrawn” — shy and anxious, giving only brief answers,
* “neutral” — a little distrustful of the system’s operation, but willing to cooperate;

* “challenger” — intentionally inconsistent and sometimes giving bizarre answers.

A detailed description of these scenarios can be found in Appendix B. The participants had

to play one chosen role (choose a scenario) and hold one conversation with Terabot on a chosen
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Figure 42: Experimental setup: “Teatr PW” theater actors conversing with Terabot, a) seen
from the side with additional laptop for process control; b) seen from the participant’s
perspective

emotion (anger, shame, or fear). After preparations, gaze-enhanced LLLM-based dialogue sys-
tem tests were performed. In total, 20 conversations between the participants and Terabot took
place. The conversations lasted between 7 and 10 minutes (depending on utterance length and

scenario complication).

6.6 Analysis of the new dialogue system performance

Table 7 summarizes the conversations with Terabot. When it comes to the overall perfor-
mance of the new dialogue system, in all these cases, no situation would lead to a pause in the
conversation (as in the experiments with the older version of Terabot, see Chapter 3.3). From
the start of the conversation initiated by the participant until the relaxation exercise, all conver-
sations followed the guidelines and had the same order. OpenAl’s safety mechanisms ensured
that no inappropriate responses were received during the real-life tests.

Only in the case of conversations according to scenario D, where the participant acted as a
“challenger” (see Appendix B, which is based on actual patient behavior), the answers became
tricky or did not match at all. In those cases, the conversation did not come to an end, meaning
it had to be ended manually in the system. This is because the task was to challenge the system
literally, so the participant aimed to give answers that were out of its scope and sometimes

contradictory. Sometimes in those cases, no relaxation exercise could be proposed, and no end
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to the dialogue was suggested by the system.
These cases can be considered a possibility for future enhancements of Terabot to handle

such out-of-scope situations.

6.6.1 Eye-tracking response activation

During the conversations, the eye-tracking enhanced response activation took place at the
expected moments. It was observed that during the real-time tests, this response activation
succeeded 48 times. This is a success for the new dialogue system, since now, using the eye
tracker in this real-life scenario, where a dialogue pause was caused, it is indeed helpful and
maintains the dialogue flow. During these real-time tests, some situations arose where this
response activation was not appropriately activated. These can be divided into two main issues:
too quiet speech and interruptions in participants’ speech.

The first issue occurred when the participant’s speech volume (mostly when playing sce-
nario C, see Appendix B) was very low. In this case, the microphone did not catch the speech
signal. After the predefined time, when no speech was detected, depending on the presence
of the gaze, an appropriate eye-tracking enhanced activation of Terabot’s utterance took place.
Since their speech was not detected, some misunderstandings arose for the users. They realized
that the dialogue system did not register their answer, so they had to repeat it. It is worth men-
tioning that the same situation also took place when experiments were performed at IPIN with
patients.

The second issue occurred when the participants did not answer immediately. When they
were thinking about a response and finally decided to answer, in most cases, there was a col-
lision of two signal processing tasks. As already described in previous chapters, when, for
example, speech is not detected for 7 s (as described in Chapter 3.3.3), an utterance activation
takes place However, when the participant does not answer for 6 s and then starts to answer, the
speech signal processing can be slightly slower than the eye-tracking enhanced utterance activa-
tion process. In practice, this means that the participant started answering, but in the meantime,
the utterance activation process had started (and was faster than the speech signal detection).
In those cases, Terabot’s utterance was already activated. This resulted in interruptions of par-
ticipants’ answers by Terabot’s utterance. Unsurprisingly, such situations occur, since the topic
of proper turn-taking by dialogue agents is a major problem known in the literature [131-133],

and also in commercial dialogue agents (e.g. Duolingo).

6.6.2 Analysis of conversations

Results of tests on “Teatr PW” theater actors are presented in Table 7. When analyzing
the conversations (from the older and the newer version of the spoken dialogue system) the

following criteria were applied — a conversation was considered:
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* successful — if the conversation went smoothly from the beginning to the relaxation exer-

cise;

* not successful — when one of the following situations occurred:

1. the conversation was restarted against the user’s will, or

2. a Terabot’s response was repeated, or

3. the flow of the conversation was suddenly and abruptly interrupted (e.g., after the

greeting and the agreement to the conversation, a relaxation exercise was abruptly

suggested), or

4. Terabot’s response was completely inadequate and inappropriate for the situation

(e.g. failure to recognize irony).

Table 7: Results of tests on “Teatr PW” theater actors compared with the results of the older

version of the dialogue system

Version of Number of No. of'con—
versations
spoken Number of conversa- oy
. i . with issues
dialogue all conver- tions with
. other than
system sations successful
“ » flow-
Terabot flow
related
older version
(RASA-based) 190 138 89
5 (only the challenger) 1 17
multimodal
(LLM-based &
eye tracker
enhanced) 20 16 4
13 (without challenger’s sc.) 13 0
7 (only challenger sc.) 3 4

It is also important to mention that whenever a problem occurs during a conversation (as in-

dicated by the "No. of conversations with issues other than flow-related" column), this does not

imply that the conversation is unsuccessful. Sometimes, even in human-human conversations,

minor problems may occur, but the main message is still understood, and the speakers are not

uncomfortable or confused. The same logic was used in this case.
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Table 7 shows results about successful conversations with the older version of Terabot com-
pared to the new version (LLM-based and eye-tracking enhanced). In the older version of
Terabot, the most common problems that occurred during conversations were problems with
intent recognition, which sometimes led to disruptions in the dialogue flow or to abrupt restarts.
Detailed information about the solutions to these and other problems can be found in the pub-
lished research articles [134, 135], but will not be explained further, since they are not the aim
of the dissertation. When it comes to the analysis of the performance of the new version of
Terabot, as the results in Table 7 show, 80% (16/20) of conversations were successful. This per-
centage was calculated considering all conversations provided by the “Teatr PW” theater actors,
regardless of the chosen scenario (whether it was the "challenger" scenario or another). This is a
success for the new Terabot version, as it has exceeded the number of successful conversations
of the older system (study at IPIN); there, the number of conversations with successful flow was
72.6% (138/190). A deeper analysis shows that when only conversations in the non-challenger
scenario were considered (meaning 13 conversations with a non-challenging task were directed
to Terabot), all of those succeeded. This is a very promising and encouraging result for the
multimodal dialogue system version. The multimodal version of Terabot has been successful,
but it has also encountered some issues. The reasons for these incidents were as follows:

When the user’s utterance was out-of-scope: this happened when the user chose the “chal-
lenger” scenario. In cases where the user’s responses were completely irrelevant to the thera-
peutic conversation (e.g. asking for advice on washing white sports shoes), and the user posed
such questions three times in a row, the LLM produced no suitable answer. Instead, it simply
repeated the last utterance given by Terabot, regardless of whether it matched the user’s intent.

Too loud noises outside of experimental room: some people were conversing in a loud
voice next to the room in which the experiments took place. When the tester talked in a standard
or silent voice, the speech volume was probably not as loud as the background noises, which is
why sometimes the user’s speech was not recognized appropriately. This resulted in no speech
being detected by voice activation detection (VAD) in the ASR module, so the users had to
repeat the question.

Speech recognition problems: this problem only occurred once when a user responded in
informal Polish. The person said "no" in response to Terabot’s question, which means "OK" in
informal Polish. The Polish "no" was detected and transcribed as the English word "no" (which
is a negation). Terabot then interpreted this as the user refusing to answer the question. This
caused Terabot to respond appropriately (meaning that the user did not want to participate in
the relaxation exercise, etc.), and the dialogue ended. Since this was not the desired behavior, it
was perceived as an abrupt ending of the dialogue by Terabot.

Failure to recognize irony in the user’s utterance: in one case where the user selected the
"challenger" scenario, the person spoke ironically when describing a situation. This irony was
not recognized, so the LLM produced an unsuitable utterance and response tone. This happened

a couple of times since the user used irony in many subsequent answers.
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It is important to mention that these out-of-scope situations were not specified in the rules
of Terabot (in the Assistant API or system instructions of Terabot). As this is an issue related
to the operation of the LLM (here, the chosen model GPT-40-mini), it should be studied more
deeply. Thus, these situations serve as important indicators when considering future work on
Terabot.

6.6.3 Survey on participants’ satisfaction regarding conversations with
Terabot

After conducting the test on the gaze-enhanced LLM-based dialogue system, each partici-
pant filled out a survey on different aspects of the system. The results are shown in Figure 43.
The data shows that, according to the participants’ opinions, Terabot’s statements were under-
standable (mean value = 4.5/5). They also state that they felt understood while conversing with
the dialogue system. Terabot’s statements were received as relevant (appropriate) to the partic-
ipant’s utterances (mean value approximately 4/5). These promising outcomes show that users

responded positively to the new LLM-based, eye-tracker-enhanced system.

| felt that Terabot was responsive to my gaze.

I liked answering Terabot's questions.

Terabot's statements sounded natural.

Terabot asked meaningful questions.

| believe Terabot understood my emotions.

| felt that Terabot understood what | was saying.
Terabot's statements were relevant to my statements.

Terabot's statements were understandable to me.

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Figure 43: The “Teatr PW” theater actors’ satisfaction regarding dialogues with LLM-based
Terabot

Participants reported that Terabot sounded natural (mean value = 3/5); but in additional de-
scriptive opinions, many of them stated that they dislike the dialogue system’s voice. The reason
might be due to too high expectations towards Terabot, since, in general, the dialogue system
provided the actors with successful, meaningful conversations. Changing Terabot’s voice might
be one of the factors worth considering when thinking about further research.

When comparing the satisfaction results of the actors with those of patients at IPIN (see
Chapter 3.4, Figure 27), it can be concluded that both groups found Terabot’s utterances un-

derstandable. It is also important to note that both groups found Terabot asked meaningful
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questions. A comparison of the satisfaction results of these two groups shows that both patients
and actors highly rated Terabot in terms of emotional understanding (average score was around
3.2). To sum up, these satisfaction outcomes are a very encouraging and promising result in

terms of the further development of Terabot.

6.7 Conclusion

The offline tests with data from conversations at IPIN show that the new version of the
spoken dialogue system, which is gaze-enhanced, would help in situations where the dialogue
is set to pause. This has been described in the research article [136]. The real-life tests with
the “Teatr PW” theater actors showed that the new dialogue system was well received, with its
statements being understandable and relevant. This is a very important and promising result
because it demonstrates the potential for future research regarding Terabot.

There are several aspects worth changing (e.g., the voice of Terabot), especially considering
the testing of this dialogue system on patients with psychiatric disorders. What is also worth
thinking about is the collision of the speech signal processes and the gaze-based utterance ac-
tivation process; there might be potential for optimizing these processes. Another important
topic not to forget is the safety of Terabot’s responses, considering that they are LL.M-based.
An important next step should be an appropriate “response safety check filter” applied to all
responses received by the LLM, before they are spoken out by the TTS module to the user.

To summarize, the use of the eye tracker strongly improved the dialogue performance of
Terabot. The tests on the gaze-enhanced and LLM-based dialogue system prove that by using
the eye tracker, most of the problems identified during conversations at IPIN could be solved.
This means that the research objective “[RO3]: Enhancement of fluency of conversations
with a dialogue system by using an eye tracker” has been achieved.
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Chapter 7

Automatic assessment of patient

engagement

This chapter will address the issue presented in Chapter 3.3.4, which is the improvement of
the dialogue system with a functionality that would provide information about patients’ pres-

ence and engagement in the conversation.

7.1 Problem description

During the study at IPIN, an assistant was needed each time a patient wanted to talk to Ter-
abot. The assistant’s task was to note whether the patient was engaged in the conversation with
Terabot (the patient’s willingness to talk, concentration during the dialogue, etc.) or if there
were any unforeseen situations (e.g. if the patient suddenly stopped interacting with Terabot).
The psychiatrist was interested in how the conversations went (information gained through tran-
scriptions of the patient-Terabot conversation) and the overall behavior and engagement in the
dialogue. These two components were important for properly evaluating the patient’s progress
during this study. However, this approach was time-consuming. The idea is to use tools that
could be helpful and provide relief for people. This approach was also prone to human er-
ror. Although the main purpose of their notes was clear to all assistants, they were written in
different ways, from various perspectives, and did not always cover the same topics. Various
assistants reported the conversations in a variety of ways. This was uninformative for properly

evaluating the therapeutic sessions.
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7.2 Analysis of assistants’ notes on patient engagement dur-

ing dialogues

Table 8: A sample of assistants’ comments provided after patients’ therapy sessions with
Terabot, a direct translation of the notes from the Polish language.

Assistant ID Patient ID Provided note

Al P01 At first, he spoke quietly, Terabot 3 times did not respond;
“what would your body want to do if anxiety took control?” -
“I do not know”; after the exercise - “how do you feel now?” -
“I do not know”’; “did the exercise help?” - “no”’; when asked
after the session, he states that he finds it hard to recognize
what is happening to him when he feels anxious and does not

need the exercise now.

A2 PO1 visible symptoms of anxiety, tension

A3 P02 (session 1) The patient is a bit skeptical, worried that the con-
versation will be like with phone bots. After talking to Ter-
abot, he says “it was not so bad, he even understood me.” He
speaks clearly, at normal volume. There are no problems dur-

ing dialogue - everything is understandable.

P02 (session 2) The patient is a little frustrated that Terabot offers
the same exercise and expects something different despite the
same choice of exercise emotions. He expected a deeper dia-
logue about his problem. Responds vividly, in full sentences,
sometimes impatient. The patient is eager to talk and has a lot
of energy. Responds in full sentences and wants to go deeper
into the topic.

P02 (session 3) Patient is cooperative, willing to answer Terabot’s
questions, and delves into what ails him during dialogues.
Goes into detail during dialogues. He has many suggestions
for improvement and wants to get involved himself. He talks
about his problems even after talking to Terabot. He is open,

full of energy, and ideas.
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Assistant ID  Patient ID Provided note

A4 P03 (session 1) The patient is rather cautious toward Terabot, tend-

ing to respond only with incomplete sentences or yes/no.

P03 (session 2) Patient patient, even when Terabot asks for a repe-
tition he tries to describe it differently. He tries to perform the

exercise reliably.

P03 (session 3) The patient is already answering the Terabot’s

questions a bit more openly. Moderate voice volume.

A5 P04 (session 1) Eager to work with Terabot, calm, works with en-
thusiasm, Rating how much my presence interfered (0-100):
0.

A6 P04 (session 2) After being asked, if she remembered feeling
shame she answered “yes”, the Terabot did not respond for
a long while, she had to repeat “yes” - then he responded, dur-
ing the session the patient waited a long time for the Terabot
to respond also after her other answers, she did not do the

homework because she “did not feel anger yesterday”.

AS P0O4 (session 3) The woman brought the worksheets. Calm, com-
posed, attentive and focused on the session with Terabot
throughout. Eagerly completed the final questionnaire, Rating
how much my presence interfered during the session (0-100):
0.

Table 8 presents some of the assistants’ notes. The names of patients and assistants have
been changed into individual ID numbers. For example, the provided notes describe a situation
in which Patient POl was seen by Assistant Al one day and Assistant A2 on another day.
Analyzing the notes of both assistants, it can be seen that the first note is detailed, contains
quotations of the patient’s sentences, describes the patient’s behavior, and the volume of the
patient’s voice. The second note is very concise and describes the patient’s behavior/mood only
very briefly.

In summary, all the notes presented in Table 8 show that the different notes taken by the
assistants cover different aspects. Despite a commonly stated goal, different assistants pay
attention to different aspects during the patient-Terabot conversation. It can also be seen that
the focus of the notes is quite different and that the style of notes varies from person to person.

It is clear that each assistant considered different information to be important. When trying to
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find some commonly mentioned topics, they can be divided into several categories:

¢ information on the volume of the patient’s speech;

* information on the complexity of the sentences (sometimes a direct transcription of the

patient’s sentences);

* assessment of the patient’s involvement during the dialogue or during a relaxation exer-

cise;

* assessment in the form of marks on whether the presence of an assistant is disturbing

(patient’s feelings);
* information on whether the patient completed the questionnaire on the last day;

* information on whether the patient completed a homework assignment (i.e. filling in a

sheet describing the situations and overwhelming emotions experienced during them);

others, not mentioned in the example notes.

The provided samples of notes do not present objective, standardized data/information from
patient—Terabot conversations. Since information about the patient’s behavior is necessary for
the evaluation of the therapy sessions, a solution is needed that would provide clear, objective

results based on the data that can be easily compared (for all patients).

7.3 Proposed method

The main goal was to find an objective way to measure patient engagement. For this purpose,
I came up with the idea of using eye-tracking data. Authors of the research paper [137] sug-
gest that the exploration of different parameters (e.g., ECG, EEG) and the combination of them
allows user interfaces to collect information and distinguish between four attentional states of
the user while interacting (at rest, moving, thinking, and busy). Based on this idea, I came
up with the concept of combining audio data with eye-tracking data to gain insight into the
patients’ engagement during dialogues. Based on the experiences at IPIN, an engagement ma-
trix was proposed, which would enable differentiation between the most distinctive patients’
behavior. The concept of collecting and processing data from patient-Terabot conversations is
schematically illustrated in Figure 44.

After the patient has spoken to the dialogue system, a general assessment in the form of
a note could be automatically generated based on the speech/transcription and eye-tracking
data collected during the conversation. The concept of the patient’s engagement matrix con-
sists of analyzing two signals: the transcriptions of speech data and eye-tracking data. From

the transcriptions, the text can be analyzed, giving an idea of how open the patient was while
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Figure 44: Data collected to determine patient involvement during dialogues with Terabot

conversing. Concise answers like “yes/no” would indicate low engagement; while extensive
utterances with many intents indicate unnaturalness and/or even the patient’s verbosity. Addi-
tionally, eye-tracking data would be used to identify gaze contact with the dialogue agent, which
is considered an important factor in therapeutic sessions (as already pointed out in Chapter 5.5).
For example, if during the conversation there was very little or no eye contact (meaning the
patient’s gaze was not aimed at Terabot), this information should be noted to inform the psychi-
atrist.

As a result of the engagement matrix might help to distinguish between the following states:
if the patient is involved in the dialogue versus the patient not being involved (fewer words pro-
vided); and if eye contact is maintained versus no eye contact present during the conversation.
It could therefore attempt to automatically gather the patient’s involvement in the dialogue and

analyze the progress in therapeutic conversations.

7.4 Results

To get an objective assessment of the proposed solution, the transcriptions and eye-tracking
data of IPIN’s patients were used. Some patients’ data could not be analyzed due to data col-
lection problems (which have already been described in previous chapters). All the data that it
was possible to collect was analyzed. Looking at the results collected in Table 9, it can be seen
that different patients show different types of objective fixation data.

The data of Patient 04 indicates that this person experienced verbosity and had a significantly
longer average speech length than the other patients. Additionally, the eye-tracking data could
not be recorded due to the patient’s behavior. When comparing the fixation data between the
patients, one can see that the fixation duration times may differ (at Terabot’s person, at the
screen, or outside of the screen). Therefore, I suggest that the objective measures (e.g., fixation
data on Terabot’s person) should not be interpreted in terms of comparing numbers. In this case,
the zero-one information is the most appropriate, i.e. whether or not the patient’s gaze was
recorded in these three individual categories (Terabot’s person — screen — outside of screen).
If so, it means that eye contact was maintained during the therapeutic dialogue. If there was

no record of their gaze in any category or only their gaze outside of the screen or outside
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Figure 45: The proposed patient’s engagement matrix based on speech and gaze

Table 9: Information collected on patients’ eye-tracking and speech data.

Patient ID: o Fixation o
Fixation duration — Fixation
Short . ) Avg. word
. . duration — screen duration —
(subjective) , . count
] Terabot’s (not outside
patient R per utterance
. . person Terabot’s of the screen
description
person)
01
co-operative behavior 325s 0.52s 10.5s 3.8
02
not talkative 6.84 s 0.6s 14.5s 1.2
03
focused 10.29 s 0.2s 53s 1.0
04
verbosity - - - 9.7
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of Terabot’s person, then a psychiatrist would need to examine this patient and this behavior
more deeply. This information, together with the average word count per utterance, can give
information about whether the patient was engaged. Table 10 presents the solution of applying
the engagement matrix to the collected audio and eye-tracking data. Figure 46 shows a proposed

result in the form of notes, which could be given to the psychiatrist or psychotherapist.

Table 10: Result based on the proposed patient engagement matrix on patients’ data.

Fixation

Patient ID: . e . Fixation
Fixation duration .
Short duration data — duration  Avg. word
(subjec- data — count
tive) data — screen outside er Result
) Terabot’s (not p
patient de- erson Terabot’s of the utterance
scription P screen
person)
01
co-operative behavior 3.8 eye contact
involved
02
not talkative X 1.2 eye contact
few words
03
focused X 1.0 eye contact
few words
04
no eye
tact
verbose X X X 9.7 contact,
many
words

For a more in-depth and detailed analysis of the fixations during dialogues, a number of other
factors should be taken into account, e.g. the summed duration of blinks, time without detection
of the eyes, etc. Then it would even be possible to give the percentage of time looking at the
Terabot’s AOI or the total time beyond fixation on the screen. Furthermore, one must bear in
mind the difficulties in eye-tracking data collection at IPIN and that such a detailed analysis is
very challenging. Again, when considering the purpose of analysis, bearing in mind that the aim
is to provide only general information about the patient’s behavior while conversing, such an
in-depth analysis might seem overly detailed and unnecessary. This is why the result proposed

in Table 10 is considered to be fully sufficient.
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Patient 01: The patient was involved in the dialogue (spoke with an average word count of
approximately 4 per utterance). The patient maintained eye contact during the conversation with
Terabot. The person looked at Terabot's person and also outside of the screen while conversing.

Patient 02: The patient was not really involved in the dialogue (spoke with an average word count of
approximately 2 per utterance). The patient maintained eye contact during the conversation with
Terabot. The person looked at Terabot's person and also outside of the screen while conversing.

Patient 03: The patient was not really involved in the dialogue (spoke with an average word count of
approximately 2 per utterance). The patient maintained eye contact during the conversation with
Terabot. The person looked at Terabot's person and also outside of the screen while conversing.

Patient 04: The patient was very involved in the dialogue (spoke with an average word count of
approximately 10 per utterance).
INDICATION: This is worth analyzing deeper.

The patient did not maintain eye contact during the conversation with Terabot. The person did not

look at Terabot’s person, nor outside of the screen, while conversing.
INDICATION: This is worth analyzing deeper.

Figure 46: Proposed result in form of note about each patient’s engagement for the
psychiatrist
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7.5 Conclusion

The proposed solution shows that using an eye tracker in a dialogue agent in clinical practice
would allow the collection of identical information characteristics for each conversation. In
terms of limitations, it has to be stated that the proposed solution was based on the available
eye-tracking data of only a few patients. To confirm the validity of the proposed approach for
patient engagement assessment, this solution should be tested on a larger eye-tracking data and
audio dataset.

Nevertheless, the proposed approach is resistant to human errors. It would provide easily ac-
cessible information for every psychotherapist and psychiatrist interested in patient engagement
during therapeutic sessions. There would be no need to do a full analysis of the conversation
unless psychiatrists request it. It would save not only the valuable time of the medical special-
ists but also costs (there is no need to hire additional staff to be present during the therapy and
write notes).

As a result of this solution, the therapy sessions with Terabot do not require additional sup-
port. Any patient who is in need of a conversation can sit in front of the dialogue system.
These conversations, whenever they take place, can still be recorded and provide the psychia-
trist with information about the engagement of the patient. This approach makes the dialogue
system more accessible to patients whenever they want to talk, and not whenever an assistant
is available. The results of this chapter have been presented at the Third Digital Mental Health
Conference in Grenada, Spain. It can be stated that the research objective “[RO4]: Enabling
automatic user engagement assessment while interacting with the dialogue system” has

been achieved.
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Chapter 8
Summary and discussion

In this work, I focused on analyzing how the use of eye tracking can improve a therapeutic
dialogue system. I addressed several problems that arose during the study performed at IPIN.

The first main issue was whether the eye tracker could be used during the dialogues with
Terabot without prior calibration (Chapter 4). Since the study’s main aim was to provide the
patients with therapeutic conversations, it was impossible to perform a calibration beforehand,
as this could have discouraged the patients from opening up and disrupted their comfort. After
conducting experiments, the results showed that the average pupil size values and their cor-
responding confidence values indicated no difference in the data received with and without
calibration. Validating this hypothesis would require a larger study and confirmation through
statistical tests. Large-scale tests with uncalibrated data have been performed by other research
groups, e.g. [105,138,139]. Their results indicate that calibration is not always needed. Results
of the tests in my study, although conducted on a small number of participants, strongly suggest
a high probability that calibration of the Gazepoint GP3 eye tracker is not needed. This means
that the eye tracker could be used with a dialogue system without prior calibration. In this way,
the research objective “[RO1]: Investigating whether an eye tracker needs to be calibrated
when used in a spoken dialogue system’ has been successfully achieved.

During the experiments at IPIN, some issues arose when patients conversed with Terabot.
These issues caused the dialogue to pause, making patients feel uncomfortable. The first case
occurred when Terabot interrupted the patients’ answers. Patients gave answers that were some-
times very short or sometimes very long, with many pauses during their responses. The dia-
logue system did not recognize the pause appropriately, detecting it as the end of the utterance
and proceeding with the dialogue flow. Such problems, known from research articles on spo-
ken dialogue systems (e.g. [28]), and termed as’ endpointing’ or ’endpoint detection’, are very
challenging. In this case, when the patient had not finished speaking, Terabot’s utterances inter-
rupted the rest of the patient’s answer.

The next issue occurred when Terabot made the patients wait for its reply for a very long
time. When patients’ utterances were too quiet or too rapid, the ASR module could not detect

them as valid speech input. The microphone was still on, and the patients did not realize that
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their responses were not being recognized. This situation unintentionally paused the flow of
the conversation. Such waiting made patients feel insecure or even irritated. On the other
hand, there was also another issue: there were long periods of time where the patients did not
respond to Terabot. During this time, the microphone was still on, waiting for a speech signal
to be detected. The patients explained after the conversation that they wanted to think about
the answer deeply. Sometimes they reported that their thoughts went somewhere else, and it
took them time to come back to the conversation. In these cases, it was found that non-verbal
information (collected by the eye tracker) could be beneficial for the dialogue system, because
it could give non-verbal information about patient behavior in those cases. In order to solve
this problem, patients * fixation data from the dialogue system’s visual interface while they
were speaking the closing phrases of their utterances were analyzed. The results showed that
while finishing speaking, patients’ fixations were directed at Terabot’s person. This provided
a solution that could be incorporated into the dialogue system. Terabot’s utterances could be
activated when the patient’s utterance ends, thus speech had been successfully detected (and
come to an end), and at the same time, fixations were detected at Terabot’s person. Therefore,
the research objective “[RO2:] Analysis of areas of interest in the graphical interface of
the dialogue system” has been achieved.

Although this kind of mechanism of gaze-activated responses seems helpful for indicating
the closing phrases of patients’ utterances, there may be a significant risk. While supported by
the data analysis results, this solution could potentially make Terabot less accessible to patients
with schizophrenia. Since the aim is to make Terabot accessible to all patients in need, I decided
not to implement this solution to the dialogue system. In therapy, eye contact is important, but
it should not be considered important for the functionality of a dialogue system for therapeutic
purposes.

The next step consisted of designing and implementing a gaze-enhanced dialogue system,
which considered the previous results. Since research articles [57] provide evidence that LLMs
are increasingly being used for dialogue management, the new version of the dialogue sys-
tem was LLM-based. I used one of OpenAI’s GPT models, with Assistant API integration.
The new multimodal dialogue system showed that real-time eye-tracking data can indeed serve
as an additional input into a dialogue system, which enhances its functionality and improves
dialogue fluency. As a result, the research objective “[RO3]: Enhancement of fluency of
conversations with a dialogue system by using an eye tracker’” has been achieved.

To verify the performance of the new multimodal dialogue system, offline tests with patients’
data and real-time tests on users were carried out. The offline tests showed that the multimodal
dialogue system could activate more situation-appropriate responses when patients’ data from
IPIN was used. The real-life tests with “Teatr PW” actors demonstrated that real-time eye-
tracking data could support the dialogue in situations where no speech was detected in authentic
situations. These tests also showed that the new dialogue system was well-received, with un-

derstandable and relevant statements. This was a very important result, as it demonstrates that
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eye-tracking can enhance the dialogue flow.

The last issue that I addressed was that during the conversations there was no non-speech
related information about patient participation during relaxation exercise or conversation. In
the RASA-based version of the dialogue system, there was no means of contacting the dialogue
agent other than speech. This means that there is no place for any feedback from the patient
during the relaxation exercise. Since no speech is collected, there is no certainty that the patient
is even sitting in front of the screen and listening, or maybe has just walked away. I proposed
the idea of an automatic assessment of user engagement while interacting with the dialogue
system using eye-tracking data and audio data in the form of the patient engagement matrix
(in Chapter 7). This matrix concept involves analyzing speech transcriptions and eye tracking.
The text from the transcriptions can be analyzed to give an idea of how open the patient was
during the conversation. Additionally, eye-tracking data is used to identify gaze contact with
the dialogue agent, an important factor in therapeutic sessions. As a result of the matrix, a
short note is generated for the psychiatrist, which contains the most important information (if
there was eye contact with the patient during the dialogue and how talkative the person was).
This solution provides easily accessible information for any psychotherapist or psychiatrist.
There is no need to conduct a full analysis of the conversation, which saves the time of medical
professionals and reduces costs. It can be stated that the research objective “[R0O4]: Enabling
automatic user engagement assessment while interacting with the dialogue system. > has
been achieved. It has to be mentioned that the solution is based on the available eye-tracking
data of only a few patients. To confirm the approach’s validity, it should be tested on a larger
eye-tracking and audio dataset.

Finally, it is important to mention the key accomplishments through which the above-described

research objectives were achieved:

1. Performing preliminary eye-tracking tests on the topic of the necessity of calibration;

2. Performing extensive testing of the Terabot dialogue system;

3. Providing assistance at IPIN during dialogues between patients and Terabot;

4. Performing post-processing and analyses of collected eye-tracking data and ASR results;

5. Collecting a database of eye-tracking data combined with audio data (patient-Terabot

conversations);

6. Implementing a multimodal version of the dialogue system (speech-to-speech): with an

LLM-core (GPT model by OpenAl) and enhanced with real-time eye-tracking data;

7. Performing real-time tests of the new version of Terabot on the “Teatr PW” theater group.

In summary, the issues encountered with the spoken dialogue system have been successfully
solved using eye tracking. This means that the aim of this thesis ‘“The use of eye-tracking

can improve a therapeutic spoken dialogue system’ has been fulfilled.
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8.1 Limitations

Some issues need to be discussed in view of potential limitations. Whenever performing eye-
tracking experiments, especially with stationary eye trackers, it is advised that the participant’s
head should be kept as still as possible. This is important to ensure that high-quality data is
collected. However, as this could greatly affect the comfort of patients, it was not a requirement
for the patients at IPIN. The freedom of movement during the therapeutic dialogue was of the
utmost importance. This is the reason why some patients were moving (head or body) while
talking to Terabot. As already described in previous chapters, the reasons for that were that, for
example, the patients were at different stages of their illness, and some could not sit without
moving, while others sat in an uncomfortable position and remained in it through the whole
conversation (with fixed fixation outside of the screen). They also had different individual
concentration levels during the conversations (which was shown in the body movements while
conversing). This is why it was difficult and sometimes impossible to obtain more good-quality
data from the eye tracker. The analysis of the experiments (e.g. those presented in Chapters 5
and 7) was based on a smaller amount of data than the entire collected eye-tracking and audio
dataset.

Another idea for the use of eye-tracking data for the spoken dialogue agent was to measure if
they really felt relaxed during the relaxation exercise. This could have been analyzed by having
the pupil diameter data from relaxation exercises, with the data prepared accordingly before it
(e.g., measuring the baseline of each patient). But since not every patient could or even wanted
to perform the relaxation exercise, and because of their movements, collecting good-quality
pupil data from patients with schizophrenia became impossible. Again, this is the reason why
only some particular eye-tracking data was used for analysis.

This dissertation illustrates the challenges engineers must consider when developing HCI
solutions for individuals with mental health disorders. As can be seen, there is still much work

to be done in the area of computer-assisted digital mental health.

8.2 Further work

Despite all the work that has been done, it is important to note that there is still room for
further improvement of Terabot. The following possibilities can be considered.

In terms of average fixation times of Terabot’s interface, a closer look should be taken at
the “AOI buttons” area (mainly the “Reset” button and the microphone symbol). The average
and maximum fixation durations were comparatively high. The reason for this might be the
changing color of the microphone symbol during the conversation (it was black when Terabot
was talking with the microphone off, and it turned red when the microphone was on to record the
patient’s speech). During the conversations, as some patients discovered that the microphone

symbol changed colors, their fixations did not come back to Terabot’s face at all; it attracted their
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gaze till the end of the conversation. Because some patients were gazing at these areas, it should
be considered adjusting the colours so as not to attract the patients’ unnecessary attention. This
information is important when thinking about further development of Terabot’s interface.

There are also other topics worth exploring further, particularly when the aim is to test this
system again on patients with psychiatric disorders. As already mentioned in Chapter 6.7, the
multimodal activation between the speech signal processing and gaze-based utterance activation
should be analyzed more deeply. There may be potential to optimize these processes, SO no
collision will take place.

Another important topic is the safety of Terabot’s responses, considering that they are LLM-
based. Recently, there have been press reports about dangerous incidents involving the use of
chatbots based on LLMs, like ChatGPT [140]. These incidents demonstrate that Al is advanc-
ing and becoming more widely used by private individuals. This is why scientists and engineers
focusing on LLMs must prioritize making LLLMs safe and usable by the general public. Fortu-
nately, LLM companies (such as OpenAl) began to look into it more thoroughly [141]. They
report that they are improving how the GPT models respond during sensitive interactions. They
state that they are working on specific safety enhancements, particularly regarding emotional
dependency and mental health crises. Nevertheless, in the case of Terabot, an appropriate “re-
sponse safety check filter” should definitely be applied to all responses received by the LLM
before they are spoken by the TTS module. This is now done automatically by OpenAlI’s safety
filters, which is why no inappropriate answer was received during the real-life tests. However,
if this dialogue system is to be used in a psychiatric hospital again, it would be important to
implement its own filter and carry out further checks to ensure that patients cannot experience
any harm when interacting with Terabot.

During the tests, it was also recognized that whenever two or three subsequent questions
(posed by the participant) were out of scope, then the system would just reproduce the last
given answer, regardless of the intent of the questions asked. As this is an issue related to the
operation of the LLM itself, it definitely should be studied in more depth when considering
further research with Terabot.

After applying appropriate adjustments to Terabot, the dialogue system may be ready for the
next step: providing help during pilot clinical trials with patients with psychiatric disorders.
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Appendix A

Dialogue sample — chosen topic: anger

Table 11: Sample dialogue on anger between a patient and Terabot (in the Polish language).

Pacjent

Terabot

Czesc!

Dzien dobry! Jakie ¢wiczenie dzi§ wykonujemy?

Poproszg ¢wiczenie na temat ztosci.

Swietnie, witam Cie, pacjencie! Nazywam sie Terabot i po-
magam w Twojej terapii. Chcialbym z Tobg dzi$ przeprowadzic¢
¢wiczenie dotyczace ztosci. Czy wyrazasz zgodg, abySmy
porozmawiali?

Tak, spoko.

Dzigkuje za Twoja zgode. Przypomnij sobie jakie§ zdarze-
nie, ktore wywotato u Ciebie zto§¢. By¢ moze co$ takiego sig
zdarzyto w domu, w pracy albo na ulicy. Czy przypominasz so-
bie cos takiego?

No pamigtam...

Pamigtasz, gdzie to si¢ zdarzyto?

Podczas zakupéw w sklepie.

To prawda, przy zakupach tatwo o nerwowe sytuacje. Czy den-
erwujesz si¢ nagle, czy wybuchasz?

Zazwyczaj wybucham w takich
sytuacjach.

Zauwaz, ze z1o$¢ bardzo szybko narasta. Wtedy twoja uwaga
si¢ zaweza. Koncentrujesz si¢ na tym, co Ci¢ ztosci. Z kolei
ignorujesz wszystko, co normalnie mogtoby Cig zainteresowac.
Na przyklad, jesli ztoScimy si¢ na partnera, to zapominamy o
tym, jak bardzo go kochamy. Przypomnij sobie, jak odczuwasz
zto$¢ w ciele. Jak Twoje ciato wtedy reaguje?

Czuje, ze serce mi wali jak mtot.
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Table 12: Sample dialogue on anger between a patient and Terabot (in the English language).

Patient

Terabot

Hi!

Good morning! What exercise are we doing today?

I’d like an exercise on anger, please.

Great! Welcome! I'm Terabot, and I’'m here to help with your
therapy. Today, I would like to do an exercise with you about
anger. Is it all right if we talk about it?

Yes, it’s ok.

Thank you for your consent. Think back to an event that made
you angry. Perhaps something like this happened at home, at
work, or on the street. Can you remember something like that?

I do remember...

Do you remember where it happened?

While shopping at a store.

It’s true, shopping can easily lead to stressful situations. Do you
suddenly get nervous or do you explode?

I usually explode in situations like
this.

Notice how quickly anger builds up. Then, your attention nar-
rows. You focus on what makes you angry. Consequently, you
ignore everything that would normally interest you. For exam-
ple, when you’re angry with your partner, you forget how much
you love them. Remember how anger feels in your body. How
does your body react?

My heart pounds like a hammer.
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Appendix B

Scenarios for actresses and actors of
“Teatr PW”’ theater

In English:

Acting assignment description:
PATIENT IN SESSION WITH VIRTUAL THERAPEUTIST

Your mental state has not been the best lately. You are admitted to a psychiatric hospital,
where, in addition to drug treatment, you take part in therapeutic classes with psychiatrists and
psychotherapists. As part of your treatment, you also have the opportunity to talk to a virtual
therapist called Terabot, who can help you work through overwhelming emotions such as anger,

anxiety and shame.
* Behavior type A (‘“neutral’)

Initially, you are somewhat distrustful of Terabot and the system’s operation, but despite this,
you are willing to cooperate. You respond in a normal voice, sometimes using short sentences
and sometimes long ones. You pause for a moment to consider more difficult questions, looking
away from the monitor. You do not cause any problems during the dialogue and take part in a

relaxation exercise.
* Behavior type B (“‘positively aroused’)

Although you are apprehensive at first, you quickly become very engaged and enthusiastic
about the system. You shout when Terabot does not understand something. You generally
respond loudly, and your statements are short. You are a patient with a lot of inner tension,

which is evident in your expressiveness.
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* Behavior type C (‘“withdrawn”)

You approach Terabot shyly and anxiously, and this is apparent in every word you say. You
only respond briefly. Sometimes you stare at the screen for a long time without answering,
thinking for a long time. Participating alone is exhausting; you are afraid of how the conversa-
tion will go. You become too scared and give up on the exercise. You experience moments of

withdrawal and internal tension.
* behavior type D (‘“‘challenger”).

You test the system, sometimes providing inconsistent and sometimes bizarre answers. For
example, you choose an exercise on anger, but when answering questions related to anger,
you say that you do not have any problems with it. You are surprised by Terabot’s questions.
Sometimes, you do not answer at all for a long time, looking away while doing so, e.g., not

answering at all.
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In Polish (original):

Opis zadania aktorskiego:
PACJENT PODCZAS SESJI Z WIRTUALNYM TERAPEUTA

Twdj stan psychiczny nie jest ostatnio najlepszy. Trafiasz do szpitala psychiatrycznego, aby
tam podczas dluzszego pobytu, oprocz leczenia farmakologicznego, bra¢ udziat m.in. w zaje-
ciach terapeutycznych z psychiatrami i psychoterapeutami. Dodatkowo podczas Twojej terapii
rozmawiasz z wirtualnym terapeuta o nazwie ‘“Terabot”, ktéry moze pomdc przy przepracowa-

niu przyttaczajacych emocji takich jak np. ztos¢, lgk, wstyd.
* Typ zachowania A (‘“‘neutralny”)

Poczatkowo podchodzisz z pewna nieufnoscia do rozmowy z Terabotem oraz dziatania tego
systemu, ale mimo wstgpnego oporu chetnie z nim wspétpracujesz. Odpowiadasz z normalnag
glo$noscia, uzywasz czasem krétszych, czasem dluzszych zdan. Zastanawiasz si¢ dluzsza
chwilg nad trudniejszymi pytaniami, odwracajac wzrok od monitora. Nie stwarzasz zadnych

probleméw podczas dialogu, bierzesz udzial w ¢wiczeniu relaksacyjnym.
* Typ zachowania B (‘“pozytywnie pobudzony”)

Masz duze obawy na poczatku, ale jeste$ bardzo pobudzony/-a oraz entuzjastycznie nastawiony/-
a do systemu. Krzyczysz, gdy Terabot czego$ nie rozumie. Ogdlnie odpowiadasz bardzo
glosno, Twoje wypowiedzi sa raczej krotkie. Jeste$ pacjentem o duzym wewnetrznym napigciu,

ujawnia si¢ to poprzez duza ekspresyjnos¢.
* Typ zachowania C (“wycofany”’)

Podchodzisz do Terabota z duza nieSmiatoscia, lgk jest wyczuwalny w kazdym wypowiadanym
stowie. Odpowiadasz tylko zdawkowo. Czasami dtugo si¢ zastanawiasz, wpatrujac si¢ w ekran
przez dluzszy czas, nie udzielajac odpowiedzi. Sam udziat w badaniu kosztuje Ci¢ duzo en-
ergii, obawiasz si¢, jak rozmowa bedzie wygladaé. Zbyt si¢ boisz i rezygnujesz z ¢wiczenia.

Doswiadczasz momentéw wycofania i wewnetrznego napigcia.
* Typ zachowania D (‘“‘challenger”)

Testujesz system, dajac czasem bardzo dziwne, niespdjne odpowiedzi. Np. wybierasz
¢wiczenie na temat zloSci, ale podczas odpowiadania na pytania zwiazane ze zloScia, odpowiadasz,
ze nie masz z nig probleméw. Dziwisz sig, styszac pytania Terabota. Czasem nie odpowiadasz

wcale przez dtugi czas i odwracasz przy tym wzrok.
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