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Abstract

This thesis introduces the foundation for voice and speech analysis in Teach-R, a vir-
tual environment for teachers-to-be to train their classroom management. Teachers use
their voice on a daily basis and have to face various disruptive factors which can cause
a strain on the voice. To address this issue, a voice screening can be conducted wherein
the acoustic properties of the voice are assessed to ensure proper utilization of the vocal
apparatus. Additionally, speech analysis can be applied to investigate prosodic factors
of the speech of teachers to convey information to students. To implement these two fea-
tures, feasibility was examined based on existing approaches, and parameters relevant
to the target audience of teachers were discussed. In difference to a professional voice
screening, the analysis needs to be done on connected speech and serves the purpose
of helping user reflect on their usage of the voice, not to rate it. Several analyses were
planned and introduced, from which a foundation for voice and speech analysis was in-
tegrated into Teach-R. Through an evaluation the functionality, usability, and helpfulness
were assessed, with the result of the features being helpful to reflect on the usage of voice
and speech, but further refinements are needed for it to be a pleasant application.
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Chapter 1 Introduction

Speaking in front of a bigger audience is a situation that most people face at least once in
their educational or professional careers. Especially in the teaching profession, speech is
an important tool that is used throughout the day and must counteract many disruptive
factors. Through this setting, teachers have a higher risk of developing voice disorders
like hoarseness.

This topic is nothing new, but teacher training deals little or not at all with the use of the
voice. Several reasons for the burden of teachers” voices have already been found and
discussed, but even with recognized disorders, many teachers do not begin treatment.
One possible treatment is training the voice to use a tone that puts the least strain on the
voice and manages the volume and way of talking in general. To first investigate the
cause of a disorder, a voice screening can be done, which is a professional examination of
the voice.

To get a better estimation of the extent and impact of voice disorders on teachers, sev-

eral studies investigated the situation of teachers in this manner. From this, the neces-  Impact and
sity of proper training for the usage of the voice should be underlined. International Causes of Voice
studies show that teachers around the globe experience problems of hoarseness, in a  Disorders on
range from 27% to 75% (27% Saudi Arabia AAA18], 39.6% in Brazil [KAAA15], 42% in  Teachers
Nigeria[ ALAS14], 58% in Germany[NSE*20], 66.7% in Latvia [Tri17], 75% in Hong Kong

(Tang via [CM19])). Disrupting factors that might lead to a voice disorders of teachers

found in studies are age [Tril7], overload [ALAS14], [Wei07], malformation of the larynx,

benign lesions such as nodules or polyps or edema or scarring on the vocal folds[Wei07],

[MMBL17], years of teaching [ALAS14], [KAAA15], [Tril17], gender [ALAS14], [MMB17],

[Tri17], [NSE*20], environmental factors (noise[ALAS14], [dGF19], [MMB17], air pollu-

tion [ALAS14], [Tril7], [KAAA15], [dGF19]), stress and anxiety [KAAA15], [MMB17],

number of pupils in one class [MMB17], [dGF19], [AAA18], voice technique [MMB17],

subject area [Tril7], smoking [AAA18], number of hours of teaching per day [dGF19],

and type of school [NSE"20].

These factors are not consistent in all studies. For example, Akinbode et al. [ALAS14]  Differences in
and Alrahim et al. [AAA18] found no association between voice disorders and years of  Findings
teaching. Trinite [Tril7] observed a high prevalence of voice problems among music and

sports teachers, but not a statistically significant difference among various subjects. No

distinction between genders was found by Alrahim et al. [AAA18].

Some studies claim that fewer men report having or had problems with their voice com-

pared to women (cf. [KAAA15]). One reason for the gender factor could be the smaller

size of their larynx and their lower vocal power, according to de Sousa et al. [dGF19].

Jona Recker - Voice in Teach-R 3



1.1. The Burden of the Voice of Teachers
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In contrast, Nusseck et al. [NSE*20] established that fewer female teachers have physio-
logic voice problems compared to male teachers. They point out men recognize a change
in voice rarer as a potential problem than women. Additionally, Nusseck et al. [NSE*20]
state the hypothesis that younger teachers have a less general awareness of their voice.
They derive that by an increase in both age group and emotional stress and voice changes.
In general, Korn et al. [KAAA15] found only 32.5% of patients with hoarseness are
seeking medical advice. They underline their finding with reports from Da Costa et
al. [DCPRC12] of 32.6% of elementary teachers looking for medical care and another
outcome from Roy et al. with only 14.3% of elementary and secondary school teachers
searching for medical advice because of voice complaints.

Apart from disruptive factors that cannot be influenced by a teacher and their classroom
management to control the noise of the pupils, the voice of the teacher can be trained to
better withstand these challenges. To first get an impression of a teacher’s voice, what it
is capable of, and where it lacks some training, a speech analysis can be done.

“Voice disorders are mainly characterized by a persistent disturbance in the sound of
the voice. [...] voice disorders are also defined by limited laryngeal efficiency or vocal
endurance and sensations of laryngeal discomfort.” [AWNN20]. Voice disorders have
an influence on our voice and speech in the sense of voice quality or hoarseness, pitch,
or loudness. (cf. [AWNN20], [Roy03]). This is especially difficult for people in job do-
mains with a high share of speech, like teachers. Voice disorders or vocal dysfunctions
can be caused or amplified by vocal abuse and misuse, deterioration of general health,
environmental factors such as dry air, dust, classroom acoustics, excessive background
noise, psycho-emotional factors, and stress, lack of vocal education and training, length
of teaching service (cf. [vCWv12]).

One aspect to keep in mind is that a restricted voice might have different consequences
for both teachers and pupils. It is to say that not only teachers are influenced when they
suffer from dysphonia, but also pupils. In a paper by Chui and Ma [CM19] they in-
vestigate the influence on pupils of teachers with dysphonia. They found a significant
decrease in students’ performance when they listened to a recording of a person with
dysphonic voices. This is supported by outcomes from Nusseck et al. [NSE"20]. In-
teresting about this observation is, that they did not find a significant difference in the
influence of the performance when listening to a recording of a person with mild or se-
vere dysphonia. One possible explanation Chui and Ma state, is that listening to a person
with a dysphonic voice might be more difficult to process which takes the cognitive load
needed to process the understood information.

Another aspect that should be addressed, is the impact of different languages. Chui and
Ma [CM19] conducted a study on whether there is a significant difference in the perfor-
mance of pupils who are listening to English speaking vs. Cantonese speaking persons
without dysphonia vs. mild vs. severe dysphonia. The idea was to examine a language
with different segmental or suprasegmental features. English is a stress or accent lan-
guage, where syllables are emphasized. In contrast, Cantonese is a lexical tonal language,
which uses pitch to distinguish lexical or grammatical meaning. They did not find a sig-
nificant distinction between English and Cantonese, but an important limitation was, that
they only had Cantonese natives with English as a second language. If there is a possi-
ble influence on the type of language, e.g. stress vs. lexical tonal, future research needs
to be carried out. As German is similar to English, it is a stress-timed language, which
means that its rhythm relies on the regular occurrence of stressed syllables rather than
on a consistent timing between syllables like in syllable-timed languages. Hence, stress

Jona Recker - Voice in Teach-R



1.2. Voice Screening

is not as relevant as in the English language, but the result could be partially generalized
to German.

Voice complaints do not only influence the professional aspect of a teacher, but some

findings also state the impact on the quality of life in general or job satisfaction. This Influnce of

is established by Nusseck et al. [NSE*20] on findings by Lu D et al., Martinello et al.,  Dysphonia on
and, Hummel C et al. In their study, they found that teachers in Germany miss 24% of  Quality of Life
their workdays which are 1.2 days per year due to voice problems. A study by Roy et and Job

al., mentioned by Chui and Ma [CM19], conducted a telephone questionnaire with 2,400  Satisfaction
teachers and non-teachers in the United States. They state that teachers could be more

likely to have reduced job performance, miss more work days, and consider quitting jobs

due to voice problems.

With all this at hand, educating people on the matter of proper voice usage, especially
teachers, could improve teaching and to some part the personal life of teachers. This is
supported by Chui and Ma [CM19], who state that with the correct use of voice and vocal
hygiene, teachers have a lower risk of developing a voice problem.

To investigate the correct usage of the voice or potential disorders, a voice screening can
be done. Voice screening is an examination used to assess various aspects of a person’s
vocal abilities and characteristics. It is commonly utilized in fields such as speech therapy,
singing, acting, and broadcasting.

The purpose of voice screening depends on the context but generally includes evaluating
parameters like pitch, volume, tone, clarity, resonance, and overall vocal health. For the  Purpose of
health aspect, parameters like jitter and shimmer, roughness and other irregularities are  Voice

of importance. In the context of speech therapy, voice screening may be used to identify  Screening
any disorders in an individual’s voice production, such as hoarseness, vocal nodules, or

vocal cord dysfunction. This can help speech therapists tailor treatment plans to address

specific vocal issues.

In singing, voice screening can be used to assess a singer’s vocal range, flexibility, and
technique. It may also help identify any vocal habits or tendencies that could poten-
tially lead to strain or injury. For this purpose, several tests utilize singing as the basic
data source for investigations aimed at constructing a voice range profile. In acting and
broadcasting, voice screening is often used to evaluate an individual’s speaking voice for
clarity, expressiveness, and suitability for different roles or broadcasting purposes. This
may involve exercises to improve articulation, diction, and vocal projection. Similarly to
these two application areas, a voice screening is offered at the RWTH Aachen University.

The Chair for Contemporary German Language [Sti] conducts this screening and it is a

mandatory event for teachers-to-be at the RWTH Aachen. They use the software ling-  Voice
Waves by WEVOSYS [WEV] and perform the vocal load test with the participants. To  Screening for
do so, the participants have to hold different vowels for a certain time or as long as pos-  Teachers-To-Be
sible and read the standardized text Nordwind und Sonne. Next to the assessment of the

voice, workshops take place to train the participants in the basics of voice and speech

training. The complete goal is to get teachers-to-be in first touch with their voice, a short

professional assessment of their usage of the voice, and how they can train to get resilient

and persistent voice function. Similar offers exist at other universities, for example at the

Regensburg University [Anga].

Jona Recker - Voice in Teach-R 5



1.3. Teach-R

Overall, voice screening provides valuable insights into an individual’s vocal capabilities
and can be used to inform various aspects of vocal training, therapy, or performance.
Different measures are used, based on singing, holding a tone or vowel, reading stan-
dardized texts, interviews, and self-reporting.

Teach-R [Mmv23] is a VR application developed and in constant development by a team
of different universities in Germany. The main idea of the application is for teachers-to-be
to train their classroom management and especially build up knowledge on how to deal
with disruptions in the VR classroom. To do so, the users are placed in a virtual school
with different kinds of classrooms where they can conduct lessons.

One big advantage of a simulation is the possibility of creating repeatable or rare sit-

Application of ~ uations to practice how to deal with this kind of situation. Nevertheless, it does not

Teach-R substitute for the real environment. Instead, it could be considered more of a helpful
addition (cf. [HS23]). In more detail, users can train discussions and presentations in
class and how to deal with disruptive behavior in a classroom mostly caused by students
(cf. wiki of Git project [Anw23]). For instance, some disruptive behaviors are students
talking, throwing paper balls, or more specific to a subject, e.g. wrong handling of equip-
ment in the chemistry classroom. Several rooms are already implemented: some basic
classrooms with different seating plans, a chemistry room, a media lab, and a foreign
language classroom (see figure 1.1). Those rooms have theme-specific features like com-
puters, whiteboards, and chemistry equipment. A faculty room is implemented as well,
which serves as a tutorial and is currently reworked.

To control the general setting in a classroom, a desktop application has been created,
The Coach for named Coach (see figure 1.2). In the coach, the behavior of the students can be set, either
Classroom through selecting a behavior and applying it to students or by creating a scenario. Fur-
Control thermore, options like weather, volume, and lesson schedule can be changed through the
Coach in the VR application.

In the summer term 2023 a group of students added learning analytics to the application
using OmiLAXR [GHS23], an ecosystem for the integration of learning analytics in virtual

Learning reality. With the tracked data, three visualizations to reflect and evaluate a session were
Analytics for integrated. The visualizations are a heat map for position data, one visualization for
Teach-R showing the position over time and rotation of the user, and one representing the focus

of the eyes on students via eye-tracking.

As Heinemann and Schroeder already mentioned in their paper [HS23], integrating
learning analytics with different visualizations might be helpful to teachers-to-be to re-
view and reflect on their training. Using the data from the learning analytics combined
with the feedback from others, either the coach or other participants watching, the user
can benefit from many different aspects (c.f [HS23]). Additionally, the more diverse data
the learning analytics represent, the more precise an evaluation can be done and might
reveal unconsidered actions. To link up with the integrated learning analytics, the goal
of this thesis is to extend the range of learning analytics in Teach-R by adding an analysis
of voice to it. More on this can be found in section 1.4.

6 Jona Recker - Voice in Teach-R



1.4. Goal and Structure of this Thesis
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Figure 1.1.: A screenshot from Teach-R. The Figure 1.2.: A screenshot from the coach. The

frontal-lecture classroom. The view frontal-lecture classroom. On the
is from the teacher's desk onto the left are the different behaviors in
pupils at their desks. categories. On the right differ-

ent options to manipulate the active
classroom simulation, like volume,
weather, schedule, and scenarios.

The goal of this thesis is to implement a foundation for speech analysis into Teach-R
[WHLS21](former VR-Classroom), a simulation of an interactive classroom for teachers-
to-be to work on their classroom management. This analysis should build upon existing
voice screenings, for example, the one offered at the RWTH Aachen University. In con-
trast to a professional voice screening, the analyses should not only serve as a possibility
to reflect on the proper usage of the voice but also investigate the usage of the teacher’s
voice in a realistic environment. In more detail, the possibility of reflecting and evalu-
ating the session during and afterward should be given. Not only aspects like the vocal
range, but adapting the volume to the classroom, speaking comprehensively, and what
is spoken can be of interest.

However, since the users are not supposed to actively participate in the analysis, only
freely spoken text will be used for the analysis. A further limitation is the microphone of
the head-mounted display used for Teach-R, as well as the given possibilities from Unity,
in which Teach-R is built, and the scope restricted by the time of this thesis. This cuts the
aspired overall implementation goal to the following parts:

Managing recording in Unity via the Coach or in Teach-R

Some basic analysis on recorded audio in VR and in the Coach
Volume
Speech rate
Pronunciation
Pitch
Neutral speaking pitch

Vocal range
Speech to text
3D visualizations in Teach-R

2D visualizations in the Coach (an additional page in the coach)

Jona Recker - Voice in Teach-R 7



1.4. Goal and Structure of this Thesis

The final product in Teach-R should provide the users with some visualizations showing

the speech behavior of their session, in a two- and three-dimensional manner. Further-

more, the user should have the option to revisit their school lesson, i.e. be able to create

a clone with the recorded audio of the user, to experience their speech behavior. At last,

speech-to-text can be used to implement a change of behavior through a user’s verbal

instructions by using keyword recognition.

To do so, in the related work chapter 2, the very basis of phonetics and the emergence of
Structure of the voice is discussed. This is not only intended to serve as a foundation of this thesis
this Thesis but also for the further development of speech analysis in Teach-R. The full spectrum

of speech analysis cannot be dealt with in one master thesis, especially with the starting

conditions given by Unity.

In the chapter Conceptualization 3, first the restrictions and challenges are presented.

Additionally, the added features are planned for both, Teach-R and the coach.

Which of the intended features were implemented and how they are realized is discussed

in chapter 4.

To get feedback on the implementation result concerning functionality, usability, and

helpfulness, an evaluation took place. A detailed methodology and the results are writ-

ten in chapter 5. What can be concluded from the evaluation is also critically weighed up
in this section.

Chapter 6 contains an overall review of the thesis. Next to a discussion and conclusion,

it explains the limitations and future work.

This thesis is done partly in cooperation with Jasmin Hartanto and her master’s the-

sis “Evaluating Classroom Management in VR using Multi-Modal Learning Analytics”.

The cooperation is based on the joint participation in the research focus class in 2023.

Together, the visualization menu was redesigned and general mutual consultation and

research was done.

8 Jona Recker - Voice in Teach-R



Chapter 2 Related Work

To implement voice screening into Teach-R, basic knowledge is gathered to establish a  Structure of
foundation backed by research. This is done by firstly finding parallels and differences  this Chapter
between voice analysis and speech analysis. Speech analysis was added to this project

because both areas partly use the same data source and speech analysis can further en-

hance the feedback by looking at prosodic aspects. Subsequently, both types of analysis

are discussed in the following sections. A short excursion to the topic of mood or emo-

tion analysis is made, as it is an active topic in research. Lastly, existing approaches and

further aspects that ought to be taken into account are debated in the last section.

Speech science and the analysis of speech are two distinct, but related fields within the

study of verbal communication. While both disciplines have several similarities in un-
derstanding how humans convey meaning through sound, they differ in their specific
focuses, methodologies, and objectives, as discussed later.

Speech science, on the one hand, is the study of how speech is produced, transmitted, and  Speech/Voice
received or perceived. One part of it is the analysis of the voice in the area of phonetics, Science
which is the study of what happens physically, i.e. when humans talk and how sounds

are produced in the human body (cf. [Mac23]). Among others, it focuses on examining

the qualities and characteristics of an individual’s voice, such as pitch, tone, intonation,
rhythm, resonance, and timbre. Furthermore, it can be used to investigate changes in the

voice that can be caused by disorders (cf. [MSD14], [BH97]). It is often applied in areas,

such as voice coaching, acting, and singing as well as scientific approaches like acous-

tic analysis and spectrography (cf. [BDB15]). The primary objective of voice analysis

varies depending on the context. Voice analysis may be utilized in fields such as acting

to convey a character’s emotions convincingly, singing to enhance vocal performance, in
therapy to address vocal disorders or in investigations for voice identification. For teach-

ers, the medical aspect is important, as their voice is the foundation of their profession.

Also, emotions seem to play their part as teachers are contact persons for their students

as discussed in section 1.1.

Speech science and speech analysis overlap, as they involve understanding how vo-

cal qualities influence persuasion, emotion and rhetorical effectiveness. The analysis of  Speech
speech, on the other hand, focuses on linguistic elements, including phonetics, phonol-  Analysis
ogy, syntax, semantics, and pragmatics. Aristotle created the area of rhetoric and de-

fined it as “the faculty of observing the available means of persuasion, in any given
situation.”[AFA06]. It evolved to explore more than speech communication, but speech,
representation, and power used to persuade (cf. [Hal22]). The objectives of speech
analysis typically revolve around comprehending language structure and usage, such

Jona Recker - Voice in Teach-R 9



2.2. Creation of Sounds and Speech

as studying language acquisition, determining dialectal variations, analyzing discourse
patterns, investigating linguistic phenomena or developing speech recognition systems.

Although both fields have a certain overlap, they employ different methodologies for
their specific focus and objectives. In summary, speech science and speech analysis are
complementary disciplines within the broader study of verbal communication, each con-
tributing different insights to how humans communicate through sound. For the sake of
simpler distinction, speech science is called voice analysis in this thesis.

To first understand which types of acoustic measures exist, a further introduction to the
emergence of the voice ought to be. This subchapter is based on the textbook by Seidner
and Wendler [SW97]. If not stated otherwise, the information is taken from this book.

Sound The voice is a sonic phenomenon that is based on oscillations of particles. These oscil-
Transmitted lations can be perceived by the sense of hearing over the eardrum through a series of
through Sonic  pressure differences. Those pressure differences need to happen between 20 to 20,000
Waves times a second to be audible for a human. Additionally, the speed of sonic waves in the

air at a temperature of 20° Celsius and normal pressure of 344 m/s can vary in length
between 2cm to 5m.

Important Four important characteristics of the sonic phenomenon are frequency (subjective pitch),
characteristics ~ sound pressure (subjective volume), spectrum (subjective timbre), and duration. The
of Sound frequency is the number of oscillations per second and is measured in Hertz (1Hz =1

oscillation per second). As a physical measure of sound pressure, the relative scale of
Decibel (tenth of a Bel) is used. It is an auxiliary measurement unit of the common loga-
rithm to better compare the subjective volume. Finally, the spectrum describes the range
of frequencies that compose a sound. A pure tone is a periodic oscillation pattern, e.g. a
sine wave, but the most common sonic phenomenons are combined and form complex
oscillation patterns.

Creating of To create a tone, an interaction at the glottis, between the muscles in the larynx and breath

Sound in the pressure, or airflow during exhalation, takes effect. First, the vocal folds are closed. The

Human Body ~ pressure and the muscles open the vocal folds and lead to an oscillation of the vocal folds
determined by the mass, length, and pressure of the vocal folds. The pressure is then
released by opening the glottis, resulting in a pressure drop below and, consequently, a
closing of the vocal folds.
This is a very brief and simplified description of the complex process but should suffice
to get a basic understanding for this thesis. For visual insight, figure 2.1 and 2.2 show
the larynx in some detail. Figure 2.1 displays a picture taken near the epiglottis showing
the vocal cords and further parts of the larynx. For a better overview, figure 2.2 shows an
illustration with more exact locations as a vertical cut-through of the larynx. Not only the
larynx is relevant for creating tones, but also the articulators and the lungs, for creating
air pressure. The articulators lie above the larynx and consist of the tongue, cheek, lips,
et cetera. Its purpose is to articulate and filter the resulting sounds from the vocal cords.

Changing The pitch of the voice can be changed by varying the tension of the vocal cords. To raise
Pitch the pitch, the tension must be increased and vice versa but also the air pressure is in-

volved. To modify the tension of the vocal cords, the thyroid cartilage is modified by a
Changing group of muscles, for example, the vocalis muscle (cf. figure 2.1, 2.2). A change in the
Volume volume is archived mainly by the amount and speed of the air, i.e. the exhalation pres-

sure. When increasing the volume, the vocal cords are brought closer together, leading
to a higher frequency. To decrease, the opposite happens: the tension is reduced and
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Figure 2.1.: A foto of the larynx with numbers Figure 2.2.: An illustration of the larynx and the

on each part, namely 1 = true vo- vocal folds with descriptions of each
cal cords, 2 = false vocal cords, 3 = part, namely the epiglottis, the hy-
epiglottis, 4 = aryepiglottic folds, 5 = oid bone, thyrohyoid membrane, false
arytenoid cartilage, 6 = pyriform si- vocal cords, true vocal cords, thy-
nus, and 7 = base of the tongue. - roid cartilage, trachea, cricoid carti-
I, Welleschik, CC BY-SA 3.0 via Wiki- lage, vocalis muscle, and ventricle
media Commons (beginning at the top and counter-

clockwise). - Cenveo, CC BY 4.0 via
Wikimedia Commons

the vocal cords may not be fully closed. A lot of different factors influence the timbre of  Changing
the voice. Some of the potential factors are the state around the glottis, the length, and  Timbre
thickness of the vocal cords, and the condition of the mucous membrane. Without the

influence of the vocal tract, the difference between the sounds directly from the glottis
compared to what sounds leave through the mouth, the audible result is not compre-

hensible because they have no space to spread. The vocal tract alters barely during the
phonation and, therefore, impacts the individuality of the voice. It acts as a resonator

to amplify certain frequencies by directing the sound’s sonic waves through different
chambers. The size and shape of these chambers can be modified using movements of

the tongue, lips, and jaw.

There are a lot of different methods that are meant to evaluate various areas, i.e. vi- Overview of
sual analysis, perceptual evaluation, aerodynamic measures, acoustic analysis and self-  Methods
evaluation. Barsties and De Bodt [BDB15] conducted a meta-analysis on the state-of-the-

art assessment of voice quality in 2015. Objective acoustic analysis describes the assess-

ment of the sound via automized methods, usually on sustained vowels, focused on in

this thesis. They found by investigating the individual measurements that reliability and

validity are rather poor. However, they claim that a combination of parameters could

https:/ /commons.wikimedia.org/wiki/File:Larynx_normal.jpg (accessed 14.11.2023)
https:/ /commons.wikimedia.org/wiki/File:Anatomytool_larynx_and_vocal_cords_English.jpg
(accessed 14.11.2023)
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improve these. In order to diagnose and check on the voice for medical purposes, sev-
eral methods are recommended in Europe and the USA, namely the voice range profile,
irregularity measurements, sonograms or spectrograms, and combined parameters for
classifying voice disorders (cf. [BB14]).

Voice Range A voice range profile describes the range of volume and pitch when speaking or singing.

Profile This can be measured by a phonetogram which maps the result to a graph with the fun-
damental frequency in semitones at the x-axis and the sound pressure level in decibels
at the y-axis. It serves as a common frame of reference for various voice measurements
and can be used in clinical, pedagogical, and research settings to analyze and understand
voice production (cf. [TPS16]). To do so, the participant produces sustained phonations
at different pitch and loudness levels [BB14]. As presented in [TPS16], the voice range
profile involves several limitations. The variability is an important factor according to
Ternstom et al., as voice production is based on large individual variations and sum-
marizing all aspects of voice production into a single image is very difficult. It focuses
mainly on fundamental frequency and sound pressure level which do not capture all
aspects. Therefore, further measurements might be necessary for a comprehensive as-
sessment. Finally, the interpretation of the visual results requires prior knowledge in the
field and can depend on the model used to interpret the results, for example, different
statistical models or voice pathology models.

Irregularity Irregularity measurements investigate mainly the jitter and the shimmer. The jitter re-

Measurements  flects the fluctuations of pith between two acoustic oscillations, while shimmer assesses
the deviation between the volume between two acoustic oscillations (cf. [BB14]). A com-
mon way to measure the irregularities, is by requesting patients to hold the vowel /a/.
Fourcin [Fou09] discussed the possibility of assessing voice irregularities, e.g. jitter, by
studying healthy voices and examining how vocal cords move during speech. From
this, abnormal voices can be better identified and clinicians can objectively assess voice
irregularity and quality. This measure is limited by the dependency on the correctly de-
tected fundamental frequency and the volume. To rightfully identify those parameters, a
healthy or slightly hoarse voice can be used [BB14].

Sonograms and ~ Sonograms or spectrograms are used to represent the complete sound spectrum of a

Spectrograms ~ voice, i.e. the fundamental frequencies and the corresponding overtones. Information
about the resonance function can be derived from this, as the overtone spectrum is influ-
enced by the size and shape of the vocal tract [BB14]. To be more precise, sonograms or
spectrograms provide a visual depiction of the various components of a voice, including
fundamental frequencies (pitch) and harmonics (overtones), allowing for detailed anal-
ysis of vocal characteristics, such as pitch range, timbre, and resonance. Spectrograms
represent sound in a detailed manner, which allows the creation of sound based on a
spectrogram (cf. [Ana]).

Combined For combined parameters, Brockmanmn-Bauser and Bohlender mentioned the Dyspho-

Parameters nia Severity Index. It considers the highest frequency, lowest intensity, maximum phona-
tion time, and jitter (cf. [WBM™00]). With a weighted combination of these parameters,
the quality of the voice can be assessed, i.e. having a low score of the DSI can be regarded
as having a dysphonic voice. The parameters are calculated from acoustic analyses of
sustained vowel phonations.

Examples of To conduct the introduced methods, several software tools exist, both for a fee and free of
Tools charge. The Chair of Contemporary Art uses lingWAVES by WEVOSYS [WEV]. Besides
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acoustic assessment, they offer software for endoscopy, swallowing diagnostics, high-
speed video endoscopy, nasality analysis, velopharyngeal opening, and electroglottogra-
phy. For the acoustic assessment, methods such as voice protocol, standard voice analy-
sis, vospector, or the Goettingen Hoarseness diagram are available. The aforementioned
methods can assess parameters like the s/z ratio, maximum phonation time, fundamen-
tal frequency, loudness, voice quality, jitter, shimmer, and breathiness. For an example
of a free product, Praat [Pra] an open-source software developed by Paul Boersma and
David Weenink at the Institute of Phonetic Sciences at the Univerity of Amsterdam. It
offers analyses like spectrograms, pitch, format, irregularities, or intensity, but can syn-
thesize speech as well, for example from pitch, formant, and intensity.

After comparing which parameters are used by different methods, this section investi-

gates into what these parameters are and how they are measured. For this, the Master
Handbook of Acoustics [EP22] gives an overview of physics. If not stated otherwise, the
information presented is from that book.

Sound needs an elastic medium to propagate, for example, through gases, liquids or  Propagation of
solids. If a sound is produced in a vacuum, nothing can be heard. It can travel through  Sound
obstacles like solids, but will lose intensity or is entirely absorbed [Ash21]. The waves

spread out evenly in all directions from the source until they decay if they are not inter-

rupted by obstacles. Without obstacles, the sound intensity decreases as the square of the

radius, while the sound-pressure level decreases by 6 dB whenever the distance is dou-

bled. Sound can be represented as amplitudes or energy, e.g. when the distance between

the peak of the upper half of the wave and the trough separating the waves increases,

loudness increases (cf. [Ash21]). Furthermore, the amplitude is described by frequency

and the number of oscillations, at which the waveform repetitions per second, whereas

the intensity describes the length of the amplitude.

Compared to a simple sine wave, speech and music build complex waveforms. These
waveforms are comprised of several combined simple sine waves, which can be sepa-

rated with Fourier transformation. Two similar measures of sound are the sound pres-

sure level and the sound intensity. While the sound pressure level focuses on the pressure

variants caused by the sound waves (expressed in dB), the sound intensity reflects the ac-

tual energy transferred (expressed in W /m?).

Going over the parameters often used in acoustic analysis, a short overview of what those
parameters are and what they state is presented. Firstly, the fundamental frequency or FO,  Fundamental
describing the first harmonic is widely used to characterize the human voice. Christina  Frequency
Oliveira et al.[COGM21] state that, physiologically, the fundamental frequency is deter-

mined by the number of glottal cycles performed by the vocal folds per second, which is
influenced by their length. Longer vocal folds result in faster glottic cycles and a higher
fundamental frequency. The analysis requires defining the recording task, as vocal sig-

nals exhibit differences in sound energy between the initial and final portions of vowel
stretches. Sustained vowels are preferred for analysis due to easier control and standard-

ization of phonation production. The fundamental frequency can be extracted from the

list of frequencies by applying a Fast Fourier Transformation and magnitude spectrum

analysis (cf. [DKI23]).

Jitter and shimmer are values of irregularities in the sound. Jitter is a measure of the Jitter and
variation in the period length of the fundamental frequency (cf. [BRZ"22]). Shimmer, on  Shimmer
the other hand, represents the variation in the amplitude of the fundamental frequency

(cf. [BRZ"22]).
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Harmonic to Harmonic to noise ratio (HNR), specifies the relationship between the harmonic part vs.

Noise Ratio noise, the periodic component, and the aperiodic component (cf. [FTG"18]). It is ex-
pressed in decibels (dB) and reflects the general frequency content of the speech. Differ-
ent vocal tract configurations result in variations in HNR values, with vowels containing
higher frequency content having lower HNR values compared to those with lower fre-
quency content. HNR is sensitive to differences in vocal tract resonance, making it use-
ful for assessing vocal quality and speech clarity in various applications such as speech
pathology and voice recognition technology.

Maximum Maximum phonation time measures the longest duration a person can sustain a vowel
Phonation sound (cf. [SBP10]). From this, information can be derived about the overall vocal qual-
Time ity, pitch, steadiness of sustained tone, and loudness [SM77]. It is considered an objective

measure by measuring it on a sustained vowel after a maximal inspiration (Neiman and
Edson via [SBPT10]). As this measurement is criticized in validity, [SBP*10] found a sig-
nificant increase in the validity of the method was done repeatedly and taking the mean
result on the same day (0.836), or higher on two different days (0.911).

Speech Rate Speech rate or speaking rate is the speed of speech referring to produced words or sylla-
bles. It often is measured in words per minute or syllables per minute, but also considers
the pauses between words (cf. [SBCWI18]). The average speech rate strongly varies
due to different factors, for example, language, dialect, and gender. Matsuura et al (via
[SBCWI18]) provide some values for these factors, for example, an American English
male speaker has on average a speech rate of 245 syllables per minute, while a female
speaker has on average 254 syllables per minute.

Voice Range As the name suggests, the voice range represents the range of the tones a voice can pro-
duce or in other words the maximal voice capacity in terms of sound pressure level and
fundamental frequency. It is often measured with a voice range profile as presented in
section 2.3. The participant is asked to hold phonations at different pitch and loudness
levels, for example, as it was tested i.e. in a study by Sanchez et al [SODH14].

Volume The volume of the voice can be derived from the intensity of the sound wave. It is usually
measured from the lowest to the highest volume a person can produce (cf. [BB14]).

Pitch As a subjective measure, pitch is not a linearly related function of frequency [EP22]. For
example, a 1-kHz signal can have a different pitch if the level is increased depending on
the sound pressure. It is dependent on the frequency and intensity, i.e. when the intensity
rises, a low tone has a low frequency, while a high tone comes with a high frequency.

Timbre Timbre is the perception of the tonal quality of complex sounds (cf. [EP22]). It describes
the difference in perception, for example, when two different instruments play the same
pitch. The number and relative strength of the partials of a wave determines the timbre.
Similar to frequency and pitch, timbre is the subjective counterpart of the spectrum.

As the goal of this thesis is to implement voice and speech analysis into Teach-R, the fea-
sibility of it on free or connected speech solely needs to be evaluated. In research, several
different phrases are used for freely spoken speech, for example, running or connected
speech. All refer to speech that utilizes words for utterance but can differ by using stan-
dardized texts or just a topic. Barsties and De Bodt [BDB15] claim that objective-acoustic
parameters can barely be utilized on connected speech. They state, that the application
of common parameters must be separated into voice and non-voice segments before they
can be used. Still, some approaches are based on free speech for voice analyses.
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The differences between airflow patterns during either sustained vowels, running Airflow
speech, or phonation in running speech were investigated by Gilman et al. [GMH19].  Patterns
They used a professional setup to assess the airflow patterns during sustained vowels

and running speech and calculated the flow rate during phonation in running speech by

only looking at the mean flow rate during phonation. For the sustained vowels on the one

hand, the participants were asked to hold an /a/ for five to ten seconds at a comfortable

pitch and volume. On the other hand, to get free speech samples, all participants should
describe the same picture. Through this, they found significant differences between the

overall mean airflow rates (P = 0.0152) and between the sustained vowel and phonation

in running speech (P = 0.021). No significant difference in airflow rate was detected be-

tween the sustained vowel and running speech (P = 0.051) and between running speech

and phonation in running speech (P = 0.94). They conclude that the variance should be
considered, even if some correlation is present. This is an interesting finding, as they en-

tirely focused on free speech and no standardized text, which is the same requirement for

this thesis. Moreover, it can be used as a foundation for analyzing the impact of parame-

ters on connected speech, which usually is done on sustained vowels. The results might

differ, but the results could be given relative manner instead of absolute values and be

used for giving a first impression to the user. For an overview of different approaches

done in the last years, some research is presented in the following.

In a study by Borrego et al. ([BGB07]) they investigated the development of the voice of  Frequencies,
a radio announcing course before and after the course. Based on those recordings, the  Vocal Range,
experimenters analyzed among other things the mean, minimum, and maximum fun-  and Speech
damental frequency, frequency range (Hertz and semitones) [above mentioned as vocal Rate
range], and sentence and pause duration [above mentioned as speech rate]. To accom-

plish this, they used Visi-PitchIll/Sono-Speech (Model 3900/3600) from Kay Elemetrics

(Lincoln Park, NJ) that extracts values of time (seconds), energy (decibels), and pitch

(Hertz) in real-time.

Another study that used the same tool to analyze connected speech was done by Intonation,
Medrado et al. ([MFBO5]). They asked voice-overs to read some short sentences like  Frequencies,
“Brazil is worth this emotion!”. They examined similar parameters of speech, namely the  Vocal Range
total text length, the total pause length, the length of the three emphatic pauses selected

for this analysis, values of the mean, minimum, and maximum fundamental frequency,

and the semitones range. By taking these two findings together, possible parameters to

investigate on running speech can be the fundamental frequency, the vocal range or

pitch, speech rate.

Taking the capabilities of human sound processing into account, Fourcin [Fou09] investi-  Vocal Fold
gated voice irregularity in connected speech. It is noteworthy that he not only mentions  Frequency
acoustic measurements in his paper but also discusses deriving the possibility of objec-
tive measuring irregularity in connected speech from the ability of the human to do so.
More precisely, the vocal fold frequency can be determined by looking at normal versus
“unaccaptable” irregularity in voice pitch. The vocal fold frequency provides insight into
voice quality and laryngeal function. He concludes that connected speech material can be
effectively used for the objective assessment of primary physical aspects of voice quality.

For a last approach, Fraile et al. [FGS™13] compared spectral power distribution on  Frequencies
sustained vowels and connected speech. Spectral analysis in this context refers to the
process of examining the frequency content of a voice signal. One approach for this is
to represent the frequencies in a spectrogram, as discussed before. This analysis was
done on a database containing recordings of each participant holding a vowel and con-
nected speech, here the first three sentences of the standardized text Rainbow Passage[Rai].
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Their results match with previous findings that the relevance of spectral tilt better per-
forms on running speech. Furthermore, dysphonic voices showed a higher increase in
high-frequency power compared to normal voices during running speech, making high-
frequency power a potential indicator of dysphonia in this context. On the contrary, the
stability of spectral power was not as strong of an indicator of dysphonia in running
speech compared to sustained vowels.

Summarizing these findings, analysis of connected speech might be more suitable for
certain aspects but ought to be compared with existing analysis on sustained vowels.
Another approach would be to investigate new methods for analyzing specifically con-
nected speech or create synthetic data from connected speech for existing analysis on
sustained vowels.

Prosody for As mentioned before, not only the analysis of voice can assist a teacher in their workday,
Speech but analyzing aspects of speech can further improve their teaching skills. For example,
Analysis looking at the prosodic aspects of a teacher’s presentation could help to convey informa-

tion. McCabe states that prosody investigates how voice dynamics, pitch, speech rate,
and timbre influence the meaning of what was said (cf. [McC17]). He expands that only
looking at word meanings makes it difficult to understand the expression of emotion, so-
cial values, and semantics. One part of the study of prosody concentrates on the analysis
of acoustic properties, like the fundamental frequency and duration patterns (cf. [Pro12])
similar to voice analysis discussed before.
Parameters for -~ Not only should the parameters be considered that are possible to realize, but also those
Teachers that are interesting for the target audience of Teach-R, i.e. teachers-to-be. Additionally,
next to the parameters examining the health and proper usage of the voice, parameters,
and techniques to analyze the lesson from other perspectives might be interesting. The
role of a teacher could be described as versatile and involves much more than just spoken
words. However, reviewing voice and speech can support teachers in conducting lessons.
Reviewing different talk strategies, Sharpe [Sha08] investigated a held history lesson and
combined with related work, specified some techniques teachers could use to convey con-
tent to students. She emphasizes that teachers can better promote learning through joint
negotiation instead of merely transmitting information. Techniques discussed by her are
repeating, recasting, recontextualizing, cued elicitation, questioning, contextualization of
Repeating, experiences, and recycling language. Repeating, recasting, and recontextualizing can be
Recasting, Re-  grouped as taking what a student has said and reformulating it. To enhance the state-
contextualizing  ment, the teacher can change it to use more technical terms or set it in a technical context
while the key message remains the same. Thus, teachers can acknowledge the statement
and involve students more in the problem-solving process. This could be analyzed by
examining the speech-to-text results and comparing them with statements from the stu-
dents. Furthermore, an emphasis could be placed on the differences in words used with
Cued Elictation ~ the same message, i.e. whether technical terms were used. As another technique men-
tioned, cued elicitation is applied to provide the students with enough information to
develop a discourse but leave gaps to be filled by this discourse. With a similar aim as
the techniques before, the completeness of the information can be checked, and whether
it is automatically assessable. Questions as a technique can be an essential tool for teach-
ers. This is underlined by the rate of questions posed by teachers of two questions a
minute (Edwards and Mercer via [Sha08]). The frequency of questions could be ana-
lyzed by the pronunciation and intonation or pauses of the teachers’ speech. Moreover,
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an initiation-response-feedback pattern could be examined by a combination of semantic  IRF Pattern
and syntactic analyses, i.e. if the teacher gives feedback to the response of a student. Au-
tomatically assessing for contextualization of the experiences of the students is probably

not feasible in Teach-R, as the teacher cannot draw on the memories of the students. As

the final technique mentioned in [Sha08], recycling words or phrases can help to bring

structure to the lesson. For example, in the lesson discussed in the paper, some words are

used throughout the lesson while others start appearing in later episodes or are used less

often or not at all. This could be automatically analyzed by looking at the appearances of
frequently used words and organize in a timeline. Consequently, approaches for analyz-

ing techniques for teachers’ talk can be developed and could give the users feedback on

the transfer of information of the lesson.

The technique of the initiation-response-feedback pattern is discussed in more detail by  Types of
Nassaji and Wells [NWO0O0]. First, different types of questions are presented. These in-  Questions
clude known information questions, negotatory questions, opinion and conjecture ques-

tions, clarification questions, and evaluation questions. As every type has a different

aim, the structure of the question and the semantics could be analyzed to create a count

of question types used.

Looking closer at the pronunciation of teachers, the intelligibility of the spoken words can  Pronunciation
be evaluated. Analyzing and assessing pronunciation are often used in the area of learn-

ing languages, for example, in the paper by Tejedor-Garcia et al. ([TEC*20]), in which

they aim to test the effectiveness of a computer-assisted pronunciation training tool in
improving the pronunciation skills of adult native Spanish speakers in the production of

a set of difficult English sounds. One idea to assess pronunciation accuracy is to compare

the actual spoken text to the speech-to-text result, as done in this study. A difficulty with

this is that the coach, controlling the Teach-R environment, would have to constantly lis-

ten and understand what the user is saying and mark incorrect words interpreted by the

tool to have the original spoken text for comparison. Software that offers autonomous
pronunciation assessment already exists, for example, the Microsoft Azure SDK [eri23],

but software already applicable in Unity and open-source could not be found. Another

approach would be to look at the tolerance range of the speech-to-text tool, and whether

it is possible to derive statements from the size of the range and the probability of the

word being correct.

As mentioned before, the goal of these analyses is to help the users reflect on their lessons,  Considerations
not to rate them, as it is not possible to decide on what is good and what is bad in an au-  for Speech
tomatic manner. Furthermore, some aspects should be considered when looking at the  Analysis
visualizations of the analyses. Speakers have different vocabularies, experiences, and

personal backgrounds. The analyses can be influenced by this, for example, a dialect

can lead to some words being used more often. However, in a purely automatic assess-

ment, detecting dialects is more difficult, as a tool needs to be trained on different data

sets with dialects or accents. The influence on the automatic assessment of gender, social
background, and native language along with others ought to be observed and incorpo-

rated into the analyses if necessary.

Another factor that influences the voice can be the mood or emotions of a person in cer-
tain situations or social positions, for example, a press conference or call center. Emotions
can be conveyed with the voice by the content of what is said, as well as linguistic and
paralinguistic signals, so how it is said (cf. [AGDM20]). This is a current topic of research
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and takes place in many analyses, for example, [[HC*23]. On the other hand, Sutton
and Wheatley [SW03] found a relationship between the emotional state of a teacher and
their teaching. To be more precise, they did a meta-analysis on this topic and found that
teachers” emotions influence the cognition, motivation, and behavior of both, teachers
and students.

“Die Stimme der Autoritdt ist nicht die Stimme der Hilflosigkeit.”[The voice of the au-

audEERING thority is not the voice of the Helplessness] ([SW97], p. 157). However, the complexity
of how the voice changes due to certain circumstances is difficult to analyze on a psy-
chological, physiological, and physical level. It is ongoing research to analyze voice in a
conversation to automatically assess the mood of a person. The company audEERING
[Inn21] works on technology to detect emotions and health information. For example,
they have a product called devAlce to analyze emotions that can differentiate between
emotion classes like neutral, happy, angry, and sad, or emotion dimensions, i.e. acti-
vation, valence, and dominance. Furthermore, it can differentiate between background
noises like music and human voices and detect the speaker’s age and gender. Another
example of a development with a different focus is the COVID-19 Test. They investigate
the development of voice biomarkers, i.e. a change in the voice through affected respira-
tory system and muscles, and use over 6,000 parameters to detect subtle differences. In
an ongoing study (date 14.12.2023) they collect voice recordings to further improve their
Al model and to develop an app afterward.

Analysis on Focusing on the fundamental frequency, Dimitrova-Grekow et al. [DKI23] did a speech
Fundamental ~ emotion recognition on a database of artists and non-artists. They state, that many differ-
Frequency ent parameters are used in research, for example, basic tones, formats, intensities, energy,

speech rate, voice quality, and vibrations. To investigate the relationship of the funda-
mental frequency with emotions, they applied different AI models to features of the fun-
damental frequency. With this approach, they archive an accuracy of 89.74% when dif-
ferentiating between two emotions, 76.14% between three, and 62.99% for four emotions.
Finally, they state that fundamental frequency is a solid basis for emotional analysis, but
further research needs to be done.

Analysis on Patel et al. [PSSB10] analyzed a sustained /a/ of actors with different emotional states,

Voice Quality ~ similar to before. Instead of using the fundamental frequency, intensity, and duration,
they focused on voice quality. They further state, that depending on the emotional state,
the prosodic patterns change. For the analysis, they focused on the emotions of relief,
sadness, joy, panic fear, and hot anger, as they have strong differences in the context of
arousal, power, and valence. Based on their analysis of sustained vowels, they conclude
that voice quality is an important aspect of the analysis of emotions.

Validity and Additionally, they state, that acoustic markers have not been found for every emotion to

Reliability properly differentiate between them. Different cues based on power and valence dimen-
sions are found but are inconsistent. The analyses of the app are further limited to the
quality of the audio, i.e. whether noise is present or the speaker increases their speaking
loudness.
A critical perspective is taken by Arana et al. [AGDM20]. They evaluated the efficiency
and reliability of a mobile application for emotion detection. On one hand, they agree
that the app can identify dimensions of emotions, i.e. positive or negative emotions. On
the other, the application is not able to properly identify categories of emotions, like anger
or sadness. In more detail, in scenes of happiness or sadness, the application recognized,
for example, the emotion of anger.
Taking this into account, mood and emotional analysis based on speech can give an intu-
ition on the emotional state of the speaker, but it would require refinement for detecting
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individual emotions. Further research should focus on the potential impact of emotions
on teaching and how accurately they can be assessed automatically. At this point, emo-
tion and mood detection have comparatively less informative value than aspects of voice
and speech analysis discussed in this thesis. Therefore, it will not be included in the
analysis in this thesis.

To conclude this chapter, the aspects that can be implemented in Teach-R are discussed, as

well as their advantages and disadvantages. Integrating this topic into existing research,

some approaches for voice and speech analyses are reviewed. From current knowledge, No Similar
no approach for voice and speech analysis discussed before has been implemented ina  Application
virtual environment. Thus, this is an attempt to close this research gap. An evaluation of

the implemented features is done, but the added value should be further investigated by

improving the features and adding more analyses similar to a professional voice screen-

ing. This is discussed in more detail in the final chapter 6.

To look into existing tools that combine the topic of VR and speech, some publications

are examined. The majority of those tools address anxiety for public speaking. For this, a  Simulations for
meta-analysis was conducted by Lim et al. [LAE23], with the topic of treating the fear of ~ Public
public speaking in VR. This study does not include the analysis of voice, but the usage of  Speaking

a virtual environment as a method for training or treatment. They state that the usage of

a virtual environment can offer advantages for a protected environment, the possibility

to adapt the environment to the required needs, and that the users can experience it at

their own pace (Botella et al. via [LAE23]). One of the results of this meta-analysis is that

VR is an appropriate method to treat public speaking anxiety.

Among the analyzed papers of the meta-analysis is the article by El-Yamri et al.  Analysis based
[ERGM19], who developed a virtual reality game for public speaking. One of the fea- on Voice Tone,
tures is the reaction and feedback of the audience based on the speaker’s voice tone, Content, Gaze
speech content, and gaze. Based on the voice tone, the predominant group of emotions

is determined and combining this with the content of the speech, the behavior of the

audience is generated.

Another paper on overcoming speech anxiety using VR is presented by Aljabri et al.  Analysis based
[ARQT20]. It is similar to the approach from El-Yamri et al., but it also takes the severity  on Stuttering
of stuttering into account. This is done by looking at unexpected pauses in speech and

repetition of a word or character.

Even more parameters are introduced by Igras-Cybulska et al. in [[HC"23] for analysis  Analysis based
in a public speech simulation. Next to emotions and speech rate, they consider stress, on Speech Rate,
intonation, pauses, speech types, gestures, eye-tracking, and psychophysiology analysis.  Stress,

The intonation is analyzed by looking at the speech melody based on pitch contours. In  Intonation,
contrast to the intonation, the pauses focus on parts in the speech when either nothing  Speech Types,
is said or no statement is made because fillers are used. The type of speech refers to the  Eye-Tracking
context where the speech is held, for example, a TED talk or vlog. Particularly interesting

for the future work of this thesis is the gesture analysis. Igras-Cybulska et al. classify

the gestures as low, medium, and high and into the categories of dynamics, range, and

distance between the hands.

Concluding, the combination of virtual environments and voice already exists, but the fo-

cus of these analyses is not on the voice or speech itself. However, the usefulness of VR as

an environment for simulations is undisputed, and the issue of voice problems by teach-

ers is at hand. Therefore, the implementation of voice and speech analysis into Teach-R
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is an attempt to investigate its usefulness. Limitations and restrictions discussed later
suggest that this cannot replace a professional voice screening, but can provide further
assistance to teachers-to-be.

Consid- The setup of virtual systems has further advantages and disadvantages, which should

ereations for be discussed. The major advantage is that the analyses do not take place in a labora-

Teach-R Setup  tory, but in a simulation, which can increase the validity of the data. Using an integrated
microphone in the headset (for this thesis, an HTC Vive was used) is an advantage and
disadvantage at the same time. The advantage is that the distance of the microphone to
the mouth stays constant for each user. This improves the validity of the recording, simi-
lar to a professional voice screening. Furthermore, it induces a lowering in environmental
noise according to [BDB15]. On the other hand, they state that the proximity effect leads
to boost lower frequencies if not compensated by the device. The quality of the integrated
microphone is not as good as the professional equipment from a voice screening, which
reduces the validity and reliability of the recording. Barsties and De Bodt support this
with the statement that microphones and digitized mediums influence voice recordings.
Additionally, they state two further factors for the reliability, the environmental noises
and the voice production of the user. The environmental noise should be as low as pos-
sible, i.e. a threshold lower than 50dB (Titze via [Bar13]). For the user’s voice, factors
such as loudness, pitch, gender, produced vowels, and the interaction effect need to be
taken into account. As mentioned before, the analysis should be carried out incidentally
without the user engaging in tasks. Thus, produced vowels are not of interest for this
thesis, and, consequently, are excluded.
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Chapter 3 Conceptualization of the
Implementation Goal

The goal was to implement speech analysis in Teach-R and additionally create visualiza-
tions in both, Teach-R as and in the coach. Therefore, visualizations for two and three
dimensions needed to be planned and designed. After discussing concepts of voice and
speech analysis in subsection 2.3, general guidelines for visualizations are presented in
section 3.2, and potential visualizations are presented here. However, several restrictions
came up during the implementation phase, which will be discussed first.

As the goal of this thesis was originally to implement a voice screening similar to the
one offered by the Chair for Contemporary German Language [Sti], several restrictions
have occurred and need to be discussed. First of all, a professional voice screening uses
a setup to properly record the generated sounds by the participants. The setup used for
this master thesis does not include a professional voice screening setup because it is not
available in the according lab. Instead, the microphone of the HTC Vive has been used.
This is not only a restriction, but also a limitation of the analysis, as the results are less
precise and may be error-prone compared to professional equipment.

Another restriction previously mentioned is the passive nature of the planned voice
screening in Teach-R. The user should not actively conduct a voice screening, but get
some analysis on the fly while training in the application. This means that holding a tone
or changing the volume on command cannot be done for the analysis, but it should be
based on connected speech. As presented in sections 2.3 or 2.3.1 several analyses require
the participant to carry out those active tasks. An idea to handle the problem would be
to edit snippets of a voice recording together and duplicate excerpts to simulate a held
tone. This topic and its implementation do not fit into the scope of this thesis but will be
added to the future work chapter.

When planning possible software solutions, in the beginning, some important considera-
tions were not taken into account by the author. Teach-R is an open-source project in the
sense of open educational material. This work intends to maintain the licensing based
on its existing level. Moreover, the existing software solutions need to be either adjusted
to Unity or already adjusted for it. Limited by the scope of this master’s thesis, only
packages/ libraries made for the usage in Unity were included.

An initially unexpected challenge posed the Audio Management of Unity since it is quite
rudimentary. Unity itself provides just a few methods to work with audio recordings and
hence, functionality to base analyses on those. A consequence of that is the shift from the
ideal goal of creating a complete voice screening in Teach-R to the goal of building the

Jona Recker - Voice in Teach-R

No Professional
Sound
Equipment

Passive
Manner of the
Planned Voice
Analysis

Continuing
Open-Source

Project License

Rudimentary
Functionality
for Audio from
Unity

21



3.2. Visualization Guidelines

basis for voice analysis. Most analyses implemented are based on calculations from the
amplitude values originating from the audio recordings. Likewise, Unity only supports
recording on one channel, i.e. only mono sound can be recorded.

Performance of ~ The final restriction discussed is the performance in Teach-R. As Teach-R is already a

Teach-R quite complex simulation and is set in VR, the performance needs to be optimized. Per-
formance is always an important aspect when implementing, this should be not too much
of a discussion. Unfortunately, when preparing for the evaluation of the implementation,
it has been noticed that the performance in VR only passes the threshold in some parts.
Most of the implementation was done in a two-dimensional manner. VR was only used
to test the functionality prior to the evaluation because the equipment was in a lab at the
chair. This has several reasons. On the one hand, as mentioned before, Unity provides
only a rudimentary repertoire, and every analysis is based on the amplitude values. New
amplitude values are drawn from the active audio recording every second, depending on
the set frequency of the audio recording. To reduce the computational cost, the frequency
is set to 16kHz, meaning an array with 16,000 floats needs to be handled every second.
On the other hand, the data needs to be transmitted, preferably synchronized, to have
visualizations in the coach as well. The connection or communication between Teach-R
and the coach operates via websockets in both directions. Sending packages every second
with an array of floats with a length of 16,000 requires optimization. Lastly, speech-to-text
is included in the course of this master thesis for the basis of speech analysis. Again, the
synchronized operation is preferable, therefore a stream is started to translate the recog-
nized speech. Those operations combined with synchronized visualizations in Teach-R
are compute-intensive and reduce the frame rate significantly when utilized in VR.

Despite the restrictions, data is collected and used in Teach-R. However, how visualiza-
tions for the three-dimensional space should be designed is a rarely discussed topic so
far. Thus, the principles are reviewed for the two-dimensional use case and are then
transferred to the three-dimensional space. The section is inspired by a paper from 2023
that was set to analyze designing visualizations and a dashboard for VR (cf. [Rec23])

After gathering the data, the interest shifts to interpreting and analyzing it to gain in-
sights. Taking a look at tabular data can be a first start to get a general overview of what
has happened, but it is more difficult to see relations and developments in it. For a better
understanding of the data collected by the audio recording, visualizations can help to
look into different aspects of this data.
For voice analysis, some visualizations have become established, for example, a spectro-
Existing Voice  gram or a waveform, but common plots like line graphs are commonly used as well. An
Analysis example of a spectrogram can is given in figure 3.2. A spectrogram is a visual represen-
Visualizations  tation of the spectrum of frequencies in a sound or other signals, as they vary with time.
It is one approach to analyze the frequency content of a signal over time, for example,
when analyzing speech. To do so, the continuous audio signal is broken down into its
component frequencies. For each segment, the amplitude of each frequency component
is calculated and represented on the horizontal axis of the spectrogram. The intensity of
a frequency is depicted by the intensity of the color, usually done by scaling from low
(blue or green) to high frequencies (yellow, orange, or red). The resulting spectrogram

22 Jona Recker - Voice in Teach-R



Figure 3.1.: Josef Pavlik, CC BY-SA 4.0, via

Wikimedia Commons - A major
chord in a waveform. In the top
picture are the three constituent
notes’ waveforms. Below, is the
combination of these waveforms
as the complex waveform.

3.2. Visualization Guidelines

Figure 3.2.: Aquegg, Public domain, via Wiki-

media Commons - A spectro-
gram visualizing the results of an
STFT of the words “nineteenth
century”. Frequencies are shown
increasing up the vertical axis,
and time on the horizontal axis.

The legend to the right demon-
strates that the color intensity in-
creases with higher density.

can be used to search for patterns in the audio, for instance, a held vowel can be distin-

guished from a consonant as vowels usually are stable sounds, whereas consonants are

less stable.

Figure 3.1 shows a type of waveform, consisting of three notes. When combined, they

result in a complex waveform. It provides a visual representation of the audio’s intensity

and amplitude changes, making it easy to spot patterns, loudness variations, and pauses.

Simpler variations of waveforms represent only the combined form by illustrating it with

small bars from the center to the relative position of the magnitude.

For a more general approach, the paper by [Mid20] introduces principles of effective data

visualization. To give a brief introduction, some principles are presented here. Principle  Principles

three states use an effective geometry and show data, which means that depending on the presented from

desired message of the plot, different types are appropriate. The author states, that most =~ Midway

data can be sorted into four categories, amounts or comparisons, compositions or propor-

tions, distributions, and relationships. Depending on the category, some types of plots are

close at hand, for example, for amounts or comparison bar plots are used frequently. The

fourth principle is colors always mean something, as they can add information and make

visualizations memorable. With this Midway gives some recommendations, namely to

use colors that work in black-and-white, as well as in color formats and are effective for

colorblind people. It is important to note that the visualizations created within this thesis

are only meant to give different perspectives on speech without a rating. Therefore, col-

ors that are not stigmatized should be used where possible. More significant for adding

visualizations for the coach is the principle of panel, when possible. This indicates that

using the same figure again with a single feature changed for an easy comparison. An

obvious approach is, since the data source is always the same, to use time on one axis

and keep the plot and scaling the same. This way, comparing and recognizing patterns

can be enhanced. The last principle mentioned here is get an opinion. For this, an evalua-

tion takes place after the implementation phase to get feedback on the functionality, the

visualizations, and the general usefulness of the results.

A more in-depth analysis of how to visualize data has been presented by Wilke [Wil19].

Similar to Midway, an important point is the use of color. One especially relevant point  Usage of Colors
Discussed
based on Wilke
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is encoding too much or irrelevant information by using color. For example, trying to
differentiate a lot of categories by color might lead to a loss in readability. Wilke states
that three to five categories are best when using colors to mark the categories. This can
be interesting when analyzing what is spoken, for example, the separation of the type of
lesson, i.e. giving instructions or holding a presentation, or the usage of filler words com-
pared to technical terms and more simple explanations. Another guideline highlighted,
similar to Midway, is not using color without purpose, as it can mislead the presented
information.
When to Use Wilke goes into more detail about the use of plots depending on the type of data. For
which Types of  this, he categorizes visualizations into five categories from which amounts, distributions,
Plots proportions and x-y relationships can be of interest for this thesis. Amounts can be used
Discussed when analyzing speech, for instance, depicting the number of words spoken and the time
based on Wilke  between speaking parts, or the amount of time the fundamental frequency is used or de-
viated from. To illustrate amounts, simple or grouped and stacked bar plots can be used,
as well as dot plots and heatmaps. When the complete number of words is represented,
a stacked bar plot could be used to show the overall amount split. The boundaries of the
categories are less strong, as similar plots are useful for several cases. Thus, a stacked bar
plot can also be used to show the proportions in the data, as the respective parts should
add up to the whole data set. Other possible visualizations focusing on the proportion
are pie charts, side-by-side or stacked bar charts. As a comment, pie charts fell out of
favor for many researchers, as they are often criticized for being less easy to compare (cf.
[Mid20, page 2] vs. [Will9, page 96]). For distributions, Wilke recommends using his-
tograms and density plots. A histogram could be used to compare the speech between
different sessions or sections of a session. Finally, the x-y relationship could be valu-
able for this thesis when the course of a session should be evaluated. A line graph or a
connected scatter plot can be used to look at the volume over time or the speech rate.

In a paper ([Rec23]) from 2023, visualizations in three-dimensional or VR are already dis-
cussed in more detail. The advantages of visualizations in three-dimensional or virtual
reality are, for example, that the human brain is already accustomed to three-dimensional
environments and that three-dimensional displays lead to better performance regard-
ing tasks requiring undivided attention, information integration, or mental model de-
velopment, compared to common displays ([WOH"06] through [Rec23]). Another as-
pect is that interaction with a three-dimensional scene increases the sense of presence,
this is in the sense of immersion into the environment. Additionally, in VR the user
has more interaction possibilities with the data set which further enhances the explo-
ration (cf. [vFL700]). On the other hand, there are several disadvantages. For instance, if
three-dimensional environments are depicted on a two-dimensional display, namely per-
ceptual ambiguities of depth, size, and distance, or the fact that three-dimensional dis-
plays are often ineffective visualizations for focused attention tasks ([MCFB91] through

[Rec23]).

Two guidelines for VR cannot be transferred easily from the guidelines introduced before,
Transfering namely use an effective geometry and show data and panel, when possible. Typical plots like the
Guidelines toa  ones mentioned before are less effective in a three-dimensional manner for the given rea-
Three- sons. On the other hand, the third dimension and the egocentric perspective enable other
Dimensional visualizations. Lee et al. [LBL*21] provide some more advantages on how visualizations
Manner in a virtual environment can enhance the data evaluation. It offers a unique opportunity

to create engaging and impactful experiences for users and can lead to a deeper level
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of engagement and understanding compared with two-dimensional visualizations. For
example, sound waves can be made visible or the range of the used volume can be indi-
cated. This can improve users’ perception of data by providing a sense of scale, depth,
and spatial relationships that are not easily conveyed in traditional data visualizations.
Furthermore, the context of the data is far better established compared to merely looking
at visualizations from a known data source. In hindsight, this would only represent the
data for this specific moment, as it can be generally more difficult to represent a data
history. For the data source of audio recording, playback could be implemented to revisit
data and the visualizations representing the data according to it.

In conclusion, in the three-dimensional environment, the typical plots are less efficient to
implement. Instead, visualizations that use the additional dimension and let the user ex-
plore the data by navigating through it should be used. An appropriate way of inspecting
the data history needs to be found.

As discussed in the section before, it should be made use of the advantages of visual-
izations in three-dimensional space. The virtual reality environment makes it possible
to make the sound visible by giving real-time visualizations in the environment and the
speech can influence the students. Combined with the knowledge from the related work
chapter 2, many ideas for visualizing the voice through sound and speech can be devel-
oped. In this section, concepts for three-dimensional visualizations are presented and the
two-dimensional menu for the visualization will be revised.

Considering the current state of Teach-R, there is no general concept for two-dimensional
interfaces for interacting with features. In the first tutorial, a blackboard and speech
bubbles are used and can be interacted with. However, this is currently undergoing an
update at this point. As already mentioned, in a course in 2023 first visualizations for
learning analytics were added, which have a two-dimensional menu to toggle them.

After discussing restrictions for the implementation, the conceptualization and planning

for the visual elements are presented, beginning with the visualization menu. In a course  Old

in 2023, where the basis for learning analytics was created in Teach-R, a visualization Visualization
menu was created to toggle visualizations based on the tracked data (see figure 3.3). Menu

This visualization menu was attached to hover over a book (see figure 3.4) placed on

the teacher’s desk and was activated by grabbing the book. The idea was to create the

metaphor of a class logbook, in which the user can review notable situations of that ses-

sion via learning analytics. The active state of the visualizations depended on the active

state of the menu, i.e. when the menu was closed, the visualizations were turned off.

The drawbacks of that realization are that the menu might cover up the current visual-

ization and it was a static translation from the book. This means, that if the book was

rotated, the menu would be below the book and, therefore, not be interacted with easily.

In order to address these issues, the visualization menu should be reworked, as it needed

more buttons for further visualizations as well. In cooperation with Jasmin Haranto, Improvements

already mentioned in section 1.4, some specifications for the new menu were set up. The  for the

menu should be detached from the book, moved to a wall, and be more easy to extend. Visualization
Menu
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Schritte

Position

Figure 3.3.: Screenshot from Teach-R. The pre- Figure 3.4.: Screenshot from Teach-R. The book to
vious visualization menu from the which the visualization menu was at-
course of 2023. tached.

Instead of being attached to the book, the menu should be on a place at the wall to not
block parts of the view of the user. Another advantage of using the book as an attachment
point was that it already exists in every classroom, which made it a dynamic approach to
locate the menu. Hence, another attachment point that already exists in every classroom
would be needed, preferably on a wall. For extendability, a radial menu is already a
reasonable choice, as further categories in circles around the center can be added.
Following this discussion, a menu was developed that included those aspects and can be
seen in figure 3.5. The poster shows two generic diagrams, has the title Learning Analytics
- Analyse von Lernendendaten - Fiir Lehrende, Lernende und Forschung [Anaylsis learner data
- for teachers, learners, and research] and designed to have a play icon. The objective
was to blend in with its surroundings while still standing out enough to be noticed. If the
poster is touched, the visualization menu will appear. Still, it bears a resemblance to the
previous menu design, but the text was removed and a fourth button was added to make
it look less overloaded. In the middle, the off button is the same, while the inner ring of
buttons now presents the categories, namely eye-tracking, movement, teaching manage-
ment, and speech. The newly taken icons are from Font Awesome [Fon], for the reason
of having free icons with the same design as used in the coach. The only icons created
independently are the dashed line and the circle with two arrows. For the category of
speech analysis, a microphone is used, while for the individual visualizations, a typical
fog icon is used. A circle with a double-headed arrow within it is used to display the
circular volume visualization and an icon showing two persons with a double-headed
arrow representing the teacher clone. When one of the categories is touched, the indi-
vidual visualizations are shown. At the moment, every category has three buttons for
visualizations, but it can be further extended in the same manner with further categories
in further extensions.

Several ideas came up through research and discussions with Jasmin Haranto and my
supervisors to visualize volume. First, a surface map shows how sonic waves develop
over distance and with other objects. It was discarded quite fast, as the physics in Teach-R
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Figure 3.5.: Design of the activation poster and the visualization menu. From left to right: The acti-
vation poster. It is shown when the visualization menu is inactive. The new visualization
menu without anything extended. The new visualization menu with toggled speech analy-
sis visualizations. The new visualization menu with everything extended. The blank tiles
are not yet in use.

are not that precise, and obtaining that information from Unity would be raather difficult.
Nonetheless, with that idea and inspiration from an existing visualization in Teach-R, a

heat map came up. As again the restrictions are too hard to handle, the basic concept was

taken and a round sprite was created and scaled according to the current volume. The  Circular
sprite that represents the circle has a color gradient and its position is updated to that = Volume

of the player except on the y-axis. The range of the sprite can be calculated by taking  Visualization
existing estimations for the decrease of volume over distance. Another approach would

be to place audio recorders at the farthest away position in the room and determine the

point at which the volume drops to zero for that distance.

After discussing the limitations of planned volume visualizations and how to handle

them, another idea came up: a fog clearing up as the volume rises. It should work sim-  Fog Volume
ilarly to the scaling sprite, but instead of growing with increasing volume, it clears up.  Visualization
Unity already provides a fog, which needs to be tested whether it can be used for this

purpose.

As the evaluation of the session in Teach-R should not only be based on current actions,

the possibility of watching a replay of the session came up. In order to realize that, the

model of the teacher is placed in front of the class. Initially, the position and potentially

the hand position should be reproduced as well. It should be an easy extension, as the

controller and headset positions and rotations are already tracked and a method to fetch

this data is already implemented. This would further improve the precision of the re-

produced session, as the teacher has an audio source on it and certain aspects, such as

the volume can be experienced from different positions in the room as the teacher walks

through the classroom.

To facilitate a better immersion into the simulation, options and sound effects should be  Extensions for
added to the replay. Possible features would be to add a reverb effect to simulate speak-  the Teacher
ing in a larger room. To some extent, disturbing background noises also could be added  Clone

to enhance the immersion, as mentioned in section 1.1. To control the individual features,

buttons can be added either to the menu or the clone itself. Both have their advantages,

as adding buttons to the menu is comparatively easy. The buttons on the coach could

be two-dimensional as well, but that might complicate the control as they are in a fixed

place and do not rotate. To better reach the buttons, they could be converted into a bill-

board to always adjust their rotation to the view direction of the user. Even further, the
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buttons could change direction and rotation depending on the view direction, i.e. circle
around the coach to always be closest to the user. Away from two-dimensional buttons
to an interaction via metaphor, the interaction could be connected to the mesh of the
clone. Depending on where the coach is touched, different controls could be triggered.
For example, when touching the left hand, the recording could be rewound, and when
touching the right hand, it could be fast-forwarded. This might be less intuitive for the
user though, as there are no hints to control the recording in this way.
As already discussed in section 3.2.2, other visualizations could be toggled together with
Combination of ~ the active teacher clone. For instance, when watching the replay and the clone represents
Visualizations ~ the movement in the classroom, the circular volume visualization could be applied to it.
with the
Teacher Clone

One possibility of visualizing the intelligibility in regards to pronunciation or even con-
tent could be via the students” behavior state. Presuming a way of tracking those mea-
sures, individual students could change their facial expression and their gestures de-
pending on the comprehensibility as realized by El-Yamri et al. [ERGM19]. For example,
if the user speaks unclearly, some randomly selected students could tilt their heads, draw
their eyebrows together, or ask their neighbor to repeat what was said. The reactions need
to be clear and noticeable for the user to be able to interpret the behavior of the students.
When replaying the session with the teacher clone, the behavior of the students could be

Behavioral recreated. It needs to be tested, whether it is more performant to save behaviors of the
Reactions on students or whether the students should react again on the recorded audio. For a new
Replay reaction to the recording, using the previously recognized speech could lead to the same

behavior. Creating completely new reactions with the recording by rerunning speech-
to-text might result in a more accurate recognition. This could be the case because an
asynchronous larger model could be used but that might differ the reactions of the stu-
dents.

As the neutral vocal position can change in two directions, i.e. a higher or lower pitch,
three states need to be visualized. One approach to represent those states could be
Feedback via achieved through the controllers. Should the pitch get too low, the left controller could
Controllers emit a vibrating signal and vice versa. When the user is using the neutral vocal position,
no controller would be vibrating. However, this could be quite perceived by some as
rather confusing, as the metaphor of controller and voice might not be intuitive and the
advantages of the virtual environment, as presented in section 3.2 would not be used.
Moreover, color filters could be added to the camera that ought to change the overall
Feedback via color of the view depending on the state of the pitch. In more detail, the whole view
Coloring should not be bathed in one color, but one color should be more emphasized. This is
inspired by various video games where the entire screen or the edges are dyed if the
health status of the player drops critically low.

The design of the coach is quite straightforward, as seen in figure 1.2. On the left is a
list of different behaviors, in the middle is a plan of the classroom the user is currently
in, and on the right are some options, for example, to control the actions of students.
In the header, the name of the coach is written on the left, the current page is marked
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in the middle, and options for tracking, keyboard shortcuts, and a button for help are
positioned on the right. The current page functions already as a button itself, as more
pages with features are in progress, but not running yet.

Expanding on the conclusions of previous chapters , a page for visualizations in the  Imitating the
coach should be added and accessed through a button next to the existing Klassenraum-  Design from
Steuerung [Classroom Control]-Button. In congruence with the classroom control page, the Control
a list with possible visualization, categorized based on the tracking source is added on  Page

the left. For this master thesis, the category is speech analysis.

In contrast to the behavior selection, all visualizations should be able to be activated at  Differences to
once, i.e. multi-selection, not single-selection. The visualizations can be toggled to just  the Control
appear below active visualizations or can be drag-and-dropped to a desired position. Page

This can be expanded to a grid, so visualizations can be placed next to each other for a

better comparison.

The controls on the right side of the page can be reduced, as scenarios and lesson pro-

grams are not that relevant for the visualizations. Instead, a simple recording control is

added with buttons for starting and stopping the recording. The toggling of the record-

ing should be separate from the existing tracking configuration, as the existing tracking

is completely managed with OmiLAXR [GHS23] and is connected to a learning record

store.

This design allows an easier extension of the visualization page. On the left, categories  Extendability
can be added, and, if necessary, the groups can be made retractable. The same can be  of the Design
done on the right for further options. As mentioned before, most of the tracking done

with OmiLAXR can be controlled via a button in the header. If another data source is

added which is not tracked with OmiLAXR, it can be added to the right-hand side or

another menu where that tracking is controlled can be added.

First of all, the transcriptions of speech-to-text should be simple visualizations. Each  Speech
time a segment is recognized, it should be printed with the corresponding timestamp.  Analyses
Linked with this, an analysis of the spoken text and the pronounciation should be done.

The analysis of spoken text could mark words that are used significantly often. Addition-

ally, words could be categorized into appropriateness for a classroom with color coding,

but that might be heavily depending on the context of the lesson. To analyze the pro-
nunciation, the confidence of the speech-to-text tool could be displayed for words or
segments. This, in turn, would be highly dependent on the quality of the results and

the model used. Another method would be to let the person controlling the coach mark

words that are recognized incorrectly by the speech-to-text tool. However, this would

mean an increase in the workload. To visualize both attempts, the detected words and
sentences could be marked by color coding, font size, or other marks like an underlining.

For the color coding, the choice would need to be done carefully, as no rating should be

done. Furthermore, the distribution of the teacher speaking versus the students speak-

ing versus silence could be shown with, for example, a stacked bar chart or a pie chart.
Another possibility for speech analysis would be to investigate the words used, for exam-

ple, the amount of technical terms versus informal terms versus filler words as already
mentioned in section 3.2.
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A computation of the speech rate could also be based on the results of the speech-to-text
as well. Both the overall average speech rate as well as the current speech rate can be of
interest to that. For the overall speech rate, a numerical value might suffice, while for the
current value development over time is more meaningful. One possibility for depicting
the current speech rate is a line plot with the rate on the y-axis and the time on the x-axis.
Similar to the current speech rate, the volume can be visualized well with a line graph.
Voice Analyses  On the y-axis is the volume in dB and on the x-axis are the according time stamps, as
suggested for x-y relationships in section 3.2.
To gain a deeper understanding of the voice, a spectrogram can be added for interpret-
ing frequency of the voice and the intensity of the amplitude and a waveform for the
amplitudes as mentioned in 3.2. A spectrogram depicts how the intensity of different
frequencies in a signal changes over time. These frequencies are shown on the y-axis in
contrast to the timestamps on the x-axis. The intensity of the frequencies is represented
by a color gradient having two extremes and a neutral state.
Another visualization that could be added is the waveform for voice. A waveform shows
sound waves over time. It is similar to a scatter plot, but the individual points have a
vertical line to the x-axis. The x-axis represents the time, while the y-axis represents the
intensity of the wave sound. The intensity of the wave sound is analog to the volume.
Different sounds create different shapes and patterns in the waveform. For example, a
simple tone might create a smooth, regular waveform, while a complex sound like human
speech will generate a more irregular and varied waveform.
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Chapter 4 Implementation

After discussing the conceptualizations for new visualizations and improvements of the
visualization menu, the implementation based on those is presented. Due to the restric-
tions and the scope of this thesis, several features are not implemented and are deferred
as future work. Added features are volume analysis with visualizations, replaying of
audio recordings, and speech-to-text. From speech to text, the speech rate and some nu-
merical values are calculated.

However, as the foundation for speech analysis is implemented, building upon that and
creating more analyses should be easier. This is discussed in more detail in section 6.2.
As a small remark, this master thesis is written in British English, while the implementa-
tion is done in American English. The reason for this is that the already existing imple-
mentation was done in American English and was continued for consistency.

Teach-R is a simulation in VR to give teachers-to-be the possibility to train their classroom
management, as already presented in section 1.3. It is realized in the game engine Unity

[Uni] and the functionality is extended in C#.

As the projection is open-source, the goal was to only add packages/libraries that do not

change the license of the project. The only package added is whisper.unity [Gitb] created  Introducing
by Alex Evgrashin. It is an adaptation of Unity of the whisper.cpp [Gita] inference of =~ Whipser.Unity
OpenAl's Whisper. It runs under the MIT license and thus does not violate the open-

source status of the project.

Another requirement was to write the code to be as independent as possible of other mod-

ules. This has the advantage, that the added code can be used without other components  Dependencies
of Teach-R and does not need fine-tuning depending on the usage. The requirements to  of the new
use this speech analysis are Module

The package whisper.unity needs to be included in the project,

The visualization prefab, i.e. the visualization menu is needed to toggle the visual-
izations,

The recording is dependent on the prefab of the teacher and is dynamically set to
the prefab via the name.

The changed visualization menu is placed on the location of a game object posters,
which is in every classroom.
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The teacher clone is using the Learning Record Store and the according fetcher but has

a hard-coded alternative if the fetcher is not available. In the form of xAPI statements,

the learning record store is a database for learning statements. In a simplified manner,

xAPI statements consist of a subject, verb, and object, for instance, User opens Visualization

Menu.

Figure 4.1 shows the structure of the new and adapted classes used for the speech anal-
Structure of the  ysis. The class diagram does not represent the exact interplay of the classes but is
new Module slightly changed for an easier understanding. A short discussion of the interfaces be-

tween the newly written features and the already existing implementation, as well as

an added package is described in the following. The WhisperSTTManager uses the
package whisper.unity, whose results are processed for the STTBehaviourChange and
are sent to the Coach. SpeechCommunicationCoach is the mediator class for the
communication from Teach-R to the Coach. For the functionality of the visualization
menu, the class SpeechVisualisastionManager is added. In connection with this,
the ToggleVisualisationScript and the VisualisationMenu are extended for

the new visualization and adapted according to the improvements presented in 3.3.1.

A more detailed tour through the added functionality can be found in the subsequent

sections.

To have the presented features in a scene, the Visualisations prefab needs to be added to

the scene. The prefab contains the activation poster, the visualization menu and other

objects needed for visualizations. Optionally, the prefab LRS Fetcher can be utilized as
well for the initial position of the teacher clone.

Managing the ~ The AudioManager class is the backbone of the entire functionality. As Unity does only
Recording provide rudimentary functionality for audio recording and processing, this has to be car-
ried out manually. From here, audio recordings can be started and stopped, as well as
replayed. The recording is set to a frequency of 16,000Hz which is a bit higher as the
minimal frequency for voice recordings determined by Monson and Caravello [MC19].
Increasing the frequency can enhance the speech-to-text results and the precision of
the analyses, but increases the required performance. When a recording is started, the
speech-to-text stream and a repeating call to send the resulting amplitude values to the
coach are triggered as well. Conversely, if the recording is stopped, the call to send the
amplitude values is stopped, the resulting AudioClip is trimmed to the actual length,
Audio Replay ~ and all visualizations depending on an active recording are stopped. To replay an au-
dio recording, the teacher clone needs to be active. During the replay, all other audio
sources are muted for better comprehension. The functionality exists to either play the
first recording from the beginning or resume the progress of the last replay after pausing.

Trimming Trimming the resulting audio clips are necessary, as the recording requires a given length

Recordings at the beginning, which is set to 30 minutes. In order to trim the AudioClip, the number
of amplitude values is taken and a new AudioClip is created with the excerpt from the
recording.
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Figure 4.1.: A class diagram displaying the structure of the newly implemented foundation for speech analysis in Teach-R. Dashed lines represent transitions between
modules. Only methods are given, no variables. For better readability use the digital version.




4.1. Implementation in Teach-R

Caleulating the  The analysis of volume is based on the amplitude values from the active audio record-

Volume ing. From the current position in the audio recording a window is taken with a size of
128 amplitude values and the maximal value of the squared amplitude from this window
is taken. This procedure is done on every frame to get live data and have smooth visual-
izations. The results are saved in a queue with a static length of 200, to roughly represent
three seconds. Since an application for a head-mounted display should have a frame rate
of 90 frames per second, a length of 270 would be needed, but Teach-R does not achieve
this rate. Thus, a smaller window is utilized. The queue works on the principle of FIFO,
i.e. the first item added is the first that is deleted when the queue is at its limit.

Processing the  The added volume values to the queue are further processed, as the amplitude values

Volume Queue  from the audio recording are very small. As discussed in section 3.3.2, the volume should
be presented in decibels, as this is the standard unit to measure volume. This did not
work, as the calculation always ends up with unrealistic results as they are done from
scratch based on the amplitude values. Unfortunately, Unity does not provide an easier
and more accurate option to get the decibels. The method used to calculate the volume
in decibel is still in the class, but commented out, as it is not used for the given reason.

Normalizing As an alternative, the values for volume are normalized for an easier understanding. The
the Volume values are normalized by the formula x = ="', where min and max are updated
Queues each time a new minimal or maximum value is found. Additionally, the maximal value

is reduced a bit each time no new value is found since otherwise one loud sound would
squeeze all following values. This approach could be similarly useful as using decibels,
as Lee et al. [LBL"21] found that it is often about the experience rather than numbers.

Initialization of ~ The teacher clone is realized through two scripts: TeacherClonelnitializer nad Teacher-

the Teacher CloneBehaviour. In the TeacherClonelnitializer the prefab for the clone is loaded and ini-

Clone tialized. If possible, the first position of the user is fetched from the learning record store,
otherwise a hard-coded position is taken. The rotation is set to have the blackboard in
the back of the clone.

Appearance of ~ The prefab is a simplified copy of the model of the teacher the user controls. As the

the Teacher model could not be seen before, the look might not have been important. Now if the

Clone clone is placed in the room, it is noticeable that the model does not have eyes but just

empty eye-sockets. Furthermore, as the hands are positioned at the relative positions of
the controllers, the model has no own hands. The Unity components RigidBody and Au-
dioListener are added to the prefab, to be able to interact physically and play AudioClips.
Functionality ~ To now add functionality to the clone, the TeacherCloneBehaviour-script is applied. When
of the Teacher the clone is touched, the audio recording is started, resumed, or paused. When less than
Clone two seconds have passed and the model is touched again, the recordings are started anew
from the beginning.
Audio Effects  Through the class AudioEffects effects to apply to the replay should be added. A draft for
for the Replay -~ a reverb effect is written but does not work properly. No further work was done on this
due to time reasons, but also the design of proper interaction techniques to control the
individual effects did not come to an adequate result. The easiest way would be to add
two-dimensional buttons to the visualization menu, but it turned out to be already quite
big and further buttons would not fit near the menu.
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Figure 4.2.: Screenshot from Teach-R. The circular-volume visualization. A circular sprite positioned
fixed below the user scaling relative with volume.

As already discussed in section 3.3.2, two visualizations are implemented for volume.

The circle visualization is managed in class VisualisationVolumeToCircle and can be seen  Circular
in figure 4.2. For this, a sprite is generated via scripting with a gradient from blue in  Volume
the center to red at the edge. The color is chosen despite the discussion about colors in  Visualization
section 3.2 and the neutrality of the analyses. Blue and red are often used in heatmaps

to represent two sides of a spectrum, but red is, depending on the culture, a warning or

negatively connotated color. However, talking too quietly is bad in most scenarios for

a teacher in a classroom which is why red is chosen. On the other hand, green is delib-

erately not used because speaking at a certain volume makes it difficult to rate positive

without context. Instead, blue is chosen to represent a neutral area independent of the

volume. When the visualization is activated, the sprite is scaled according to the volume

calculated in VolumeAnalysis and the position is set to the position of the user on the x-

and z-axes. Originally, the circle should be scaled to show the range to which a person

at the edge can understand what is said. This can be done by a simplified formula that

describes the drop of volume over distance, but that is dependent on having the volume

in decibels. Since the calculation of decibels does not work properly, the circle is scaled

to the normalized values, whereas a value of one corresponds to a circle radius of three

meters in the virtual world.

The second attempt for volume visualization by means of a fog is implemented as well  Fog Volume
in the class VisualisationVolumeToVisibility (see figure 4.3). Unity itself already provides  Visualization
a fog, which is utilized for this visualization. It adds an overlaying color to objects de-

pending on the distance to the user. To use it for the visualization, the mode of the fog is

set exponentially squared to work similarly to the logarithmic behavior of decibel. The

mode of the fog represents how the color overlayed on an object is calculated and can

be changed on runtime, also described as the density of the fog. Therefore, the density

is changed if the visualization is activated by taking the minimum value of 0.9 and an

initial density set minus the average of the current volume queue calculated from Vol-
umeAnalysis. The minimum of these two values is taken to not get a value above 0.9, so

the user can still maneuver through the classroom.
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Figure 4.3.: Screenshot from Teach-R. The fog-volume visualization. The fog lies around the user and
the density is scaled relative to the volume.

Activation For toggling every visualization described, the existing visualization menu is expanded

Poster as described in section 3.3.1. The menu is attached to a game object that already exists
in Teach-R in every classroom, namely posters. This game object was originally used to
pin actual posters teachers-to-be can use to hold a lesson. Therefore, the position of the
posters added for a lesson might need to be adjusted. This was chosen because it already
exists in every classroom at an appropriate position on the wall in terms of visibility and
the metaphor of a poster is used for the activation of the menu.

Triggering the  The existing functionality of the previous menu is reused, i.e. the navigation through the

Menu menu is triggered by touch, leading to a haptic feedback on collision and the last pressed
button is highlighted. To fire events on collision, the Unity method OnTriggerExit
is used. OnTriggerEnter is not used, as it leads to unexpected or even no behavior
without displaying an explanation for it.

Improved The class ToggleVisualisationScript was refactored to improve readability and new func-
Functionality  tionality was added. In more detail, the visualization menu now handles the categories
of the and extends the menu when one is selected as discussed before. The visualizations ex-
Visualization ~ clude each other, so only one can be active at a time. Additionally, a minor bug was fixed
Menu regarding the highlighting of buttons. Moreover, a bug in the existing eye-tracking vi-

sualization caused errors and broke the other visualizations as a consequence. Thus, the
eye-tracking visualization is deactivated.

Gimbal Lock VisualisationMenu was enhanced to handle the activation poster and with it the toggle for
the visualization menu. A difficulty in initializing the game objects into the scene is the
rotation. When copying the rotation of the poster object, the menu and the activation
poster are off in the rotation. Therefore, the rotation is customized for both game objects.
The result was tested in every classroom to work. Furthermore, the visualization menu
seems to be affected by a gimbal lock. This means, that through the rotation of the menu
itself, copying the rotation of the poster object, and adjusting the rotation afterward, two
of the possible rotation axes are parallel to each other. This is fixed by giving the visual-
ization menu an empty parent object, but it was not achieved to fix it properly.
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Another added feature is speech-to-text using the whisper.unity package [Gitb] created
by Alex Evgrashin. It uses a model that needs to be placed at the path Assets/StreamingAs-
sets/Whisper. Two models are added to Teach-R, namely ggml-tiny.bin and ggml-small.bin.
As the name suggests, the size of the model correlates with the accuracy of the results
but also with the performance. Therefore, the tiny model is used in Teach-R as a stream
is required for the implemented features. Tested on a desktop without the VR mode run-
ning, the performance with the tiny model did not influence the frame rate significantly.
On the setup with the VR mode running, the speech-to-text stream leads to a drop in the
frame rate.

To handle this issue, the first attempt was to run the stream on coroutines. Usually, Unity
executes everything on one main thread and for each frame. When a function is treated
as a coroutine, the function does not need to finish in the period given by a frame but can
operate over several frames. Thereby, other functions can continue in the cycle without
waiting for that function to finish but still be in a synchronous manner. In the end, this
approach did not solve the performance issue satisfactorily.

The next attempt was to use Unity’s tasks, await, and async functionality. For async tasks,
async and await keywords are used for handling asynchronous operations in Unity. The
advantage is that those tasks are asynchronous but require a more elaborate handling.
Nonetheless, when trying to adapt the stream from the whisper.unity package to be
async, it either did not work properly or did not improve the performance to satisfac-
tion.

A last step would be to use other packages for asynchronous coding in Unity, but that
exceeded the time scope. Since speech-to-text worked well without running VR and the
implementation was completely done in a two-dimensional manner, the performance
issue was discovered when preparing the evaluation. Next to other preparation tasks
and fixing bugs that appeared through the usage of VR, no reasonable solution to this
issue was found. How the problem was handled in the evaluation is described in 5.1.2.
The package can return the results from the computation in four steps, i.e. when a seg-
ment is updated when a segment is finished, when the result is updated, and when the
result is finished. The difference between a segment and a result, and update and fin-
ish is the weight added to the context and, thus, to the final choice of word probability.
When a segment is updated, the recognized text is sent to the coach for further analysis.
Furthermore, when the result is updated it is used in STTBehaviourChange to check for
keyword recognition. At the moment, the result is examined on the names of the stu-
dents in Teach-R. If a student is currently not idle and the name is recognized through
speech-to-text, the student’s behavior is set to idle. This can be extended to any keywords
and change to other behaviors but is limited in the accuracy of the speech-to-text result.
An unexpected problem is that not all student-objects” names match the names written
on the nameplates. For keyword recognition with names, the names of the students are
gathered through the nameplates, but the nameplates are changed on compiling Teach-
R. In summary, some students react to names different from the names written on their
nameplates.

The package was a bit adapted to the extent, that the recording was started automatically
when speech-to-text was activated, as a reference to the active audio recording is neces-
sary. Since a reference to the active audio recording is necessary for the analysis as well,
the package was moved to the package folder instead of the library package cache to be
able to change the implementation. Now, only a reference to the recording was given to
the appropriate class when speech-to-text is activated.
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Teach-R Coach
E start : start
— Recording Message ! Recording
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every second Amplitude Package
STT Package :|:|
every processed segment
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Figure 4.4.: Simplified sequence diagram representing the communication between Teach-R and the
coach. If the recording is started, the amplitude and speech-to-text packages are sent in
a loop. The amplitude package is sent every second, whereas the speech-to-text package
is sent whenever a segment is processed.

Receiving To receive the message for activating or deactivating audio recording from the coach, a

Messages listener is created in the AudioManager class. This might be not so clean concerning the
separation of functionality, but it was easier as the recording is toggled in that class. A
simplified sequence diagram represents the communication in figure 4.4.

Wrapping Sending packages is managed in SpeechCommunicatorCoach. To send a package, the data
Packages needs to be wrapped in a JSON data type. For this, the two classes FloatArrayWrapper
and STTStringWrapper are created. Next to the data, the amplitude package contains the
name of the used microphone and the position of the first sample in the audio recording.

Sending An amplitude package is sent every second while a recording is active. In contrast to that,
Packages a speech-to-text package is sent whenever a segment is updated by the whisper.unity
package. The transfer is then done using websockets, as mentioned earlier.

The coach is an Angular [Angb] project for controlling student behavior and further class-
room features. Through websockets, bidirectional communication is established between
the coach and Teach-R.
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In section 3.2 it was already discussed that two-dimensional visualizations are better

shown in a two-dimensional manner. To do so, some analyses and visualizations are

computed in the Coach. This has the further advantage of having live visualizations for

the person controlling the classroom via the coach.

Figure 4.5 shows an excerpt from the new structure of the coach. This structure is not  Structure of the
complete, as it mostly shows the files or folders that are added in the course of this thesis  Implementa-
or actively changed. As angular reduces workload by creating components, services, tion in the
pages, etc. by a simple command, additions and changes, for example in the routing, are  Coach

not mentioned here.

website-control

|—>src

—app
I—p component
—» visualisation
speech-rate-visualisation
speech-to-text-visualisation
text-analysis-visualisation
volume-speech-visualisation
waveform-speech-visualisation
P visualisation-selection
L—P» voice-recording-control
—ppage
|_>visualisation
) service
visualisation-interval.service.ts
visualisation-selection.service.ts
—ppstatic
Visualisation.ts
VisualisationList.ts
L papp.component.html
L_passets

|_>Ianguage
I_yde.json

Figure 4.5.: Tree graph showing excerpt from new Coach structure. The structure is based on the An-
gular structure. Newly added classes are marked in green. Adapted classes are marked
in blue.

Earlier mentioned in section 3.4.1, the new page is strongly imitated from the classroom  Realization of

control page (see figure 1.2 and figure 4.6). On the left is a list of buttons categorized by  the

the data source, e.g. audio recording. Since speech or audio recording is the first data  Visualization
Page
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source to have visualizations in the coach, it is the only category at the moment. The
icons for each button are again taken from Font Awesome. In contrast to the behavior list
in the classroom control, any number of visualizations can be activated. After selection,
the according visualization component is shown in the middle of the page. On the right,
some options were removed compared to the classroom control page, but a component
for controlling audio recordings was added. The header was expanded by a button to
switch to the visualization page.

The realized visualizations are the speech-to-text results with timestamps in a list for-
mat, a waveform, a volume, and a speech rate visualization, as well as text analysis in
a numerical manner. In order to dynamically create the visualization list, the two static
classes Visualisation and VisualisationList were created. In VisualisationList the visualiza-
tions are created including the IDs, names, and icons. The Visualisation class is used for
getters regarding the visualizations.

When the coach is started and the visualization page is active, the same connection re-
quest is given as on the control page. Furthermore, when a connection is established,
another prompt is shown requesting to activate an audio recording with a button simi-
lar to the prompt to connect. The button has the same functionality as the button in the
audio recording control mentioned earlier.

The audio recording control consists of two buttons, one for activating and one for deac-
tivating the audio recording. If a recording is active, the name of the microphone used is
displayed below the buttons.

Coach-VR Klassenraum-Steuerung m > ?
Wahle eine Visualisierung
aus: Speech to Text: Klassenraum
Gesprochenes [11:20:03: Hallo zusammen, heute sprechen wir tiber Napoleon. Warte, bis der Immersant einen
[11:20:12]: Wo holt am besten schon mal eure Zettel und Stift der heraus? Ich geh kurz zum Kopierer und danach schritten. Klassenaum betrit
66 Speech To Text
[11:20:28]: Reiben wir ein Test. Heute Ende die Stunde leider ein bisschen friher, da ich noch zu einem wichtigen Termin im Anschluss gehen muss.
e (1030 oo werds i o ol or s Wt v At e ot oo g
[11:21:02]: So, dann kannst du bitte aufwachen
) Lautstarke [11:21:22]: In meiner Klasse wird nicht gegessen, wahrend des Unterrichts.
[11:21:32): Die Stunde endet, wenn ich es sage
© sprechgeschwindigkett [11:21:39]: Ettersdun ich in der Pause auf tolle Te gehen kénnen. Grundlautstirke
T Text Ana
= Waveform °®
“« -«
Aufnahme der Stimme
' - (I

Axtuell wird auf Mikrofon (Razer
Seiren Mini) aufgenommen.

Lautstéirke

12

Sprechgeschwindkeit

Analysen auf erkanntem Text

#Worter Werter pro Minute

97 4053

Figure 4.6.: Screenshot from the added visualization page in the Coach. On the left is a listing of the
available visualizations for selection. In the middle are the currently activated visualiza-
tions. On the right are the classroom configuration, the volume control, and newly added
the recording control. The header was extended by a button to switch to the visualization

page.

Jona Recker - Voice in Teach-R



4.2. Implementation in the Coach

The analyses are mainly handled in two services, namely visualisation-selection.service and
visualisation-interval.service. Subsequently, the visualizations from these analyses are then

created in the individual components.

visualisation-selection.service is mostly responsible for the communication with Teach-R, = Visualization
i.e. receiving the amplitude and speech-to-text packages and sending messages to toggle  Selection
the audio recording. Additionally, it provides the functionality to add timestamps to each  Service
received speech-to-text package. The name of the service is according to the functionality

of toggling visualizations.

As the name suggests, the Visualisation-interval.service manages the computation for the  Visualization
analyses in intervals. Every second, the volume is calculated, the speech-to-text result Interval

is updated if something is received, the number of words is counted, and the average Service
words per minute, as well as the current speech rate, is calculated. The calculation of

the volume is similar to the one carried out in Teach-R and the results are saved in a list.

Compared to calculating the average word counts per minute for the active recording

time, the speech rate is calculated by the average word count of received speech-to-text

packages of the last three seconds.

One could argue to just send the completed analyses from Teach-R to the Coach instead  Sending one
of amplitude values. But this would shift the computational effort to Teach-R where a  complete
performance issue is already at hand. On the other hand, it would be possible to create  Package

a WAV file from the audio clip in Unity and send it to the coach. This might make some

analyses easier but would increase the size of packages to be sent, which might become

another bottleneck regarding performance.

Most visualizations from the lists are generated by HTML and SCSS, only the plots are  Generating
initialized and, if necessary, manually updated in the Typescript files. The volume and  Visualizations
speech rate visualizations are generated using the chart,js library [Cha]. Both are line

graphs with a grid in the background and timestamps on the x-axis. On the y-axis, the

according interval is given, but the volume is again normalized to the range 0 to 1.

One exception is the waveform visualization, which creates a line for given amplitude

data using the HTMLS5 canvas.

The visualizations are paused if no audio recording is active. If resumed, the visualiza-  All data in One
tions are continued, whereas the volume and speech rate visualizations display the pause  Piot

by showing the timestamps. The waveform does not depict pauses, as it does not provide

timestamps. Pauses could be visualized by blank spaces in between the existing data or

by filling the data list with zeros.
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Chapter 5 Evaluation

One of the principles from Midway [Mid20] states get an opinion. Following this, after the
implementation phase, an evaluation of the result was applied. As a proof of concept,
about ten people should test the added features in VR as well as the visualizations on the
coach. The objective was to find remaining bugs and get feedback on the usefulness and
usability of the features. Due to the fact that only a few features were implemented that
are used in a professional voice screening, the focus of the evaluation was not to compare
the validity of the results to existing software. Instead, the functionality, perceived help-
fulness, and usability were evaluated. Comparing the results with a professional voice
screening should take place after the voice analysis is further developed and optionally
an audio input with a better quality incorporated.

This section serves as a description of how the evaluation was conducted. The sample of
participants is introduced, and the procedure and questionnaire are explained. The limi-
tations and validity of this evaluation are discussed in section 6.1.1 in the final chapter.

The participants were recruited from a pool of friends and acquaintances along with  Recruiting
employees of the chair Lufgl9. An appointment inquiry was sent in which people could  Participants
register for appointments spread over one week. Participation was completely voluntary

and no compensations were offered. Some snacks were provided during the evaluation.

Ten people participated in the evaluation, three of them were female, and seven were  Representative-
male. The age range was between 20 and 34, while most of the participants were between  ness of the
the ages of 25 to 29 years. Half of them were students and the other half were employees,  Sample

of which two had completed a teaching degree. The degrees achieved to date were in line

with the employment status, i.e. half of the participants have a bachelor’s degree and the

other half a master’s degree.

In regards to experience with virtual reality, two participants had never used an immer-  Prior

sive system before, one had used one once, another participant had used one up to five  Knowledge of
times, while the other six participants had used one more than five times. The use of  Participants
immersive systems varied greatly, from entertainment, over holiday planning, to devel-

opment, research, and teaching.

The second aspect participants were asked to answer was learning analytics. On a scale

from one (not at all) to five (very much), the participants should rate their knowledge in

the area. As a result, the mean answer was 2.9 with a median of 3. The participants used

learning analytics as different stakeholders, namely one as a studying person, five as a

teaching person, and six as a researching person.
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The evaluation took place in the lab of the Lufgl9 chair, at the computer science center
of the RWTH University Aachen. It was completely held in German, which was also a
requirement for the participants to speak and understand German fluently. One complete
run-through took about 35 minutes on average.

Tasks in After a short briefing of the procedure and the topic of the thesis, the participants entered

Teach-R Teach-R, i.e. the frontal lecture classroom (see figure 1.1). In Teach-R, the participants
have been given tasks verbally to first open the visualization menu and try out each
speech visualization including the teacher clone. After that, the behavior of the student
Sven in Teach-R was set to sleeping, whereupon the participant was asked to wake him

up verbally.
Tasks in the To further evaluate the result in the coach, the participant was placed in front of the com-
Coach puter on which Teach-R and the coach were running. Here, the task was to open the

visualization page, stop and restart an audio recording, open the volume visualization
first and afterward all remaining visualization. Teach-R was continuously running dur-
ing the usage of the coach, to get live data.

Questionnaire  Finally, a survey was done including demographic data, prior knowledge, the UEQ, and
some open questions regarding the experience from the result in Teach-R and the coach,
as well as suggestions for improvements. Next to the specific questions regarding the
result of the implementation phase, the User Experience Questionnaire (UEQ) [LHS08]
is a recognized and frequently used questionnaire. It measures user experience in six
factors, i.e. attractiveness, perspicuity, efficiency, dependability, stimulation, and novelty.
For this, a 26-item, Likert-scale rating is used with statements like annoying - enjoyable
or attractive - unattractive. This questionnaire was selected, as it is fast and reliable (cf.
[LHSO08, text]). The questionnaire was split into seven parts as mentioned before, of which
the UEQ and the questions about state and improvements were each randomized but not
the order of the parts. The complete survey is included in the digital appendix and the
protocol and tasks are included in the attachments D.

Changes in Due to the performance issue already mentioned in section 3.1, the procedure was

Procedure changed after the second run-through. When speech-to-text was active, the frame rate
dropped and both participants became cybersick. The first participant wanted to go
through despite the low frame rate but mentioned the disturbance caused by this. For
the second participant, the feature was just activated when the task was given to wake
up the student, but the low frame rate was mentioned again. After that, the speech-to-
text feature was not activated when entering Teach-R in VR, but it was tested in a two-
dimensional way. Another device with Teach-R and the coach running was provided to
switch to after testing the visualizations in Teach-R.

As the goal of the evaluation was to assess the usability and usefulness of the imple-
mentation, this section is split into three subsections: Code bugs, the UEQ, and the open
questions from the survey.

Interaction via A bug was found that visualizations were only deactivated when another one was acti-
Touch Gestures  vated. In more detail, when the visualization menu was turned off or after the button of

44 Jona Recker - Voice in Teach-R



5.2. Result

UEQ Scales (Mean and Variance)
Attractiveness | 1.680 | 0.46
Perspicuity 0.725 | 1.65
Efficiency 1.200 | 1.19
Dependability | 0.975 | 0.44
Stimulation 2.175 | 0.04

[ N N ]

Novelty 2.175 | 0.46 &
Table 5.1.: Mean values and variance of the Figure 5.1.: Mean values of the UEQ results as a
UEQ results in a table. bar plot. The black lines on top of

the bars represent the confidence in-
tervals in which the true value of the
scale mean should be located with a
probability of 95%.

the active visualization was touched, the visualization remained active. For the evalua-
tion, the functionality of the other categories in the menu, namely eye-tracking, position,
and teaching management, was deactivated. This was done because the eye-tracking
visualization led to errors, and the teaching management visualizations were not im-
plemented yet. Still, after touching the eye-tracking button, the other buttons did not
respond anymore. Lastly, the check for not triggering the off-button of the visualization
menu when just touching the activation poster was revised, as the visualization menu
was sometimes instantly turned off again.

Not a bug, but it could be considered undesired behavior that the button to deactivate  Highlighting
the visualization menu is highlighted when the visualization menu is reopened. This in the
behavior is according to the implementation. However, highlighting the off-button might  Visualization
be confusing or at least unnecessary. Menu

A mistake was made when preparing the questionnaire for the evaluation, as an item of
the UEQ was not present in the final questionnaire, i.e. attractive - unattractive. The results
are calculated with the Microsoft Excel sheet provided on the UEQ website [Use]. The
calculations are done with the missing item left out which has the effect of replacing it
with the mean value.

Table 5.1 and figure 5.1 show the mean values of the six factors. As the UEQ does not How to
provide one overall score, each item belongs to one factor, and for each factor, the mean  Interpret the
is calculated. Which item belongs to which factor is shown in table C.2 in the appendix.  UEQ Resuits
The scale ranges from -3 to +3, but due to calculating the means from different people’s

perceptions and answer tendencies it is unlikely to get results below -2 or +2. As the sam-

ple for this evaluation only amounts to ten, the effect is less significant according to the

analysis tool provided for the UEQ. Usually, a value between -0.8 and 0.8 is considered

neutral, below a negative evaluation, and above 0.8 a positive evaluation.

To get an assessment of the validity of the results, the 5% confidence intervals are shown  Confidence of
intable 5.2. A small confidence interval represents a precise estimation, as a small interval ~ Resuits
represents similar ratings of the items between the participants.
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Confidence intervals (p=0.05) per scale

Scale Mean | Std. Dev. | N | Confidence | Confidence Interval
Attractiveness | 1.680 0.675 10 0.418 1.262 2.098
Perspicuity 0.725 1.283 10 0.795 -0.070 1,520
Efficiency 1.200 1.092 10 0.677 0.523 1.877

Dependability | 0.975 0.661 10 0.410 0.565 1.385
Stimulation 2175 0.635 10 0.394 1.781 2.569
Novelty 2175 0.678 10 0.420 1.755 2.595

Table 5.2.: Confidence intervals (p=0.05) per scale. Including mean, standard deviation, sample size,
confidence, and confidence interval.

The open questions were structured in such a way that questions regarding the state
of the implementation were evaluated first and afterward potential improvements were
suggested. This is done once for the features in VR and once for the new visualiza-
tion page in the coach. The complete answers can be found in the digital appendix, but
some of the demographic data is left out on purpose, as it might harm the participants’
anonymity. The answers are in German, as the evaluation was only done in German.

Visualization ~ The first question was about the intuitiveness of activating the visualization menu via

Menu the poster. Half of the participants perceived the poster as an intuitive metaphor, with the
most critique regarding the position on the wall, the interaction technique (touching), or
that it blends too much into the environment. To evaluate the visualization menu further,
the understandability of the icon selection was questioned. Most of the answers are
positive, but it was mentioned that the context of the other buttons as well as the given
task helped to interpret the icons. Adding a text, i.e. a name or short description, and
depicting speech analysis with a combination of a microphone plus an icon for analysis,
was suggested.

Visualizations ~ The feedback for the usefulness of the circular and fog-volume visualizations was
mostly positive. It was experienced less well because visualizations were a bit delayed
and jerky. Furthermore, the scaling was not perceived as accurate with both problems
related to performance issues. Overall, the circular visualization was preferred in this re-
gard, partly because it did not affect the view that strongly. The perceived usefulness of
the teacher clone was mixed. In general, the interaction seemed to be not very intuitive,
and hearing one’s voice felt strange according to the participants’ comments. Again, the
quality and additionally the volume was mentioned to be not satisfactory.

Visualization To improve the intuitiveness of activating the visualization menu, the participants were
Menu asked to give suggestions different from the poster. Several ideas were contributed like
using something that looks more interactive like a whiteboard, laptop, or tablet. Further-
more, a book about learning analytics was suggested similar to the previous approach.
As a more abstract improvement, the possibility of toggling the menu independent of the
current position was brought up. More in detail, some answers propose using a button
on the controller or a two-dimensional interface attached to the view. Likewise, more
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hints for the interactiveness of the visualization menu were desired. In addition, when
selecting a button in one of the categories the highlighting of the category button should
remain. One of the suggested improvements regards the size of the buttons, as some par-
ticipants had difficulties selecting one particular button because they also accidentally hit
another button.

Regarding the circular-volume visualization, the most named argument was the color of  Visualizations
the sprite. A change to less striking colors or making the circle transparent was suggested.
Additionally, to better estimate the impact of the volume, a grid or an actual color change
is recommended, i.e. a green circle when talking in an appropriate voice, and red if
too loud but here people with colorblindness need to be considered. Another idea was
to dye the students or change their transparency depending on the residual volume at
their position. The performance was mentioned for both, the circular- and fog-volume
visualization. Linked to the performance, the sensitivity or scaling of the fog should be
improved. Moreover, the density of the fog should be less high or the fog could be just to
the height of the tables. The majority of improvements for the teacher clone referred to
the model. Adding hands and eyes, and a better posture, as well as a female or a gender-
neutral model, were mentioned several times. Besides that, the added value of having
a game object for the replay was questioned. Improvements for the interaction, e.g. Ul
buttons, and further features like the spectrum of the volume were stated.

To start with the coach, the list of visualizations to toggle each was shortly evaluated. Visualization

The only point of criticism was that the buttons appeared to be as if they were mutually  List

exclusive, as the same selection is used on the classroom control with mutually exclusive

buttons.

For the visualizations themself, the waveform was perceived as useful, but the exact Visualizations

meaning was not clear, i.e. what does a peak or fall of the bar mean, and what source

is used to measure it? Also mainly positive was the feedback for the volume visualiza-

tion, with comments regarding the missing unit on the y-axis and lack of connection to

the room, as the acoustics vary depending on the room. Several aspects to discuss were

given for the speech rate visualization. One comment states, that with such an analysis

a teacher might try to explain something with fewer words to get a better score, hence

possubily limititing the comprehensibility. Another point concerned is the diversity of

speech or language, as, for example, some dialects use more words for the same mes-

sage. Therefore, the words per minute cannot be taken as a simple classification for the

quality of speech. This makes it more difficult to give a reference for a desirable inter-

val of words per minute, which was another suggestion. Lastly, the meaningfulness was

questioned, as the teacher might stop speaking in the middle of a sentence because a stu-

dent interposes something. The participant suggested creating a metric for the pauses

in speech caused by students and incorporating that into a score for speech rate. The

numerical visualizations were perceived as a good addition to the other graphs, but

not that informative by themselves. Furthermore, the average speech rate has received

similar feedback as the current speech rate.

As some general feedback for the state of the coach regarding the added visualization  Recording

page, the design of the voice recording control was mentioned. The participant perceived  Control

the icons as not very intuitive, as the crossed-out microphone was interpreted as muting

instead of stopping. Additionally, adding the data from different recordings in the same  Different

plots was remarked as unexpected. One overarching comment stated that each visualiza-  Recordings
Combined
Helpfulness
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tion on its own is not very helpful, but the combination can be used for a proper analysis.
For using every visualization together, a common refresh rate would be beneficial.

Further Suggestions by the participants for further speech analysis visualizations for the coach

Visualizations ~ are a bar plot (perhaps a kind of spectrogram), numerical visualization of word occur-
rence, specifically fillers, and a sound propagation with its radius. Another analysis
was mentioned regarding the pitch of the voice or whether a user is mostly speaking
with a monotonous voice. For the visualization menu, changing the buttons was men-
tioned again by adding checkboxes or other toggle options. Continuing, the visualiza-
tions should be better separated and should not have a fixed place, i.e. newly toggled
visualizations should appear on top or below already toggled visualizations.

Existing To improve the waveform visualization, a bigger scaling, a unit on the y-axis, and a

Visualizations ~ numerical scale in the form of a grid in the background should be added for an easier
estimation. The only improvement suggestion for the volume visualization is to add
colors depending on the interval the volume is in. Approval for the speech rate visual-
ization is that the visualizations look neutral or non-judgemental. This contradicts the
improvement suggestion to add colors, which has already been made before as well. Fur-
thermore, using a different kind of plot for speech rate and volume was proposed. For
the numerical visualizations, a reference value and an explanation are desired and it was
suggested to add the possibility to save and create a new one for different phases.

Replay in Finally, a generally suggested improvement for the visualization page in the coach is to

Coach add the possibility of replaying the audio recording there and add time filters to inspect
parts of the session more accurately.

To interpret the results from the evaluation, in this section, the findings are discussed
and conclusions are drawn. Additionally, some observations from the evaluation by the
conductor of the evaluation are added for a more detailed insight. First, the quantitative
results from the User Experience Questionnaire are interpreted, followed by the qualita-
tive ones from the open questions. This is used as a basis to discuss improvements for
the implementation.

In this section, the results from the User Experience Questionnaire are discussed and
interpreted. How the feedback can be realized is further discussed in section 5.3.2.

Factors of the Six factors are used for the UEQ to evaluate the user experience, namely attractiveness,

UEQ perspicuity, efficiency, dependability, stimulation, and novelty. The overarching factor is
attractiveness, while the rest is split into pragmatic or goal-directed aspects and hedonic
quality or not-goal-directed. Schrepp et al. provide benchmark intervals for each factor
in [SHT14] from excellent to bad. It is excellent, if the result is among the 10% of the
best results, good when it is in the top 75%, above average for over 50%, below average
for over 25%, and bad for everything below 25%. This classification is generated by
comparing the results from different studies applying the UEQ (cf. [SHT14]).

48 Jona Recker - Voice in Teach-R



5.3. Discussion

Attractiveness describes the overall impression from the users, i.e. how they like it. In  Attractiveness
the evaluation, the perceived attractiveness is rated with a mean of 1.68 (std. dev. 0.675)

and a confidence of 0.418. This is a good rating according to the benchmark intervals and

the small confidence interval supports this rating.

Perspicuity, efficiency, and dependability are the pragmatic quality aspects. These aspects

are concerned with how well the product fulfills its intended purpose and helps the users
accomplish their tasks. In this group, perspicuity describes how easy it is to get familiar  Perspicuity
with the product. It was rated with a mean of 0.725 (std. dev. 1283) and a confidence

of 0.795, which is the lowest achieved rating and the largest confidence interval, and
considered below average. This was to be expected, as many participants did not know

how to activate the visualization menu and experienced issues when interacting with it.

The high confidence and standard deviation indicate that there are participants who still
experienced it in a good way. The visualization menu and the menu on the visualization

page should be reworked and improved to be more intuitive and robust. Efficiency has  Efficiency
a mean value of 1.2 (std. dev. 1.092) and a confidence of 0.677. It is again in the category

of above average and has a higher standard deviation and confidence. Therefore, the
interaction was perceived as requiring less unnecessary effort and reacting fast. Last

in the category is dependability which achieved a score of 0.975 (std. dev 0.661) and a  Dependability
confidence of 0.41 which is below average. Dependability in this context is how much

the user feels in control of the interaction with the product. This score is too low and

needs to be corrected by improving the menus in Teach-R and the coach. The standard

deviation and confidence are relatively low, which indicates that the participants match

their perception of it. One big impact on this perception might be the experienced bugs,

for example, as the visualization menu in Teach-R sometimes immediately closed again

after being activated or the robustness of the triggers for the buttons in the menu in

Teach-R was not convincing. Overall the pragmatic quality aspects did not perform very

well. An interesting factor would be how these aspects would have scored without bugs
influencing them. This could be partly answered by the results with the results from the

upcoming evaluation from Jasmin Haranto’s evaluation.

In contrast to the results from the pragmatic quality aspects, the hedonic aspects, stim-

ulation and novelty, performed far better. The hedonic aspects are related to pleasure,  Stimulation
enjoyment, and emotional satisfaction derived from interacting with the product. Stimu-  and Novelty
lation and novelty have both a mean value of 2.175, a similar standard deviation (0.635,

0.678), and a confidence interval size (0.394 and 0.42). Both aspects are categorized to

be excellent according to the benchmark intervals for the UEQ scales. How exciting and
motivating the product is to use is determined by stimulation, while novelty refers to the

innovation and creativity of the product.

To conclude the results of the UEQ, the implemented foundation for speech analysis in

Teach-R and the coach are useful and might help reflecting the voice and speech, but the

handling needs to be reworked.

The results from the open questions were overall positive but with plenty of suggestions
for further improvement.

Toggling and interacting with the visualization menu was less easy than assumed, as  Activation
participants did not find it intuitive. First of all, using a poster to toggle the menu might Poster
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be changed. Some participants tried to open the menu by pressing buttons on the con-
trollers and needed a hint on how to activate it. Extending the formulation of the task
from “Please open the visualization menu.” to “Please open the visualization menu for
learning analytics” as a hint already helped the participants, as the poster has the title
Learning Analytics, but does not improve the intuitiveness. Therefore, redesigning the
poster might already be an improvement. One suggestion was to use a whiteboard in-
stead of the poster because it appears more interactive. How to design the whiteboard
for this imposes a new challenge, as a blank whiteboard might provide too few clues for a
toggle. Adding a canvas to the whiteboard with handwriting shortly discussing learning
analytics could be used, but the big play button similar to the poster might be confusing.

Different Exchanging the metaphor by something entirely different, for example, to a book, a tablet,

Metaphors or the whiteboard was suggested as well. As mentioned earlier, the previous metaphor
was a book which was changed because the menu hovered above the book, thus, block-
ing the user’s view upon activation. For this, a further evaluation would be needed to
compare the results, as both have advantages and disadvantages. Another possibility
would be to use a book or tablet and put it on the teacher’s desk, but keep the menu on
a wall. This might initially lead to confusion for the first use, as the menu might not be
seen at first. Using the blackboard poses disadvantages as well, as other features might
be disrupted by the menu, for example writing on it. One approach to have both would
be to exchange all blackboards in Teach-R for digital whiteboards like the ones already
used in a lot of German schools. Those whiteboards could have different tabs, one for
writing, one for showing a presentation, and one for the visualization menu.

Detaching the  Being able to interact with the menu from everywhere in the classroom was also re-

Menu from a quested by the participants. In order to detach the menu from a static object to be able to

Metaphor interact with it regardless of position, it was proposed to use an UI attached to the cam-
era. Possible drawbacks of this approach could be that it might hinder sight when active,
it could reduce the level of immersion, and the interaction has to be done by clicking
the buttons on the controller. Further advantages might be that no buttons are required
in VR. The menu buttons were criticized for being too small, but increasing the size of
the menu might be counter-productive, as some buttons might not be reachable anymore
when touch is used and might lead to a visual overload.

Generally speaking, issues regarding the discovery of the metaphor to toggle the visual-
ization menu could be bypassed by introducing learning analytics and the visualizations
in the tutorial of Teach-R. Nonetheless, a more adequate solution would be to find a
metaphor that is intuitive for the majority of users.

Different Furthermore, the metaphor of touch for interaction was perceived as less intuitive, as
Interaction mentioned by some participants during the interaction with the menu. In the beginning,
Techniques the participants were informed about the two possibilities of moving around in Teach-R,

which are actual movement and teleporting via the touchpad on the controllers. After
testing the teleportation in VR, which features pre-travel visual feedback depicted by a
ray, some users tried to use the menu by pointing at it, with and without activating the
teleporting ray. The metaphor of interacting by pointing did not need to originate from
the teleporting feature but might have biased the participants.

The suggestion to add a title or short description to the icons on the buttons is a relevant
comment and this ought to be implemented as well as adding an icon representing the
analysis to the microphone for speech analysis. The text on the buttons was removed dur-
ing the implementation phase, as the icons were assumed to be self-explanatory. How-
ever, it turned out to be a misconception.
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Both, the fog- and circular-volume visualization, seem to be an appropriate way to get an
impression of the current volume while in the virtual environment. To address the low
frame rate and the delay, the performance should be improved by changing parts of the
implementation, for example, by reducing the used arrays to smaller and simultaneously
more representative ones. Furthermore, libraries already exist that offer a wider range
of functionality and consequently might perform better, but a lot of them are not open-
source. The idea of limiting the fog to a certain height or adapting the color of the circle
depending on the volume should be further tested and evaluated.

When more visualizations are implemented, the added value of having two visualiza-
tions for volume should be considered. At the current state, having both has no notable
drawback and both visualizations were expressed as favorites by different participants.

The usefulness of the teacher clone was perceived the least, but when looking at possi-

ble extensions, potential can be seen. Hearing one’s voice might be unfamiliar to most  Hearing own
users, but it could certainly help to reflect the session. A lot of participants wondered if  Voice

their voices sounded like what they had heard. They were told, that the quality of the

recording was quite low to improve the performance. Thus, improving the frequency of

the recording (currently at 16kHz) could be realized easily, when the performance allows

this.

Various suggestions can be implemented quite easily and make sense, i.e. adding a fe-

male and gender-neutral model, hands, and eyes, and improving the posture to make

it appear more natural. The interaction should be reworked, as most participants were  Interacting
unable to interact with the clone as intended without help. It was suggested to add (UI)  with the Coach
buttons, similar to one possible concept discussed in section 3.3.3. When including new

features, the interface needs to be extended anyways which is easier when buttons are

used for interactions. Furthermore, the interaction by touching the mesh might be not

reasonable, as there is no known metaphor and no cues for interaction can be added

easily.

Lastly, developing more features to improve the usefulness of the clone were noted. This  Combining
is in line with the originally planned clone, for example, by adding audio effects to it. The  Features with
idea to add a spectrum of the volume directly to the clone could prove to be quite chal-  the Clone
lenging, but the possibility of applying visualizations to the clone might be intriguing.

For example, when the clone is replaying a recording, the circular-volume visualization

could be applied to that and originate from the clone.

To start with discussing the results from the evaluation of the coach, the suggested im-  Toggle Buttons
provements for the visualization page should all be integrated. The list of visualizations

to toggle has no visual cue that it is not mutually exclusive. For instance, a checkbox

ought to be added to convey that cue. Currently, the visualizations are always in the  Order of
same order as the list when activated. One statement was to add newly activated visu-  Visualizations
alizations either above or below already active ones. This would make it easier to com-

pare the results of visualizations when desired. However, if a grid is implemented for
dragging-and-dropping visualizations, this might increase redundancy. In the process, a
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grid could be visualized and used for clearer separation of the respective visualization,
as this was mentioned in the evaluation as well.

Further Furthermore, the option to replay the recordings in the coach, especially selecting an

Features interval to look at, might be a good extension. The icons for the audio recording were
perceived as misleading, as they show a microphone each, one crossed out diagonally.
Combined with the statement that it is unexpected to get an analysis of data in the same
plot for different recordings, those two microphones make sense, as the recording could
be perceived as muted, not stopped. Overall, changing the icons to the typical recording
icons (dot + square) could be a valid change, but the analysis should still be kept in one
plot with the option to save and clear the plots at any time.

Synchronizing  Another point from a participant was to synchronize the refresh rates of the visualiza-

Updates tions. Due to performance reasons, the refresh rate from the plots is set to once every
second, but the interval to call the update is set in different classes. Together, the fact
that they use different data packages for the analysis leads to an asynchronous update.
This could be fixed by adding the initialization of the intervals in a service, but circular
dependency should be regarded. Moreover, consideration should be given to whether
the packages from Teach-R to the coach ought to be rather sent independently from each
other, i.e. separately according to information, or one package for all information. If the
performance is no problem anymore, a complete package with a .wav file snippet for the
audio recording could be sent and merged in the coach. The advantage of sending sepa-
rate packages is that they can be sent whenever new information is processed in Teach-R
independently from the other sources.

Recommenda-  Adding the suggested features, could certainly enhance the experience, as more visual-

tions when izations are usually better, but it needs to be taken care of not overfitting the needs of an
adding more individual. This means, that more visualizations are useful if they add new information
Visualization or another perspective, but not if they just depict the same information as another one.

Additionally, the value of a visualization needs to be evaluated. For example, a spectro-
gram was already considered in the conceptualization chapter 3.4.2, but it is not easy to

Descriptions understand without any introduction to it. To accommodate this, a short description of

for the visualization could be included, either individually for every visualization or for the

Visualizations ~ complete visualization page. This description should explain how a visualization is read
and how the values are calculated. In a general description, the note should be written
that these visualizations are not for rating the performance of the user, but to give a basis
to evaluate the performance for themselves or in cooperation with the person operating
the coach.

Some critiques for the visualizations would be already responded to by adding an axis
label everywhere and giving a short description when hovering over it or when pressing
Guiding Values ~an according button. Further to this, participants wished for some guiding values, for
example, for the volume so that they could speak loud enough for students in the last
row to hear everything. For volume, this could be achieved by placing an invisible object
in the room on the position of the farthest student away and measuring the volume.
When done dynamically, this would also give a reference depending on the room, as
one statement mentioned. This should not be done for every visualization though, as
the speech rate should not encourage the users to use more or fewer words. A lot has
been contributed in general to the speech rate visualization regarding its expressiveness.
Again, the analyses are not meant to rate a user, but to help them reflect on their lesson
and work on characteristics they would like to change. The speech rate analysis could
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be enhanced by including more context in the calculation, for instance, when students

speak or disrupt the speech of the teacher.

In order to have a more appealing look, every non-numerical visualization could use the  Design of
same grid in the background, as a grid was desired for the waveform visualization. If  Visualizations
a guiding value is added to a visualization, adding colors to highlight values far below

or above that value needs to be discussed. As it would be difficult to consider every
exception, sometimes marking something in a flashy color may be a wrong attempt, as

speaking more loudly or softly is intended. Instead, less striking colors without rating

could be used to mark edge cases, but the added value might be less expressive. Finally,

the usage of the same kind of plot for different visualizations was scrutinized. Using

the same visualization might improve the understanding of the plots, while different
visualizations might emphasize different values. In general, the decision on the type of

plot should be based on which plot represents the values best.

As all bugs found during the evaluation originated in the visualization menu, it is further  Further
improved by Jasmin Haranto. Since many participants expressed difficulties interacting  Development of
with the menu and the reason that she will use the same menu for her master’s thesis, the

this was the first part to be reworked. The design remained the same, but the implemen-  Visualization
tation of the interaction was newly implemented. Originally, the interaction was created =~ Menu
without further assistance from a library. Now, the XR UI toolkit is used, which makes

the implementation more efficient and the usage more robust.

The most suitable way of activating the menu is still in discussion, but the menu is not  Interacting
fixed at a position anymore. Instead, when the technique to trigger the menu is used,  with the
the menu is attached to a hand. In more detail, when activated, one hand determines  Visualization
the position of the menu and the other one can be used to interact with it. Two possi- Menu
bilities are obvious and mentioned before, using an object as a metaphor in Teach-R or

using a button on the controller. The advantage of the button on the controller would

be that depending on which controller the button was clicked, the hand to interact with

the menu can be chosen by the user. On the other hand, a button on the controller might

interfere with immersion and using a metaphor in the room might be easier to remember

for people not using a virtual system and its controller often. Either way, an introduction

to learning analysis and the associated visualizations should be made in the tutorial in

the future.

The results of the evaluation contribute to the estimation of aspects like the usefulness,
intuitiveness, and novelty of the implementation. From this, possible improvements can
be derived and discussed to counteract the critique of the participants and enhance the
experience. However, the validity and expressiveness of the quantitative results have
several limitations which will be discussed in this section.

The first limitation regards the recruiting process and sample of participants. For the  Sample
evaluation, a sample size of 10 was chosen, as it mainly serves as a proof of concept,
i.e. whether the initial feedback leads to further development. Therefore, the qualitative
open questions are the main factors to consider, as they are not influenced by the number
of participants. In contrast to this, the quantitative measure, i.e. the UEQ, depends on a
certain number of participants. With this number of participants, the precision is around
0.5 and the error probability is between 0.1 to 0.05 (values taken from the data analysis
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tool provided by the UEQ website). The precision in this context describes the deviation
between the true scale mean in the population and the estimated scale mean from the
sample, while the error probability is the chance that the true scale mean is outside the
area described by the error bars. For both units, a small value is desirable. Furthermore,
most participants are friends of the conductor and might have decorated the feedback. To
avoid this, the data from the questionnaire was gathered anonymously and they were not
observed while filling out. Additionally, in the introduction text, the participants were
explicitly asked to answer the questions truthfully.

Target Group The target group of Teach-R are teachers-to-be, but only two participants studied to be

of Teach-R teachers. This limitation might seem worse than it actually is because the usefulness of
the features does not depend on knowledge acquired in the studies and the two partici-
pants who did study to be teachers mentioned that voice and speech were not much of
a topic during their studies. Finally, some participants already know their way around
Teach-R, for example, from their own projects with it or through participation in the
course where the basis for learning analytics was integrated. Those participants were
chosen deliberately, as aspects such as consistency for the newly added features or use-
fulness in the context of Teach-R should be considered as well. In more detail, as the
evaluation only considered a small part of Teach-R and how the added speech analysis
could be used, the perspective of how these features contribute to Teach-R in general
and whether the integration of such makes sense to develop further. In conclusion, those
participants with prior knowledge of Teach-R could help to evaluate the implementation
in context, but on the other hand, that might have biased the feedback to compare it to
existing features.

Performance As already mentioned, the performance hindered the experience of the features, as it

and Bugs influences the synchronization of visualizations as well as the smoothness of the ani-
mations. Consequently, the execution of the evaluation was changed after the first and
second run-through. This and the occurred bugs probably influenced the results of the
participants but did not make them unusable because the basic functionality worked for
all participants and valuable insights could be gathered nonetheless.

54 Jona Recker - Voice in Teach-R



Chapter 6 Discussion & Conclusion

In this final chapter, this thesis is framed within the scientific context and further sum-
marized. This is done by summarizing and concluding in section 6.1 and discussing the
general limitations of the results in section 6.1.1. Finally, improvements, further features,
and scientific topics to look at for future work are presented in section 6.2.

The original goal of this thesis was to implement voice analysis into the application

Teach-R, a virtual system for teachers-to-be to train their classroom management. The

idea and concept of voice screening was inspired by the existing program from the Chair

for Contemporary German Language [Sti]. As teachers use their voice on a daily basis,

even up to two-thirds of a lesson [Law77], many suffer from problems with their voices.

To introduce the topic of voice analysis, the creation of sound was presented in chapter  Related Work
2, and based on this the analysis of the voice was discussed. Furthermore, as some as-

pects of the analyses are similar and the way teachers convey information is important

for learning (cf. [Urel2]), speech analysis was added to the topics of interest. Drawing

from this, several possible parameters can be analyzed. Taking into consideration what  Conceptualiza-
is possible and what is interesting for teachers, possible analyses and visualizations are  tion
discussed in chapter 3. For this, some further research is done on visualizations, in more

detail, what are some guidelines and potential plots for both, the two-dimensional and
three-dimensional environment.

Moving forward to the implementation phase, several challenges appeared. Unity only  Challenges
provides rudimentary functionality for working with audio recordings. Thus, the analy-

ses were created from scratch, which heavily influenced the schedule for this phase. This

and other restrictions are presented in 3.1 and are included again in section 6.1.1. Despite

these challenges, the added features are analyses and visualizations in both applications,  Implementa-
Teach-R and the coach as described in chapter 4. In Teach-R, the previous menu for tog-  tion in Teach-R
gling visualizations has been reworked by moving it to another place, giving it another

trigger, and expanding it. From this, three visualizations can be used, namely a visual-

ization representing the current volume by a scaling circle sprite at the feet of the user’s

model. Similar to this, the volume can be investigated with a fog around the user that

lifts if the volume increases. Finally, a clone of the teacher can be activated to replay the

recorded audio of the user, to experience the session from the perspective of a student.

The recorded data and the newly implemented speech-to-text results are sent to the coach  Implementa-
for additional analyses to visualize them similar to a professional voice screening. For  tion in the
this, a new page was created in the coach for these and future visualizations. Currently, = Coach

the results for speech-to-text are listed, and based on this, an average speech rate and the

total word count are calculated. In addition, a course of speech rate for time segments
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of three seconds is shown to compare the rate over time. Similar to the visualizations
in Teach-R, a line plot for volume over time is included. Finally, a waveform similar to
professional voice screening is displayed.

Evaluation To evaluate the implementation on aspects such as usability, functionality, and helpful-
ness, an evaluation was conducted, discussed and presented in chapter 5. A group of ten
participants tested every implemented feature and were asked to give feedback through
a questionnaire at the end, including a rating of the usability using the User Experience
Questionnaire [Use]. The functionality was tested indirectly by using the features and
comments for the state of the implementation as well as suggestions for improvement of
the implementation were given by open questions in the questionnaire.

Through the evaluation, bugs in the visualization menu were detected. Moreover, the
results of the questionnaire can be interpreted as the implemented features being helpful
to reflect on the usage of the voice, but need some refinement for a pleasant experience.
Many suggestions were given to improve visualizations or which visualizations could
be added, with the critique, that some visualizations were perceived as less helpful. Ac-
cording to the participants’ comments, this is the case because the single visualizations
are less expressive but helpful when combined with others.

Comparing what was planned at the beginning and mentioned in both the related work
and conceptualization, only a small part was implemented. This can be attributed to
two facts. On the one hand, the goals were very ambitious and, on the other hand, the
mentioned challenges further hindered the process. However, a foundation for voice and
speech analysis was implemented and concepts for future work were presented, which
will be discussed in section 6.2.

Placement in This can be broadly sorted into the scientific context of two areas: virtual reality, class-

Scientific room simulation, and voice and speech analysis. Considering the current state of knowl-

Context edge, no combination of these domains is known. Examples of voice or speech analy-
sis are done in the related work chapter, for example, the voice screening at the RWTH
Aachen University. A domain where the analyses are carried out in a virtual environ-
ment is public speaking, which has several similarities to a classroom, but next to frontal
lectures, teachers need to moderate discussions and engage with students in general.
Therefore, the added functionality to Teach-R offers teachers-to-be a new possibility of
training their classroom management in a simulation and reflecting on their usage of
voice and speech.

Achieved Taking the working features and the results of the evaluation into account, the goal of
Objective of implementing voice and speech analysis into Teach-R is achieved. Even though only the
this Thesis foundation is implemented, the features seem to help the users to reflect on their usage

of the voice and the way they talk. Additionally, a person controlling the coach has real-
time data to either make notes for later discussion or give feedback while the user is in
the virtual environment.

As the limitations are similar to the restrictions discussed in section 3.1 which provides a
summary as well as further aspects that came up during the development. In contrast to
the limitation section in the evaluation chapter, this section refers to the limitations of this
complete thesis. Future work is based on the positive results from the evaluation, which
reveal the helpfulness of the analyses in Teach-R and the coach. However, the limitations
discussed in section 5.3.4 need to be kept in mind, especially the potentially biased and
small sample.
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The final product of this thesis poses a foundation for voice and speech analysis in Teach-

R, but for using the product, some aspects should be considered. First of all, the new  Performance
features affect the performance to such an extent that the frame rate is reduced when used

in the virtual environment. When the synchronous speech-to-text model is deactivated,

the frame rate is increased to the state of Teach-R before the features are added. Thus,

this feature and the according analyses can only be used in a restricted manner.

Since the audio is planned to be recorded with the integrated microphone of the head-  Microphone
mounted display, the accuracy and hence the validity of the data source is a limitation.  Quality

This problem relativizes itself to some extent, as the goal is to give the users a rough

estimate of their voice which still is able on the given quality of data. A similar problem is

the results of the speech-to-text results. Not only are they dependent on the quality of the  Model for
audio recording, but the model used for the transcription is not optimized for German.  Speech-To-Text
With this at hand, further analysis of the recognized text is limited as well. Therefore, it

should be considered in future work to either train a model or search for a better model

that can be used in combination with the Whispher package for Unity.

As indicated by the evaluation of the waveform visualization, the visualizations can re-  Required
quire certain background knowledge for interpretation. No professional voice coach will  Background
most likely control the coach for Teach-R. Hence, the usefulness of some visualizations  Knowledge
used in professional voice screening needs to be considered. To some extent, descrip-

tions of the visualizations can help the users interpret them, but in future work, a study

on non-trained users working visualizations like a spectrogram should take place.

Finally, the comments the participants of the evaluation remarked on the usefulness of  Interdepen-
some visualizations if used individually. Either the individual visualizations should be  dency of
adapted to be independently expressive, or they should only be shown together. Visulizations

This section discusses improvements that should be considered when continuing work
on this research. Moreover, future applications and features that can extend the product
are discussed. In the related work chapter (2) and the conceptualization chapter (3), sev-
eral ideas were presented that were not implemented in the course of this thesis. Those
can be taken as a good start for further developing voice and speech analysis in Teach-R.

Potential sections to work on are already addressed in section 3.1, the results of the eval-

uation 5.2, and here in the limitations. Now, concrete approaches are discussed for some
fundamental features. For example, the design of the visualization page in the coach

could be revised following the suggestions of the participants of the evaluation, but is

not further discussed to focus more on the pragmatic functionality.

To improve the performance, some refinements for the speech-to-text feature can be  Improving
made. At the moment, the transcription is done in real-time. On the cost of live results,  Performance
a delay could be introduced for this, which could enhance the performance and the ac-

curacy of the results. As already attempted, the model could be done asynchronously or

in another thread by third-party solutions, because Unity works on one big main thread.

Handing the model larger packages or using more complex or more specialized models

could improve the results as well.
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Visualization Based on the evaluation done the visualization menu is already reworked in the interac-

Menu tion, as mentioned before. Through this, a more robust way of touch is established and
the poster as a trigger is removed. This adaption will be tested as well to get feedback on
the intuitiveness.

Validity of The analysis of the volume in Unity is done from scratch which influences the values

Analyses as discussed before. To get more realistic values, the cause for the low values needs to
be discovered. One workaround would be to use other software to measure the decibel
of the recording and find out the scaling factor. This approach still has limited validity,
but estimations on the volume can be improved. With this, the scaling of the volume
visualizations can be made more accurate. Another approach mentioned before would
be to use another recorder in the scene and calculate the distance of the volume. However,
having the loudness in decibels ought to remain the preferred option, as it can be used
in combination with empirical data to depict the range of acoustically understandable
speech instead of the absolute range of volume.

Package Sending individual packages for the different analyses also should be considered. One

Format package in an uniform interval might increase the performance, but, for instance, the
speech-to-text results depend on the speed of the model. Furthermore, the package for
the voice analysis currently consists of the amplitude value. In connection with compres-
sion tools, using WAV files to send the audio might prove to be beneficial. This could be
particularly advantageous when using a third-party analysis tool on audio in the angular
project. Either way, a WAV file can be constructed from the amplitude data.

To discuss possible extensions, those that were introduced in the related work and con-
ceptualization should be added. Additionally, some completely new aspects can be more
interesting as well, which will be addressed here.

Analyses on As outlined earlier in section 2.3.2, it is necessary to delve deeper into speech analysis
Connected on connected speech. In the current state of the added features, only the volume is ana-
Speech lyzed and a waveform is given to look at irregularities in the voice. Analyses conducted

like of airflow patterns in [GMH19], pitch in [Fou09], or frequencies by Fraile et al. in
[FGS™13] are already possible on connected speech. The validity of those with the setup
used for Teach-R needs to be evaluated in a future study. Additionally, research in ex-
isting literature as well as experiments could be done to add more analyses to Teach-R
like a voice range profile on connected speech. Moreover, a longitudinal study should
take place to investigate, whether using Teach-R in combination with voice and speech
analysis improves the usage of the voice and prosodic aspects.

Designated Another intriguing approach for this is creating a virtual room, especially for conducting
Room for voice screening. Leaving the accuracy of the microphone and the environment of the
Analyses virtual system aside, a room for this would have the advantage of actively performing

the screening. Similar to the tutorial of Teach-R, a computer-controlled character could
guide the participant through the analysis. Thus, the voice screening offered by the Chair
of Contemporary German Language could be imitated. The room could be equipped
with information material, such as posters, to inform the users on certain aspects of voice
production. It ought to be considered, whether this should be integrated into Teach-R or
if this should remain a stand-alone product, as this has clear separations from classroom
management. This application can be inspired by the virtual simulations for training
public speaking presented in section 2.6, for example, introduced by [ERGM19].
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Tracking hand gestures and combining them with recognized meaning could be interest- ~ Analyzing
ing for analyzing the conveyed message, as was similarly done in [IHC'23] or [Cie23].  Non-Verbal
More general, non-verbal communication, if practiced by teachers, has a positive and  Communica-
profound effect on students” mood (cf. [BS17]). Jackob et al. [JRP11] found that spoken  tion
content has a more substantial impact on speech. Nevertheless, emphasis and gestures

can improve certain aspects of speech, such as liveliness and power. The basis for this

analysis is already implemented, as the tracking of the hands was already used in the

research focus class in 2023. From this, an attempt could be made to anticipate the hand

and arm position.

At the current state of Teach-R, the coach offers a limited choice of verbal topics. To en-  Text-To-Speech
hance the vividness of Teach-R and with this improve the basis for speech analysis, the
communication of the students could be improved. In the master thesis by Mattiussi

[Mat23] a package was implemented to integrate OpenTTS [Han24] into Unity. With this,

the person controlling the coach could output questions or answers via text in Teach-

R to simulate realistic teaching scenarios with more specific interactions. Having this

at hand, for example, the initiation-response-feedback pattern could be trained and ana-

lyzed with speech analysis. Based on this, the simulation could be even further improved  Using Al
by artificial intelligence that gets a prompt from the person controlling the coach to ask a

question regarding a topic and autonomously create a question. Ideally, the complete be-

havior could be controlled by the students, i.e. instead of giving the students a short-term

behavior, they could get a behavior profile for that session.

An interesting combination of topics would be acoustics and computer science, like in  Acoustics
this thesis of speech science and computer science. The acoustic properties of Teach-R are

already adapted to be more realistic. Research in combination with acoustic could further

simulate the experience of speaking in a crowded or large room, for example, a lecture

hall. Currently, a recording of a classroom is played in a loop in Teach-R. To improve this,

several single recordings could be played and mixed for a more diverse experience. This

mix can be combined with disruptive factors as mentioned in the introduction 1.1, for

instance, people talking with different loudness, people rummaging, or someone walking

in the hallway. Furthermore, this research could improve the scaling circle visualization

to the original idea to represent a realistic propagation of sound in the room.
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Appendix B Digital Appendix

Additionally, a digital appendix is included for this master thesis in the form of a CD on
the last page. The digital appendix includes:

The written thesis as PDF

Implementation Teach-R

Implementation coach

A blank version of the questionnaire
Results of the questionnaire (PDE, csv, xlsx)

Screenshots and videos from the visualizations
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Appendix C UEQ Results

unerfreulich | erfreulich

unverstandlich | verstindlich

kreativ | fantasielos

leicht zu lernen | schwer zu lernen

wertvoll | minderwertig

langweilig | spannend

uninteressant | interessant

unberechenbar | voraussagbar

schnell | langsam

originell | konventionell

behindernd | unterstiitzend

gut | schlecht

kompliziert | einfach

abstofiend | anziehend

herkémmlich | neuartig

unangenehm | angenehm

sicher | unsicher

aktivierend | einschlédfernd

erwartungskonform | nicht erwartungskonform

ineffizient | effizient

iuibersichtlich | verwirrend

unpragmatisch | pragmatisch

aufgerdumt | tiberladen
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attraktiv | unattraktiv

sympathisch | unsympathisch
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konservativ | innovativ

N

)]

Table C.1.: Results from the individual items of the UEQ per participant.
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Mean Variance

1,8
1,0
2,1
14
1,8
24
2,2
04
0,6
2,2
1,7
24
04
1,5
2,2
1,1
0,9
2,3
0,9
0,8
0,1
1,6
1,8

1,6
2,2
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0,6
2,4
1,0
34
0,8
0,7
0,6
14
2,7
0,8
1,3
0,5
3,8
0,7
04
2,3
2,1
0,7
14
1,7
1,7
1,8
2,0

1,4
0,8

Std. Dew.
0,8
1,6
1,0
1,8
0,9
0,8
0,8
1,2
1,6
0,9
1,2
0,7
2,0
0,8
0,6
1,5
14
0,8
1,2
1,3
1,3
1,3
14

1,2
0,9

Left
unerfreulich
unverstiandlich
kreativ
leicht zu lernen
wertvoll
langweilig
uninteressant
unberechenbar
schnell
originell
behindernd
gut
kompliziert
abstoflend
herkommlich
unangenehm
sicher
aktivierend
erwartungskonform
ineffizient
ubersichtlich
unpragmatisch
aufgerdumt
attraktiv
sympathisch
konservativ

Right
erfreulich
verstandlich
phantasielos

schwer zu lernen

minderwertig
spannend
interessant
voraussagbar
langsam
konventionell
unterstiitzend
schlecht
einfach
anziehend
neuartig
angenehm
unsicher
einschliafernd

nicht erwartungskonform

effizient
verwirrend
pragmatisch
uberladen
unattraktiv

unsympathisch

innovativ

Scale

Attraktivitit
Durchschaubarkeit
Originalitat
Durchschaubarkeit
Stimulation
Stimulation
Stimulation
Steuerbarkeit
Effizienz
Originalitat
Steuerbarkeit
Attraktivitat
Durchschaubarkeit
Attraktivitat
Originalitat
Attraktivitit
Steuerbarkeit
Stimulation
Steuerbarkeit
Effizienz
Durchschaubarkeit
Effizienz

Effizienz
Attraktivitit
Attraktivitat
Originalitat

Table C.2.: Items of the UEQ with associated category, mean, variance, and standard deviation
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Appendix D Evaluation Procedure

Vorbereitung
Neuste Version von Teach-R und Coach pullen (Branch: MA_Jona)

Falls neue Version: Einmal alles Testen: Aufnahme, Wiedergabe, Visualisierungen,
STT -> STT Behaviourchange

Brille + Controller bereitlegen
Konnektivitat priifen (Controller, Lighthouses, Brille)
TinyBaby anschalten und VR View drauf 6ffnen
Teach-R starten
Coach starten
Evtl Frontal-lecture-room 6ffnen und Visualisations und LRS Fetcher reinziehen
Snacks bereitlegen
Evaluationsdurchlauf
Snacks und Wasser anbieten

Ablauf erklaren
Evaluation meiner Masterarbeit -> Voice in VR
Erst VR
Coach wihrend selbst in VR
Fragebogen

Teach-R Run starten

Mit Brille und Controllern helfen
Teach-R Steuerung erkldren
Audioaufnahme in Coach starten

Aufgaben vorlesen
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Mit Brille und Controllern helfen

An Desktop setzen und Aufgaben geben

Teilnehmer*in zu Fragebogen wechseln

Fiir Teilnahme danken und noch Snacks anbieten
Nachbereitung

Brille desinfizieren

Teach-R Run beenden

Coach neu laden

Fragebogen neu 6ffnen

Snacks nachraumen

Wasser auffiillen

Falls letzter Teilnehmer fiir Tag:
Tiny Baby ausschalten
Desktop ausschalten
Brille aufhdngen

Controller laden

In Teach-R/ VR
Umschauen so lange Teilnehmer*in mochte
Offne bitte das Learning Analytics Visualisierungsmenti
Aktiviere und teste bitte die Lautstdrke-Kreis Visualisierung
Aktiviere und teste die Lautstdarke-Nebel Visualisierung
Aktiviere den Teacher-Clone
Spiele bitte die Aufnahme {iber den Teacher-Clone ab
Pausiere bitte die Aufnahme tiber den Teacher-Clone
Teilnehmer*in so lange in Teach-R bleiben lassen wie gewollt (im Raum bleiben)
Im Coach/ 2D
Gehe bitte zu der Visualisierungen-Ansicht
Stoppe bitte die aktuelle Aufnahme, die in Teach-R lauft
Starte bitte die Aufnahme vom Teacher-Clone von neu

Wecke bitte verbal Sven auf (auf 2D verlegt)
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Offne bitte die Sprechgeschwindigkeitsvisualisierung
Offne bitte jede Visualisierung bis auf die Sprechgeschwindigkeitsvisualisierung

So lange rumprobieren lassen wie gewollt
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