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The purpose of this thesis was to study the effetcteal-time visual feedback on tf

pronunciation/imitation of the Finland Swedish vovw® and to answer the resear
question of whether or not visual feedback hasffattein making the pronunciatio
more constant. The center of the study was thevwsvel training system, The Vowg
Game, which was implemented by Annu Paganus atépartment of Informatiof
Technology at the University of Turku. The VowelrBawas tested using 20 Finni
adults aged 19-30 yrs. who had no Swedish-spedbaudground other than th
studied at school. The test subjects were dividegd two groups. The treatme
group, which consisted of 6 male and 4 female sifjeused The Vowel Game
visual real-time feedback under controlled circianses in imitating the sustaing

la/-vowel and a word containing this vowélws/ (‘hus’ meaning ‘house’) accordin

to both synthetic €¢/) and natural @lus/) audio models. The control group, al
consisting of 6 male and 4 female subjects, wagmexposed to the effects of T

Vowel Game’s visual feedback, but only imitated thévowel and the ‘hus’-worg
under the same circumstances using the same aumtlelsnas the treatment groy

Their imitations were nevertheless recorded witle Mowel Game. The hypothesi

was that the treatment group’s deviation in thenpnziation of the vowels would b
smaller in the end in comparison to the controugis performance. The analysis
the results strongly indicated that The Vowel Gameal-time visual feedback do

have a positive effect on the constancy of the ymoration of the #/-vowel. This
would suggest that The Vowel Game has the poteotibecoming a tool in speeq
therapy and a help to individuals attempting torie@ew vowel categories. The stu
also takes a look at some of the previous vowehitrg systems and their ma
differences with The Vowel Game alongside the nmatitecal methods of formarj
retrieval and the features and characteristichefvbcal tract. In addition, the stug
presents the general views on the perception atedj@azation of speech sounds
the theoretical background for The Vowel Game.
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Taman diplomitydn tarkoituksena oli selvittdd, onkeaaliaikaisella visuaalisell

palautteella vaikutusta suomen ruotsi#f-vokaalin matkimiseen, ja voiko taman
kaltainen palaute tehda lausumisesta saannéllisempéatkimuksen kohteena
Turun Yliopiston Informaatioteknologian laitokselluotu, Annu Paganuksen
toteuttama The Vowel Game-niminen vokaalipeli. Vakzelida testattin 2
suomalaisella aikuisella, joiden iat vaihtelivatliNg 19-30 vuotta ja joilla ei ollu
entuudestaan ruotsinkielista taustaa koulussa ropuatsin lisaksi. Henkilot jaettii
kahteen ryhmaan siten, ettd molemmissa oli 4 ngst® miesta. Varsinaine
testiryhma hyddynsi Vokaalipelin reaaliaikaistaunaalista palautetta kontrolloiduissa

testiolosuhteissa matkiakseen yksittaistd suometsiruti/-vokaalia sekd sanahads/
'hus’ (talo). Matkiminen tapahtui tallenteelta ktujen seka synteettistens() etta

luonnollisten (has/) mallien perusteella. Verrokkirynmé& matki ain@ast mallej
ilman pelin visuaalista palautetta. Tutkimusten dtgesina oli olettamus, etfa
visuaalista palautetta saanut testiryhma kykerosidistamaan imitoimansa voka
paremmin Vokaalipelin vokaalikartassa kuin verrogkimd ja sitd kautta oppisi
tuottamaan vokaalin saanndllisemmin. Tarkoituksesia tutkia myods ryhmien
keskimaaraisten osumapisteiden hajontoja alkupautlanteissa, seka tutkia, miten
tulokset muuttuivat seka ryhmien sisalla ettd rygmimialilla. Tulosten analyysit
osoittivat, ettd Vokaalipelin tuottama reaaliailenn visuaalinen palaute auttpi

testiryhmaa selkeasti tuottamaan suomen ruotgivdkaalin saanndllisemmin kuip
verrokkiryhma. Tama tulos viittaisi siihen, ettd Réalipelia voitaisiin kayttaa
tyokaluna seka puheterapiassa etta apuvalineendani&kielen opiskelijoille uusien
vokaalikategorioiden oppimisessa. Tutkimuksessatetdgin katsaukset my®s
muutamiin  aiempiin  vokaalien lausumista opettaviifarjestelmiin  sek§
formanttianalyysiin ja sen matemaattisiin metodeihiLisaksi tutkimus esittag
taustatietona perusteoriat puheentuottamisen aietan seka yleiset kasitykset
puheddnten havaitsemisesta ja kategorisoimisesta.
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1. Introduction

One of the most important key factors in oral comioation is the clear and precise
pronunciation of the different sounds of the spolarguage. The probability that the
listener does not identify the speaker's word omnteece correctly increases
significantly when a phoneme or phonemes are mmpmoced. At least such a
mispronunciation will certainly draw the attentitmthe speaker’s speech (Wiik 1998:
7). As an example, when a Chinese person atteroppgsonounce the English word

‘war’, the result will most likely sound as /wodle to the fact that the Chinese sound

system does not entail the consonahtThe sound is substituted with the consonant /I/
and therefore there is no distinction between hiogvEnglish words ‘wall’ and ‘war’
would be pronounced according to the Chinese systesounds. The likelihood that
the uttered word is interpreted falsely as ‘wallstead of ‘war’ grows significantly in a
situation where the context does not help therestego identify the speaker’s word

correctly. Similarly, when a Japanese person atitemappronounce the word ‘English’,

the result will sound Arif/ (‘Ingrish’) due to the fact that the Japanesensiosystem

does not include the consonant /lI/ and the soummdibstituted with the consonamt./

The general idea in these examples is that proatiaoi errors of the sounds of the
target language will inevitably increase the difftg of the listener to interpret the
speaker’'s message correctly and thus hinder theepoof fluent communication. Also,
pronunciation has a strong relationship with sopaver. If a student wishes to be
accepted into the culture of the target languag#igient pronunciation and fluency are

deemed crucial determiners of one’s worth (Zhar@d2379).

One of the more traditional forms of training occwvhen a student starts learning a
new language at school. In most countries the esipha the learning process was
usually placed on lexis and grammar. Relativeljeliattention was directed at how the
student pronounced the different sounds of thestdegnguage (Zhang 2004: 378). Clear
pronunciation errors were usually corrected, buhivithe confining time limits of the
school system, ‘the fine tuning’ in pronunciatioaswften omitted altogether. Michael
Carey argues that the role of pronunciation teachira second language (L2) has been
controversial e.g. among English teachers. Somehéa believe it is crucial in



communication whereas others tend to believe ifgomance is questionable (Carey
2002: 1).

While the above cases involving the Chinese andnlsge sound systems are but far-
end examples of the difficulties in pronouncing ksty the problems in learning
pronunciation in a foreign language are commonlirseund systems. This can be
partially contributed to the problems related te therception of speech sounds; a
concept, which is examined more closely in theof@ihg chapters. Basically, the vowel
sounds in a language are divided into vowel categ@nd when these categories of the
student’s mother tongue are different from the Vovedegories of the target language,
the perception and production of these new vowelg prove to be difficult. A student
may often attempt to reproduce a foreign phonemadiyg a phoneme of his/her own
language that closely resembles the foreign phoné€frhés obviously leads to a
pronunciation error. Alternatively, the student nieng it difficult to hear or reproduce

a distinction between two phonemes in a case wtheralistinction does not exist in
his/her mother tongue. All this appears to be gpaf adult students. (Dowd, Smith
and Wolfe 1998: 1). Down, Smith and Wolfe offereaample of the lack of distinction
between /U/ and /y/ in English. The English, theref have difficulties in reproducing
the distinction in French in words such as ‘dessaus'dessus’. What adds to the
problem is the fact that the number of vowels temdifferent in many languages. Still,
there is always more than one vowel. As an exangissic Arabic has only three
vowels (Pedersen, Rosenberg-Wolff and Uddstrom [1.:986).

It has been suggested that difficulties in pronatien can be diminished or overcome
with various forms of training alongside generib®al education. For instance, CALL
(Computer-aided language learning) and CAPT (Cosrpassisted pronunciation
training) are fields that have generated a conalideramount of interest and research in
the past few decades. The Vowel Garmmeone of the most recent products under
development to merge from these fields and it hasnbdeveloped to improve the
student’s pronunciation of vowels utilising visuadal-time feedback and a vowel
diagram. The concept of feedback is considered impportant in language learning,
especially the concept of good-quality feedbacka(®h2004: 380). In general, the idea
of feedback in learning is deemed vital when thadsnt's development and

improvement are concerned.



In this study, The Vowel Gamewsffects and efficiency were evaluated by gathering
results from Finnish students who had received &titut in the second domestic
language in Finland; Swedish. The methods in thts t@ere based upon the concept of

imitation. In a series of 6 consecutive tests amdrases, the test subjects were

instructed to imitate the Finland Swedish vowsel @nd a wordHus/ (‘hus’ meaning
‘house’) containing that vowel, which were presengs pre-recorded audio models
through a set of headphones. The reason why thelVeywvas chosen as the center of
the tests is due to the fact that it is the onlyngbin Finland Swedish that does not
belong to the Finnish system of vowel sounds (Peater Rosenberg-Wolff and
Uddstrom 1996b: 88). It is therefore slightly mdoeeign to Finnish students. Taisto

Maatta, for example, studied the perception ofviveel sounds of Swedish by speakers

of Finnish. He concluded that the general probleat Einns have with regard to e.gl /

is the general difficulty of learning rounded ‘msiback’ vowels (1983: 199). The

Finland Swedishy/ is indeed situated further towards the back efghrceptual vowel

space of Finnish and is therefore slightly moré&dlift to learn.

In The Vowel Game’s tests, the subjects were advisémitate the audio models of the

la/-vowel (alone and within a word) and to produce #owel into The Vowel Game.
The system consequently plotted the subject’s vamiela vowel diagram in real-time
with respect to the first two formants of the souhvdith this method, the subject
received immediate feedback of where the imitabbthe model sound was plotted in
the diagram. After several imitations, the subjdm¢gan to see if the vowels were
plotted in the same area or if they were scatterbad.subjects were also given external
guidance on how the pronunciation could be altésedhanging the position and shape
of the articulators (the lips and the tongue).

The feedback had to be easy to understand sohthatubject learned how to improve
the performance based on the feedback (Zhang 288d). The idea behind the
imitation of the audio model and the repetitionbased on the theory of B. F. Skinner
who argued in 1957 that a stimulus will produceeaction and that repetitions will
reinforce the relationship between the stimulus #ral reaction. Feedback will also
contribute to the relationship (1957: 31). The @pioof imitation is related also to the
concept of the mirror-neuron system in humans, whaicording to Giacomo Rizzolatti



and Laila Craighero, might explain the human cdpai learn by imitation (2004:
169). Michael Arbib also argues that the abilityitatate is a key in the evolutionary
path leading to language with humans (2002: 278)ibA like Rizzolatti and Craighero,
believes that the mirror neurons may explain sp&adhation (Hurford 2004: 299). This
concept is intriguing because the test subjectdfopmance is compared to a control
group, which practices the pronunciation of the elosounds solely by imitation
without the visual feedback of The Vowel Game. Thmparison between the groups is
performed to detect any short-time effects of th&tesm and to determine if real-time
visual feedback has an effect in making the proration of the vowel more constant.

In the next chapter, the fundamental principlespdéech processing, which form the
basis for The Vowel Game, are given an overviem@lwith the concepts of the vocal
tract and how speech and sounds are perceived.e@ensuch as formants, what they
are and how they are retrieved in real-time fromgpeech signal are discussed in more
detail. Some attention is also directed at thecéffef age with regard to pronunciation.
The signal processing methods such sampling, qaaian and signal windowing are
presented along with the principles of linear peade coding (LPC). The
autocorrelation method, which is the linear pradectanalysis technique used in The
Vowel Game, is given a brief overview alongside fobadamentals of the Fourier
analysis whilst keeping in mind that the focus luf tstudy is on the analysis of the
student’s results and on the evaluation of The o@ame’s effects on learning

pronunciation.

The history and the primary features of some ofpileeious vowel training systems are
discussed in Chapter 4 along with how they diffenf The Vowel Game. The actual
details of the test methods concerning The Voweh&are described in Chapter 5 and
the results are presented in Chapter 6. Chaptenters on the analysis of the results
and finally Chapter 8 draws together the generalckssions of the test results and
provides, as the title of this study states, anuat®mn assessment of The Vowel Game.



2. Speech

This chapter gives a brief overview of the elemalftthe vocal tract, of how speech,
consonants and vowels are formed and what artaylaphonetics is. The
categorization of speech sounds is also examimext si is essentially linked with the

testing of The Vowel Game.

2.1 The Vocal tract

Speech is unique to humans. No other living orgaros the face of this earth is able to
produce intelligent speech and therefore it isregng to take a closer look at how
speech is produced and how vowels are formed invibmal tract. The speech

processing mechanism is illustrated in Figure 1.

Hard palate

Nasal cavity
Soft palate {(velum) Nostril
Oral {or buccal) cavity Lip
Pharyngal cavity Tongue
Larynx Teeth
Esophagus Jaw
Trachea
Lung
Diaphagram

Figure 1 Speech production (modified from original)(Deller, Proakis and Hansen 2000: 102)

The most important source of all sounds is thenbaryhich is situated at the upper end

of the trachea, an air tube stemming from the I(Ryssing 1983: 282). The larynx is



formed of two movable and elastic vocal folds aime harrow space between them is
referred to as the glottis. The ends of the voollsf are attached to the plates in the
trachea with which the size of the slit betweenftids can be adjusted. The front ends
of the folds are attached to the thyroid cartiladesreas the back ends are attached to
the arytenoids cartilages, which are moved by smailcles. The slit is at its largest

during normal respiration and is almost closedmuthe production of sounds.

The diaphragm is used to control how the air issped from the lungs through the
trachea and eventually through the slit in therarfo create a sound. When the air is
forced through the larynx, the vocal folds starwiforate. With males the fundamental
frequency FO of this vibration is approximately B8 Hz and with females the
corresponding frequency is approximately 150-300(Wak 1998: 18). With children
the frequency is usually 300 Hz.



2.2 Formants

The way the created airwaves that are emitted ftloenlarynx will actually sound

depends heavily upon the shape of the tract treatwidves enter. The waves emitted
from the larynx first permeate through the phargnd then enter the oral cavity and the
nasal cavity. The way the articulation will sourepdnds also on which cavity is open
and which is obstructed. In any case, this malaistco tube, which is approximately

17,5 centimeters in length and which consists efltrynx, the pharynx and the oral
cavity is referred to as the vocal tract (Rossifg3t 286). The female vocal tract is
generally shorter and with children the cavityhe shortest, which means that children
exhibit the highest formant patterns (Dew and Jed€7: 204). The other tract, which
is separated by the soft palate (velum) and whittere the nasal cavity is referred to as

the nasal tract

As stated above, the vocal tract and the nasal aféect the pulses stemming from the
glottis and in this sense the vocal tract is aruato filter. This is essentially the source-
filter theory introduced by Gunnar Fant (1960: Ibhe shapes, the contours and the
profile of the vocal tract determine the charastess of this filter, which generates
several moving resonance spots, which are refaweds formantsThey manifest
themselves as envelopes that modify the variousdics of the source sound and
each formant corresponds to one or several resesanc¢he vocal tract (Rossing 1983:
289). Rossing also points out that the formantuesgies are virtually independent of
the source spectrum. According to Rosner and Riu€i994: 4), human vocal tracts
are able to express between 5 to 7 different fotsnduring vowel production. They are
essentially the poles of a transfer function, whitdly also entail zeros. The resonances
in a tube, which is open at the other end and diagethe other, can be calculated
according to the following equation:

nic
F =— 1
41 @)

where n is an odd number(;=35000CLn is the speed of sound at a temperature of
S

approximately 3&°, which is the approximate temperature in the vdcatt and

| =175cm, which is the approximate length of the male vacadt. With Equation 1, it



is possible to calculate the formants in a tubegnelihe diameter is constant. The sound
of such a tube is referred to as a neutral vowalk(\d80: 15). The formants would
have to be calculated using odd numbersrfodue to the fact that the tube is open at
the other end and there is no node in the souné watthe exiting end. With=1,3,5,7,

the formant values are the following:

F1 =500 Hz

F2 =1500 Hz
F3 =2500 Hz
F4 = 3500 Hz.

The female vocal tract is generally shorter andetioee the female formant frequencies
will be higher than those of males (Rosner and étiog 1994: 15). In fact, T. Chiba
and M. Kaijiyama stated as early as 1941 thateheafe vocal tract is approximately 13
% smaller than the male vocal tract with regardtiie dimensions (1958: 189).
However, further studies have shown that the “siifference is not always constant

across all dimensions.” (Rosner and Pickering 1994.

The shape of the vocal tract, on the other ham beaadjusted most prominently with
the tongue and its movements. By changing the witithe base of the tongue, the size
of the surface area of the pharynx can be adjumtedby changing the position of the
tip of the tongue, the tract can be narrowed osedoaltogether. The width of the base
of the tongue affects the back vowels whereas thwtipn of the tip of the tongue

affects some of the consonants such as the ldlerdle tremulantr/ and the unvoiced

alveolar plosive /t/. It is important to notice ttiae jaw and the lips also contribute to
the shape and the acoustic features of the vazl tHowever, the entire vocal tract is a
complex system, which is divided between many patars (the tongue, the lips, the
jaw etc.). These parameters are continuous in @atod divided over the entire system.
Changing one of these parameters alone will oftenaffect the parameters of the
transfer function of the tract. However, changingombination of the parameters (the

tongue, the lips etc.) will produce a certain tfanfunction.



2.3 Vowels and consonants and the F1/F2 acoustic pl ane

The different sounds in any language can be dividextwo basic groups: the vowels
and the consonan{®iik 1998: 35). The sounds that humans produce lzareither
voiced or unvoiced. The vowels, which are at theteeof focus in this study, are
voiced (except in a situation where the vowel isspared). With vowels, the nasal tract
in closed by the velum and the air travels fromgdlwdtis through the vocal tract formed
by the shape and position of the tongue and thgesbhthe lips. In some cases, vowels
may also become nasalized, when the velum is laanel some of the air enters the

nasal cavity.

The vowels are relatively open when they are voiaed the shape and the different

parts of the vocal tract remain relatively stablging the voicing of the vowels. The

Finnish sound system consists of eight vowalse( i, 0, u, y,& ande) and sixteen
consonants (d, h, j, k, I, m, n, ng, p, r, s, t,adng with b, f, and g from other
languages. The vowels have four different charesties that define them. A vowel can
be a front vowel or a back vowel depending uponldbation/position of the tongue. It
was Daniel Jones who first suggested the use wibadimensional graph to illustrate
the main features of vowel production (Rosner aikd?ing 1994: 11). This two-
dimensional graph has also been referred to asawel quadrilateral, vowel diagram
or vowel chart. In it, the first two formants, tbenter frequencies F1 and F2, determine
the vowel in question. Rosner and Pickering arpaé the first two formants determine
the vowel categorization or the perceived vowellipé1994: 13). Rossing states that
two or three formants are enough to identify a Mo(#883: 301). However, Gunnar
Fant points out that a detailed analysis of thecifipations of a vowel includes the

frequencies, bandwidths and amplitudes of threfwr formants (2004: 202). Within

the scope of this study regarding the Finland Sstethack voweld/, the analysis of

the third and the fourth formant will be excludedce F3 has a negligible perceptual
role for back vowels (Boe L-J, Schwartz J-L. andié&aN. 1994: 195).

The Swedish front vowels (i:, y:, I, Y, e:, etcgncbe seen in Figure 2 at the left side of
the vowel diagram. The back vowels are at the sghe of the diagram (u:, o:, a: etc.).
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Figure 2 The Swedish vowels (modified from original{Engstrand 1999: 140)
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When symbols appear in pairs, the one
to the right represents a rounded vowel

Figure 3 IPA representation of vowels (modified) (Inérnational Phonetic Association 2007)

Figure 3 demonstrates the phonetic representatiomowels in the vowel diagram
according to the International Phonetic Associatibhe vowel can be an open or a
closed vowel depending upon the size of the canigtn between the palate and the
tongue. The size of the constriction also contebub the height of the vowel: whether
the vowel is a high vowel or a low vowel. In otheords, the tongue can be positioned
either high or low in the mouth and the apertur¢ghefjaw can be adjusted as well. The
different levels in height are the following:
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1) close vowel (high vowel)

2) near-close vowel

3) close-mid vowel

4) mid vowel

5) open-mid vowel

6) near-open vowel

7 open vowel (low vowel)

The roundedness of the vowel is the final charatter which provides information on

whether the lips are rounded or not.

Table 1 illustrates the different characteristitthe 8 Finnish vowels.

Table 1 The Description of Finnish vowels

VOWELS Front vowels Back vowels
Height: Wide Round Wide Round
Close vowels High [ y u
Mid vowels Mid e 0 o]
Open vowel Low a a

11



2.4  Articulatory phonetics

Phonetics is a science, which investigates speadhhaw the different elements of
speech, namely vowels and consonants, are formemlsd examines their acoustic
nature and how the different sounds are perceirbdnetics can be divided into three
subcategories: 1) articulatory phonetics, 2) acoymstonetics and 3) auditory phonetics
(Wiik 1998: 11). Acoustic phonetics deals primamith soundwaves and the analysis
of the acoustic waveform whereas auditory phonetigdies mainly the function of the
ear and the perceptual response to speech sounds éstener trials (Deller, Proakis
and Hansen 2000: 116). Articulatory phonetics exaiiand studies how the different
sounds of speech are formed and produced with dbal\tract and how the different
articulators of the vocal tract (the tongue, tips lithe jaw, the palate, the teeth, etc.) are
related to the process. In essence, articulatoopgtics deals with the sounds of speech.
Speech production, on the other hand, can be tbescds a sequence of asynchronous
movements from one set of articulatory targetshto iext (Perkell and Nelson 1987:
187).

What is astounding is the fact that the flexibilggd the almost indefinite amount of
different expressions in a language are based apaery limited amount of units that
discriminate and separate different meanings. The#s are referred to as phonemes.

A phoneme is an abstract concept in the sensetest though a certain phoneme such

as #/ may be perceived asi// every time, the actual acoustic production of thi

phoneme may vary according to the context. In otherds, it may depend upon the

individual speaker or the context of the word, sané, syllable or sound. Two speakers

may produce ang/, which are both perceived as/ /by the listening audience, but
which may still vary acoustically when measuredhvatsuitable tool/equipment such as
The Vowel Game. Rosner and Pickering state thateVguerception entails two

processes. One is the categorization of differemivels and the second is the
identification of the same vowel under differentcamstances (1994: 1). While a
phoneme is an abstract unit, which can se seengasup of tangible sounds that all
have the same linguistic function, it also impottém establish the concept of the
allophone Two sounds that belong to the same phoneme agghalhes. In other words,

12



they “represent slight acoustic variations of tlasib unit” (Deller, Proakis and Hansen
2000: 116).

The reason why persons who are skilled in a langwag able to hear these abstract
phoneme units is the fact that the phonemes cachyaa linguistic function. It has been
stated that while the speech signal is a discreetig of minimalistic units that define
the linguistic differences in speech, it is alsoamoustic continuous signal where the

transitions from one phoneme to another are regtismooth.

13



2.5 The Categorization of speech sounds and prototy  pes

The term categorical perception refers to the gbif human beings or animals to
perceive and divide different sensory phenomena different categories according to
certain specific criteria. With regard to speedtegorical perception allows the hearer
to distinguish two sounds from one another and eplHtem into their respective
categories. Obviously, this type of perception banapplied and broadened to other
types of phenomena as well, but within the confioiethis study, categorical perception

refers to the categorization of speech sounds, lyaroevel sounds.

In the late 50s, Alvin Liberman claimed that catéggl perception was unique to
speech. In his theory, categorical perception referto a phenomenon where a
perceived quality of a phoneme changes suddenty énoe category to another and that
the origin of this theory can be traced to the amgt of speech production. This was
essentially the motor theory of speech. Libermaidsform of the motor theory is from
1967 and he revised it in 1985 with 1.G. Mattin¢l85: 1). Carol Fowler, on the other
hand, offered the direct realism theory in which tijects of perception are the actual
vocal tract gestures as opposed to the abstrachepmes/sounds presented in
Liberman’s motor theory (Fowler 1977). Carol Fovwdedirect realism theory and
Liberman’s motor theory of speech form strong attitory theories. In essence, they
center on the neuromotor commands and articulagesyures and in these theories the
listener uses the acoustic products of articulationgain access to the speaker’s
neuromotor commands or articulatory gestures (Rasme Pickering 1994: 372).

The next question within this study is, of coursedetermine how vowel sounds are
perceived and categorized. As early as 1952, Gekerson studied vowel imitation as a
plausible method for defining categories for voweis his studies, the test subjects
imitated their own productions of vowels in /CVGMHables (Consonant-Vowel-

Consonant). The results showed that the formaquéecies of the imitations remained
close to the original productions thus suggestiaiggorization (Rosner and Pickering
1994: 114). Later in 1966 L.A. Chistovich exploredbjects who imitated synthetic
vowel stimuli and again the results indicated clpewof of categorical production.

Categorical production was further studied by RKPnt, B.H. Repp and D.R. Williams

14



and they all came to similar conclusions. Stille tlests involving imitation did not
answer the question of whether or not the categbténdencies in production relied on

the perceptual categories for vowels (ibid.).

In her studies in 1991, Patricia K. Kuhl stated tihdany perceptual categories exhibit
internal structure in which category prototypes/@a important role” (1991: 93).

Her studies, which explored the internal structafephonetic categories, involved
adults, infants and monkeys and one of the keyirfgsl was that within a vowel
category, there was a certain location, which thendn listeners rated as the best
instance or prototype of the vowel. When the stimure removed further away from
this prototype, the perceived “goodness” of the &bdeclined (ibid.). The concept of
the perceptual magnet effect was introduced wheretfects of these prototypes were
examined on speech perception. Fundamentallyetine riefers to a phenomenon within
the vowel category where the neighboring vowelshef prototype start to assimilate
into the prototype. In this concept, the listenercgives the neighboring vowels as one

and the same, unlike the vowels, which are furdveaty from the prototype.

In the testing of The Vowel Game, the prototype Hredaudio model for the prototype

of /#/ was selected on the basis of the Turku Vowel,TeBich was initialised on the
Internet in 2000 (Raimo, Savela and Aaltonen 20f8). In the test, subjects were
requested to evaluate the goodness of 400 synthetiel stimuli according to their
native tongue. 16 subjects took part in the Finl&8wledish segment, where they
determined, among other prototypes, the prototypgkeoFinland Swedishi/-category.

According to the tests, the prototype had the failhg formant values:

F1 =300 Hz
F2 =969 Hz

The synthetic prototype was produced using a sgitbe KLATT, and the F1 values

of the produced stimuli varied between 250-800 thereas the F2 values varied
between 600-2800Hz.
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The vowel categories defined in The Vowel Game wermed according to the data
gathered from the tests of the Turku Vowel Testmunber of individuals, who took
part in the Turku Vowel Test, evaluated 400 synthstimuli on a scale of 1-7 and
thereby created the categories and the averagetypets for each of the vowel
categories present in The Vowel Game. The Finnashel diagram, as defined in the
Turku Vowel Test, is illustrated in Figure 4. Tlgsthe vowel diagram also used in The

Vowel Game.

i1 ¥ ¥ ¥ ¥ ¥ ¥ ¥ T ¥ F ¥|e U 2 0 40 au
|L\' YO¥F ¥ OF Y OF Y O¥ Y ¥ Y|Uou o Mmouowou g
1 ¥ ¥y ¥ ¥y ¥y ¥y v v[u uuuwwouououu
v oy wfa|ly v vor v vluow v o ouowowowou
Boa oo o|y|oly yjoju v ou e ou uou o
P a e A e dae o o0aa B|lueufea e a
LI T B B R B o6 o[ o 0 o8 ooa
ela B a B A o o4 @ a ¥ o|lp aramna
[ I R I B < N T ] O Bl & O 0 O 04
I I O T T T - 1 [T T O T I 1
clw 2la[=la o o o ale oo o nan
N wlo o o olo]o o o ofa
2 2 T w|o g dfe o 0 0 @ 0 @
I U @ B & fFla0 b 6 0 e 4o
®ow e o @ o® @ #|u g w4 owoQ
z @ B ® # x x[a o a ¢ o a0
B ow R o® wog w|o 0 a0 Q@
2 r &2 T w zfo0 o o0 o o ou o

Figure 4 The Finnish vowel diagram (Raimo, Savela andaltonen 2002: 49)
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Figure 5 The Finland Swedish vowel diagram (Raimo, S&la and Aaltonen 2002: 49)

Figure 5 illustrates the Finland Swedish vowel daag, as defined in The Turku Vowel

Test. The prototype of thet/category, according to the 16 subjects who tdwok t

Finland Swedish test segment, is located on the® from the top and is thé"&owel
from the right. The prototype can be seen circle@igure 6. The box appears lighter

than the other vowels in the category. This inéisdahat the vowel was deemed the best

example of the Finland SwediglW+vowel according to the 16 subjects.
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Figure 6 The goodness of the Finland Swedish voweRgimo, Savela and Aaltonen 2002)

The natural speech audio model foed/ was obtained from the practise audio tape of

theVa va de du sa: Grona bokéy Pedersen, Rosenberg-Wolff and Uddstrom (1996a).

The F1/F2-plane and formants, which were introdunedhapters 2.2 and 2.3 represent
vowels as physical phenomena or stimuli. Still, wsand Pickering argue that they do
not represent vowels as auditory events. Furtheni®osner and Pickering also assess
that the F1/F2-plane is not a satisfactory modeltself for the theory of vowel
perception. An auditory transform must be perforraedhe axes of the F1/F2-plane so
that the frequency variable changes into an aydiariable with an identifiable pitch
or auditory filter rate (1994: 115). The most conmnmexamples of such auditory
transforms are, for instance, log, Koenig, mel,kBand ERB (Equivalent Rectangular
Bandwidth). In essence, they are psycho-acouséilescof which mel is probably the
most prominent. The mel-scale was derived from expnts by Stevens and Volkman
in 1940 (Rosner and Pickering 1994: 17). The lifeaguency scale of Hertzes can be

converted to the mel-scale using Equation 2.
mel=112701048" In(1+ L) (2)
70C

The vowel boxes in The Vowel Game’s diagram appedre identical in size, but the
actual values of the boxes are expressed usingéhscale whilst keeping in mind that
the results in Chapters 6 and 7 are analysed tisenglertz-scale. 1000 Hz corresponds

to 1000 mel according to Equation 2. All the fregeies above 1000 Hz, correspond to
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progressively smaller values on the mel-scale. Theans that if the boxes in the
diagram were to be adjusted according to the frecpescale, all the boxes in the
horizontal F2 plane would be wider above 1000 Hz duthe fact that the differences in
pitch above that level are perceived differenthynirthe frequencies below 1000 Hz. As
an example, the psycho-acoustic difference betviE#®@&nHz and 600 Hz is 90,2 mels
whereas the difference between 1500 Hz and 1606 ldmly 50,1 mels according to
Equation 2. One mel corresponds to the smallesepable psycho-acoustic difference
between the pitch of two fundamental frequencieshis sense, the listener’s perceived
difference between 500 Hz and 600 Hz can be defimede precisely than the
difference between 1500 Hz and 1600 Hz, even thohigllifference is the same on the
Hertz scale (100 Hz) in both cases.
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2.6 The Effects of age on native-like pronunciation

All The Vowel Game’s test subjects were adults.réfare, one of the questions before
the tests was whether or not it was feasible tohtgmonunciation to adults. According
to a popular belief, children are more proficientearning languages than adults. It has
been suggested that the earlier the learning sthgsetter. Another common claim is
that the learning will be considerably more strarsiat a later stage, if the benefits of
the young age are not utilised to their full poigntFor instance, the communicative
acquisitionist naturalistic (CAN) 'megatheory’ aai that preschool children or children
on the whole are more proficient in SLA (Secondylzage learning) than young adults
(Hammerly 1991: 8). Over the years, this view hagmrged in several examples all over
the world. For instance, in 1959 Noah Chomsky deedr how the parents of an
immigrant child became frustrated over the fact thair child was able to master the
different subtleties in the foreign language irekatively short period of time whereas
the parents had to struggle with the language hadir tlives with constant effort
(Chomsky in Cook 1991: 83).

These views on young age were summoned in thec@lrileriod Hypothesis by E. H.
Lennebergwhich states that human beings are only capaldato languages between
the age of two and the early teens. This view veen 4o apply both for L1 (mother
tongue) and L2 (second language) learning (Lenigel®67: 176). The reason for
adults' losing their ability to learn was suggedigadeveral theories. One of the theories
covered the physical aspects of the brain, nanm&yidss of plasticity in the brain and
"the lateralization of the language function in tb& hemisphere in the brain" (Ellis
1985: 107). Another theory dealt with social fastof how children encounter certain
situations and relationships in a different wayniradults. The third theory concerned
the cognitive explanations of how the learning ofadural language was interfered by
the abstract way of thinking, characteristic of l&&l(Cook 1991: 83). Therefore,
making sure that the child starts learning a sedanduage as early on as possible is

pivotal.

What is startling, however, is that the evidencehef child superiority in research is

hard to find (Cook 1991. 84). Some research indiathat in certain learning
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environments, adults actually fare better. Foraneseé, Asher's and Price's research in
1967 showed that when the Total Physical Respaeehing method was applied in
teaching Russian to both children and adults, tlierostudents outperformed the
younger (ibid.). Similar results were received wh@nmmersion technique was applied
in Canada where English-speaking students werdntalig curriculum through French.
Again, the late immersion pupils fared better.ds tbeen concluded that children learn a
second language better in an environment that i raoited and natural to them as
opposed to the typical adult learning environmeWtken children and adults are taught
the same way, adults generally have the advantagetioe children (ibid.).

However, the most prominent advantage that childrexty have over adults lies in
pronunciation. It has been claimed that proper gnoration and convincing accent
cannot be achieved if the learning takes place Hfteearly teens. For instance, Hector
Hammerly claims that young children are betterunttitored acquisition of native-like
pronunciation and intonation from natives in th@isnment" (1991: 8). Still, various
researches have been conducted on this and thdtsrdsave been somewhat
contradictory. The researches of e.g. Asher andi@ar 1969 and Ramsay and Wright
in 1974 showed that younger children had the adggnbver older children with regard
to pronunciation. These findings, on the other havate challenged by researches done
by Cummins in 1981 and by Snow and Hoefnagel-Hatth® proved in 1977 that
Dutch imitation by English-speaking students wagsemaroficient with older students
(Cook 1991: 84).

Today the short term benefits of youth are usuadgmined separately from the long
term disadvantages of age. (Cook 1991: 85) Thecommelusion that John Singleton

made in 1989 supports the initial assumption raggrdge:

"The one interpretation of the evidence which duatsappear to run into
contradictory data is that in naturalistic sitoas those whose exposure to
a second language begins in childhood in gengeadtaally surpasses those
whose exposure begins in adulthood, even thoughatter usually show
some initial advantage over the former."

Still, with these types of statements, one sholvdys take into account the amount of

language exposure and interaction and rememberirthgéneral learning adults are
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better with regard to cognitive maturity, learnstgategies and study habits (Hammerly
1991: 8). However, as far as the native-like pramation is concerned, the young age

in learning does bring a distinctive advantage.

In the tests of The Vowel Game, all the test subje@re adults with an average age of
22,35 years (see Table 6) and the primary goalnesa$o teach the subjects native-like

pronunciation but rather to investigate if The Vo@ame has an effect in making their

pronunciation of thed/-vowel more constant. The evidence of the researahided in
this chapter reinforces the assumption that thehiag of native-like pronunciation to
adults might prove to be problematic. As Dowd, &naihd Wolfe point out, adults who

are learning foreign languages rarely acquire dhnesutic pronunciation (1998: 1).
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3. The Mathematical methods in The Vowel Game

This chapter presents the various mathematical adsthwhich are used in the process
of retrieving formants from the speech signal. tFiGhapter 3.1 centers on the vocal
tract and how speech production can be modellegtireral. Chapter 3.2 takes a closer
look at the autocorrelation method, which was thedr predictive analysis technique
used in The Vowel Game. Chapter 3 centers on thikadevith which the 10 order LP
coefficients are solved in The Vowel Game and fnahapter 3.4 explains the
fundamentals of the Fourier series and the Fotna@sform, which is performed on the
impulse response of the LP coefficients to obthim $pectral envelope of the speech

signal. It is from this spectral envelope thatfibrenants of the speech are received.
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3.1 The Principals of formant retrieval

The Vowel Game utilises f0order linear predictive analysis to retrieve thetftwo
formants from the speech signal, which are crunidetermining the vowel in question.
According to Rabiner and Schafer, linear predictimalysis is one of the most powerful
speech analysis techniques in use. With this metitosl possible to estimate several
fundamental speech parameters such as FO, formgpégtra and the vocal tract
functions with astounding accuracy. Linear pregetnalysis is essentially focused on
estimating a speech sample as a linear combinafipnevious speech samples (1978:
396). In it, the sum of squared differences betwé#sn speech samples and the
estimated samples (which have been acquired veadirprediction) is minimized,

thereby creating a collection of prediction coeéits.

According to Rabiner and Schafer, there have bedsaat 7 different formulations of
the linear predictive analysis (1978: 397).

1) The Covariance method

2) The Autocorrelation formulation

3) The Lattice method

4) The Inverse filter formulation

5) The Spectral estimation formulation
6) The Maximum likelihood formulation
7) The Inner product formulation

The linear predictive analysis method chosen fore TMowel Game is the

autocorrelation formulation. Figure 7 illustratase tfundamental principle of how
speech production can be modelled.
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Figure 7 A model for speech production (modified) (Rbiner and Schafer 1978: 398)

The time-varying digital filter in Figure 7 can bepresented by a function, which is
fundamentally a composite of spectrum effects afiatoon, vocal tract and glottal
excitation (Rabiner and Schafer 1978: 398). Thetion is of the form:
S(2) _ G

H(2) = U(2) 1_iakz_k

3)

The parameters in the above formula are the foligwis(z) is the output signal and
U(z) is the input signal in the frequency doma®h.is the gain parameter and,[| are

for the coefficients of the digital filter. The alfunction is an all-pole model, which
can be used with non-nasal voiced sounds. Thiemeficial due to the fact that the
sounds, which are examined in this study, are veveeld vowels are prominently

voiced and non-nasal.

The speech samples in the time domain can be defweording to the following

equation:

s(n) = Zp:aks(n—k) +Gu(n) 4)

k=1
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The above equation basically describes how theckpsamples are related to the

excitation. The linear predictor, which carries fiveear predictor coefficientr, is

defined as:
S(n) = Zp:aks(n -k) 5)

The system function of a linear predictor, whictoighe p™order, is presented in the

frequency domain as follows:
p
P(2)=) az" (6)
k=1

It is essential to define the prediction error, ethican be expressed as a difference

between the speech sample and the linear predictor:
p
e(n) = s(n) —§(n) = s(n) - > a,s(n—k) (7
k=1
Equation 7 can be simplified in the following manressuming that

a =a,.Soifa, =a,,then:

e(n) :Zp:aks(n—k) +Gu(n)—zp:aks(n—k) =Gu(n) (8)

If the p"order system function of the linear predictor ig)R{(s defined in Equation 6,

the transfer function of the inverse filter is defil as:
P
A2 =1-) az" 9)
k=1

Therefore, the original definition of the time-vary digital filter, as described in
Equation 3, can now be expressed as:
S(2) _ G _ G
U@ -Yaz A(2)
k=1

H(2) = (10)

The predictor coefficients must be determined fsimart segments of speech due to the
fact that the speech signal varies according te.tihmerefore, the goal is to determine a
group of predictor coefficients, which minimize thean-squared prediction error over
a short segment of speech. These coefficients eadelkemed or assumed to be the
parameters of the system function H(z) (Rabiner@cttafer 1978: 399).
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Rabiner and Schafer state that since it was eshadli that if a, =a,, then
e(n) =Gu(n) . This would indicate that the prediction erefn) is composed of a train

of impulses and this, on the other hand, would ssgthat the prediction error would be

prominently miniscule. Rabiner and Schafer alstestiat the fundamental reason for
using the minimum mean-squared prediction errtiesfact that the method produces a
collection of efficiently solvable linear equatiotisat in turn produce the predictor

coefficients. This method offers a very precisespregation of the speech signal (1978:
400).

Since the speech signal is constantly changing va#ipect to time, the short-time

average prediction error must be defined in thiedahg manner:
2
p
E,=>.e/(m =2 (s,(m)-5,(m)* = Z{Sn(m) - a,s,(m- k)} (11)
m m m k=1

In the above equatiors, (m represents a speech segment, which has been dnasen

the close proximity of th@™ sample. §,(m) =s(m+n ).

To find values fora, that minimize the short-time average predictioroerE,, the

following partial derivative is set to zero:

0E, _

0 i=12,...,p (12)
oa,

This, in turn, produces the following equationsenéha, depicts the values af, that

minimize E :

an(m—i)sn(m):Zp:c?kZSn(m—i)sn(m—k) 1<i<p (13)

m

an(m—i)sn(m— k) can be expressed as:

@ (,k) =2 s,(m-i)s,(m-k) (14)
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Therefore, Equation 13 can be expressed as:
p
Yap(i.)=¢(0 i=12..p (15)
k=1

The above equation is the definition pfequations, withp unknown prediction

coefficients a, that minimize the average squared prediction efoorthe segment

s, (m) (ibid.).

According to Rabiner and Schafer, the minimum meguared error can be expressed
in the following manner. The form has been obtaifgdusing Equation 11 and
Equation 13 (1978: 401).
p
E, =2 s:(m-> a,>s,(m)s,(m-k) (16)
m k=1

Equation 16, which depicts the short-time averagerecan be expressed in a more

compact form by using the earlier definition delsed in Equation 15:

E, =0,00- .40k 17)

k=1
As Rabiner and Schafer explain, the total minimumoreis comprised of a constant

component and a component, which is dependentefptldictor coefficient{a, )

(ibid.).

The next step is to solve the predictor coeffigefftor that, the quantitieg, (i,k for

1<i<p andl<k< p must be solved. After that, the predictor coeéiits can be

determined by solving Equation 15.

Rabiner and Schafer state that the limits for tihnass(eg.l<i < p and1<k < p) must

be over a finite interval in order to achieve arstione analysis procedure. This leads to
the linear predictive analysis method chosen foe Mowel Game, which is the

autocorrelation formulation.
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3.2 The Autocorrelation method

This chapter centers on the autocorrelation metimdvhich the audio signal is
segmented using a finite length window referrednta’he Vowel Game’s case as a
Hann-window. However, in order for us to perfornmy aperations on the signal, the
signal must first be obtained from the microphome land then converted to digital
form by using an analog to digital transform. Thienophone first delivers the signal in
the form of a changing voltage. This changing \getés consequently sampled using a
suitable sampling frequency. In The Vowel Game,stpling frequency has been set
according to the application’s need. There areignificant elements in speech with
regard to vowels above 4 kHz and therefore the Bagfrequency has been set
according to Nyquist's theory at 8 kHz to avoidhalng (Carlson 1986: 353). Nyquist’s
theory is presented in Equation 18.

fo=2f, (18)
On a side note, O’Shaughnessy points out that st nelevant information in speech
with regard to communication is in the range of -B800 Hz (1999: 109). After
sampling, the signal is quantized using a 8-bitngjadion. This provides2®= 256
different levels for the samples. It is only aftbese operations that a segment can be
extracted from the waveform for windowing. The sigmust also be pre-emphasized
by 6dB per octave after the windowing. This mealat tthe energy of the high
frequency spectrum is increased relatively to theer frequency spectrum to ensure
that both spectrums are weighted equally (Paganais 2006: 700).

When a segmens, (m , )Js taken out from the speech waveform, it is essiithat the
waveform segment is zero outside of its interOa m< N -1 (Rabiner and Schafer
1978: 401). In the case of The Vowel Gamaefinite length window called Hann-
window was used, which is identically zero outditke interval stated above. The length
of the window in the application is 32 ms. The tiota of the Hann-window has been

set asw(m) and so the waveform segment can be expressed as:

s, (M) = s(m+ n)w(m) (19)

28



Therefore, if s,(m) is non-zero for the intervaDb< m< N -1, the prediction error

e,(m) for the p" order predictor will be non-zero for the inten@k m< N -1+ p

(ibid.). As stated earlier, The Vowel Game utilid€¥ order linear prediction.

So, in general, a waveform segment is formed byiptying the signal with a window

coefficient (e.g. a Hann-window) as in Equation TBe Hann-window w(m) can be

expressed in the following manner:

w(m =1[1—co{2—’mﬂ 0O<ms<N-1 (20)
2 N-1

The prediction errorE,, can therefore be expressed as a sum with thenfiolty limits:
N+p-1
E,= > ei(m (21)
m=0
Rabiner and Schafer also point out that the priedictrror could have been expressed
as a sum over all nonzero values frerw to « (ibid.) In addition to this, they observe
that the probability that the prediction error &de at the beginning of the interval
(0=sm<1-p) is high due to the fact that the samples of igead, from which the
prediction is made, have been set to zero. Simjlére probability that the error is large
at the end of the intervalN < m< N+ p-1) is also high because the samples, from

which the prediction is made, are nonzero.

Earlier it was defined that:
@3,k =) s,(m=i)s (m-Kk)

N+p-1
@, (,k) = an(m—i)sn(m—k) 1<i<p (22)
m=0
O<ks<p
This can be expressed as:
N-1-(i—k)
@, (,k) = an(m)sn(m+i -k) 1<i<p (23)
m=0
O<ksp

The above form is identical to the short-time aatoglation function, which has been
evaluated fori(— k) (Rabiner and Schafer 1978: 402).
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¢, (k) =R, (i k) (24)

R, (k) , which is an even function, can therefore be esqed as:

R.(9= 5, (m)s,(m+K) (25)
This is because:
2,6,k =R (i-k) i=12...p (26)
k=04...,p

The earlier definition (Equation 15):

p
Zakqan (i,k) =@, (,0) can now be expressed as:
k=1

>aR(i-K)=R()  1sisp (27)

Equation 27 finally leads to the matrix form below:

- RO R.@ R@ .. R(p-D]a] [R®O]
R.@ R, (0) RO .. R(p-29|a,| RO
R.(2) R.@ RO .. R(p-3|a:|_| RO 28)

|R(p-D) R(p-) R(p-D .. RO Ja,| [R.(p)

The above matrix is a pxp Toepliz matrix, meaning symmetric and all the elements
in a certain diagonal are equal (Rabiner and Scl#fé8: 402). In The Vowel Game’s
case, the matrix is a 10x10 Toepliz Matrix, sinice application utilises the $rder
linear prediction. The next step is, of coursefibal a way of solving the predictor
coefficients. According to Rabiner and Schafer, linis recursive solution is the most
effective (1978: 411).
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3.3 The Solution of the predictor coefficients

The equation for the matrix in Chapter 2.7, whielaltlwith the autocorrelation method,

was the following (defined earlier in Equation 27)

iak&(|i—k|):&(i)1£is P (27)

The matrix (Equation 28) is a Toepliz-matrix, astet earlier, and to solve the
coefficients of the matrix, there have been a féferknt popular methods in use over
the years, e.g. the Levinson and Robinson methadbi(Rr and Schafer 1978: 411).
However, according to Rabiner and Schafer, the neffstient of the methods is
Durbin’s recursive solution. The principal of tmsethod is to first solve e.g. a 3x3
matrix and then proceed to solve a 4x4 matrix llsurtg the previous result from the
3x3 matrix until the entire matrix is solved (Pagar2007: 29) and (Deller, Proakis and
Hansen 1993: 299). However, there are also a numbether ways of solving the
predictor coefficients. E.g. there is the Cholegkgcomposition solution for the
covariance method (Rabiner and Schafer 1978: AW coefficient matrix in it is not a
Toeplitz-matrix and Durbin’s recursive method cantim@refore be used. However, the
decomposition solution used in the covariance ntettam also be used for the Toeplitz-
matrix. It was therefore used in The Vowel Gamevall. The decomposition method is
referred to as LU and it is a slightly more gendoam of a method of solving the
coefficients (Paganus 2007: 29). A matrix A, whigln the form:

Ax=b (29)
can be decomposed into an Upper and a Lower mdaterce the name for the
decomposition solution: LU (Deller, Proakis and kkam 2000: 309).

A=LU (30)
Now, the x is solved using the following equations:

Ly=b (31)

Ux=y (32)

y can be solved by using Equation 31 and by usiagd/Equation 32, x can be solved
as well.
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Finally, the predictor coefficients can be presdritean LP polynome in the following

manner (Paganus 2007: 31):
Az =1+az" +..+a,z’" (33)
Equation 33 is essentially the same as EquatidroJinally retrieve the formants, we

must determine the amplitude response of the fatigwransfer function:

1

— 34
A2 (34)
The Maxima of the amplitude response can be dedomdants. First, the impulse

response must be determined in the following maf(bet.):

1 ,n=0

y(n) = {aly(n -D+a,y(n-2)+...+a,y@0), ,n>0 (35)

The impulse responsg(n) must be Fourier transformed. The result is thgueacy

response. Finally, to determine the amplitude respp the absolute value of the

frequency response must be determined in the follpway:

[FFT|=+a? +pB° (36)
Equation 36 represents the amplitude response whasethe real part of the frequency
response angs is the imaginary part. From this we obtain a grajiere the maximum

peaks are deemed formants. The formant values aoelated using the following

equation:

> (37)

where m represents the amplitude response values andtid iamount of samples in
the impulse response (ibid.). The principles offberier transform are explained in the

following chapter.
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3.4 The Fourier transform and the Fourier Series

In its standard form, the Fourier transform is ategral transform, which presents the
signal’s spectrum as a function of frequency. Wik aid of the Fourier transform, it is
possible to form a line spectrum, which is basednuihe idea that the Fourier-series
can be expressed as a sum of the direct currertharftarmonic cosine waves.

When the formants of the signal cannot be deteftted the signal in the time domain,
it becomes necessary to perform the FFT (Fast &oliransform) of the signal in order
to enter the frequency domain and perceive theahcamponents. The amplitude of the

components becomes essential in the forthcominlysesa

If the signal is denoted ag), the Fourier transform is expressed accordingoalion

38 (Carlson 1986: 32):

X(f)= Tx(t)e"jzmdt (38)

In The Vowel Game, the Fourier transform is perfedmon the impulse response
defined in Equation 35. Basically, the Fourier sfanm presents the signal’'s spectral

: .V \W _ : :
density and the used unit is elthﬁr— or H— The Fourier transform is essentially a
z z

mathematical signal model, which cannot be measus#ag indefinite time signals.

(This is obvious since the Fourier-transform is adtinction of time by its definition).

The new variablef in Equation 38 is real, but the Fourier transfasnoften complex

due to the fact that the signa(t) is multiplied by e 12 \where Jis an imaginary

unit. Its definition is the following:

j?=-1 (39)
The following expression can be used for the angrdéocity:

w=27f (40)
Only the Fourier series of a periodical signal bardeemed to have a signal spectrum.

The Fourier series is a function of time (as opddsethe Fourier transform which is a
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function of frequency). In general, the Fourielisg@are an orthogonal representation of

a complex exponential base function. The base ifomcd of the form:

@ () =elZMT ¢ D[—%,H n=0+1+2,+3... (41)
: . . . . TT].
The Fourier series of a signa{t) in the domairt [ _E’E is expressed as follows:
o j2mt
xt)= Dcpe T (42)

n=-oo

C, is the Fourier coefficient, which can be expressdtie following way:

1712, 1 T/2 ,
cn = [xOmOdt=2 [xme M Tt (43)
-T/2 -T/2

In Equation 43, the integral is a correlation betwéehe signal and the base function.

The correlation has been divided by the lengttheftime period.

The Fourier series can be calculated for signaksrevthe following conditions apply:

Ti2 2
[|x@®)] dt<eo (44)
~T/2

Iimﬂx(t +&)—Xx(t- £)|} #0 (in afinite amount of points) (45)

The Equations/conditions 44 and 45 apply when itpeas is limited with regard to its

amplitude and has a bookable amount of disconiasuit
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4.  Vowel training systems

As of this date, The Vowel Game is the most repeotiuct to emerge from the field of
vowel training systems. It has been preceded bgroflystems, which have been
developed, more or less, to train the student’sigmoiation of vowels utilising visual
real-time feedback and the vowel diagram presentiveg F1/F2-plane. This chapter
centers briefly on some of these earlier systentsthair main differences with The
Vowel Game. Systems such as Kay Sona-Match, Pnotai Speech, Video Voice and
Accent Lab were also a part of Michael Carey’s gtudL1-specific CALL pedagogy
for the instruction of pronunciation with Korearataers of English. In his study, Carey
looked, among other things, at some of the mosagop disadvantages of the systems
and argued that the systems utilising the F1-F2tiptp are potentially the most
effective, although they present their own problasisvell (2002: 161).

The studies of Anne-Marie Oster centered on CAP®n{@uter-aided pronunciation

training) and CBST (Computer-based speech theragych utilised visual feedback

with focus on children with profound hearing impaénts. In her study, she offers a
number of criteria, which should be taken into actavhen visual feedback is used in
speech therapy (2006: 197). She stresses that ithpsrtant to first diagnose the
individual deviations that have the most effectimtelligibility. After that, the speech

material must be planned and defined, which isowdd by the instructions and the
initial training phase. The final stage is the ‘@&pve training for generalisation,

transfer and linguistic use” followed by an evaioat(Oster 2006: 198). The training
systems presented in this chapter, SpeechViewantITrollerilddan, were also a part
of Oster’s studies and she offers her assessmée ébrmer in this work.

Deborah Healey, among others, also explored a nuoflibe aforementioned products
and offered her constructive criticism relatedheitt apparent inadequacies (1998). The
point, which M. Carey brought up, for instance, walated to the debate regarding the
relationship between the acoustic representatioa wbwel with regard to F1 and F2
and the perception of it. Some, like Rosner andked®ing, argue that the F1/F2-
representation is not an adequate model in iteelpérception (see Chapter 2.5). In The

Vowel Game, for instance, the categories are ptedarsing the mel —scale.
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4.1 The Vowel Game

The Vowel Game utilises a graphic vowel diagramhwiisible vowel categories that
function in real time. The idea of The Vowel Gamsewhat its title suggests. It is a
game where the desired pronunciation brings theestipoints. The version, which was
modified for the tests, excludes the game portimurt, offers the user the possibility to
record the pronunciation in text format. This wag formant values (Hz), along with

the date and time and other optional informatiam loa observed in a text file.

As Figure 8 illustrates, The Vowel Game has beedified for the sake of the tests.
Buttons with clear labelling (in Finnish) have beadded to make the actual test
situation less complex and to ensure that all #eessary operations can be performed
from The Vowel Game’s interface. The three buttahghe lower left corner in the

“Harjoittele”-section (“Practise”-section) in FiguB are listed as follows:
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Figure 8 The Vowel Game

“Pelaa” (= Play)

This button activates The Vowel Game’s vowel diagiso that all the sounds,
which the microphone picks and which the prograterprets as vowels, are
plotted in the vowel diagram. 6 boxes have beedledrin the #/-area in the

diagram (the % and the % row from the top of the diagram ant' 8" and ¢’
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column from the right. The circled box on th& ®w and in the 8 column is

the reference box. Its middle point is the refeeepoint (F1 = 300 Hz, F2= 969
Hz). Whenever a hit is plotted in any of the 6 xbey turn red and remain
red for the duration of the session. Whenever glptotted again in any of the
red boxes, they turn momentarily yellow. This is @asure that all the

consecutive hits in these circled boxes may begpezd.

“Keskeyta” (= Stop)
This button disconnects the microphone line so T Vowel Game will not

display any hits.

“Tyhjenn@” (= Clear)
Thus button clears all the red boxes and turns twdour to the regular grey.

“U-aan...” (= The /a/-audio model)

This button plays the synthetig/faudio model through a set of headphones or

speakers. This button was added to The Vowel Gamiiné sake of the tests.

“Sana ‘h...” (= The /has/-audio model)

This button plays the naturddds/-audio model through a set of headphones or

speakers. This button was added to The Vowel Gaminé sake of the tests.
The “Testaa” (="Test”)-section includes one buttord a text-field.

“Testin aloit...” (= “Start the test”)

This button plays the recording, used in all thetseThe recording lasts 77

seconds and first features the syntheticaudio model 10 times, with each
model 3 seconds apart. After the B@-audio models, the recording plays back

the 10 naturalhus/-audio models, each 3 seconds apart. When thisrbig

pressed, the playback of the audio recording isnsented along with the

recording of the hits in the text file.
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The test session and the test subject's name canteeed in the text field

before pressing the'Start the test™-button. This way the text field’'s

information is recorded in the text file, which pglin the identification of the

data later on.

Figure 9 illustrates three hits in The Vowel Gameisvel diagram. Two are in the/t

area and one is in the /i/-area.
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Figure 9 Hits in The Vowel Game’s vowel diagram
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4.2 Accent Lab

Accent Labwas one of the vowel training systems, which wasigheed to utilise

different types of visual methods to help evaludie student’s performance. Among
other things, it measures and displays a diagriastiating the pitch and the volume of
the student’s voice and then compares it to a mpajrammed by the teacher or the
pronunciation coach. By comparing the two diagraths, student can see how well

he/she succeeded in replicating the correct emgisargiss and pitch.

Accent Lab also evaluates the student’s vowels tiliging spectrograms, but unlike
The Vowel Game, it does not provide real-time fanm@acking. The formants of a
vowel are displayed both in the spectrogram and wowel diagram. As explained
earlier, formants are energy concentrations ireguency spectrum. With vowels, only
the first two formants, F1 and F2, are relevanhwéspect to the spectrogram and the
vowel diagram. The vowel diagram can be used tsstilate the location of the target
vowel and how far or close the student’s vowelsfadl that target. In this respect, a
graphic real-time interactive vowel diagram is tiheg in the sense that it can be
modified/programmed to clearly display the distabeéwveen the target vowel and the
student’s production of the vowel in question. A&jpogram, where the actual formants
are displayed as darker areas, may not be as iafmenas the vowel diagram and
would certainly require spectrogram interpretatssiiils (Carey 2002: 163). The use of
this system therefore requires a tutor in casesthéent is a not an expert in phonetics
and spectrograms (Healey 1998). Accent lab is abkglat www.accentlab.com (Accent
Technologies 1997).
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4.3 KAY Sona-Match

Another similar product is KAY Sona-Match. It redaes Accent Lab with the
exception that it performs the formant analysisomatically. It utilises the LPC
algorithm (also explained in more detail Chaptetd3jietermine the first two formants
and displays the vowel in a vowel diagram. Kay Sbhtach also provides feedback in
real-time like The Vowel Game. The only inadequatyhe system is that it does not
teach the student how to improve his/her perforraambis is due to the fact that it does
not give any specific instructions on how to adjim first two formants by changing
the position/shape of the tongue or the lips. KA¥n&Match is available at
www.kayelemetrics.com (KayPENTAX 2008).

4.4. The Video Voice

Another more recent product is The Video Vo@ailable from www.videovoice.com
(Micro Video Corporation 2008), which has seversual representations of both the
student’s productions and the various models. & Hdferent formant displays for
vowels and P-A-R (Pitch-Amplitude-Rhythm) displajar the different ‘invisible
aspects’ of speech such as rise-fall or fall-riatgss and how loudly or softly sounds
are produced. The Video Voice also includes pitath imtensity measurement methods
and games for speech practise aimed at youngeerggidr children in need of speech
therapy. The problem of the Video Voice is thatjkenThe Vowel Game, it does not

provide feedback in real-time.
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4.5 The 3-D Vocal Tract Project

All the other examples in this chapter, which aélia vowel diagram, are based upon a
2-dimensional representation of the vocal tractwehler, 3-dimensional models have
been developed as well. For example, www.speeckddthultimodal/vocaltract.html is
an application developed by KTH (Kungliga Tekniskégskolan) and it offers a 3-D
model of both the vocal tract and the nasal trdckgawith the tongue, the lips and the
teeth. All these parts are represented with colthas resemble the actual colours of
these speech organs. The main difference betweesystem and The Vowel Game is,
as stated earlier, the 3-dimensional aspect andatttethat the 3-D project does not
display a vowel diagram as such. The applicatioprésented on a website (Kungliga
Tekniska Hogskolan 2005).

4.6 Trolleriladan

Trollerilddan is a Swedish speech training systhat tvas developed within the EU
project “SPECO” between 1998 and 2001 for childsetween 4-10 years with speech
impediments and hearing-impairments (Oster 2008).11dowever, it can also be used
for adults. The difference between The Vowel Gama Frolleriladan is that the use of
the latter is not solely limited to the training wdwels. Trolleriladan (‘Box of tricks’)
has been divided into four segments: sound prdparatowels, sibilants and intonation
where the sound preparation segment is developedhi® training of loudness,
spectrum, pitch and rhythm (Eriksson 2004: 15). ll&radan is available from
Frolunda data (Frolunda data 2007).
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4.7 Pronunciation power

The main difference between Pronunciation Power &hd Vowel Game is that
Pronunciation Power does not feature a vowel dragtaut displays the student’s sound
(e.g. a vowel) in the wave audio format insteads Epplication also offers the option
of comparing one’s sound to the sound of the icstu Carey deems to use of the wave
audio format rather ineffective since it only deyd the intensity of the speech signal.
With this format, variables of speech rate, aratoiy settings and airflow generate a
different result each time even in the case whegeotiginal model speaker attempts to
recreate the model (Carey 2002: 160). Healey adswludes that the waveforms may
be difficult to interpret by the students on thewn (1998). Pronunciation power is

available at www.englishlearning.com (English Cotepized Learning, Inc. 2006).

4.8 Ellis Master Pronunciation

The Ellis Master Pronunciation displays the indiotie vocal tract and the movements
of the articulators and compares them to the cpomding movements of the student.
This application also offers the option of listagito a male or a female voice and then
observing the possible differences in the movemehtke articulators. The difference
here between the application and The Vowel Gantlaisthe system does not display
the vowel diagram as such, but offers a side vieth® actual vocal tract instead. The
weakness of this system is that the student may ifirdifficult to understand how
he/she should alter the position of his/her aréitars (e.g. tongue) to improve the
pronunciation since the student is unable to seielenhis/her vocal tract (Carey 2002:
160). Also, the record-keeping facilities of thigsseem require that each student has
his/her own ID provided by the teacher (Healey 19%8e Ellis Master Pronunciation

is available at www.formavision.com (CALI, Inc & Foavision 2000).
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4.9 Protrain Vowel Space Display

The Protrain Vowel Space Display features a vowabmm and also displays the
formant values. It also offers the option of redogdthe student’s pronunciations for
later analysis. The weakness of this applicatiahas, unlike The Vowel Game, it does
not provide feedback in real-time and that the fmimaxes have not been inverted to
correspond with the tongue movements. Also, it dagsdisplay true IPA fonts (Carey

2002: 164). Protrain is available at www.protramspm (ProTrain 2005).

4.10 Dr. Speech

Dr. Speech is slightly similar to Protrain in trense that it displays a vowel diagram. In
addition to the diagram, it also displays the sownithe wave audio format. Dr. Speech
is available in two versions. They both providel+téae feedback of F1-F2, but the
Speech Training version also provides the optiowi®@iving two speech samples at the
same time in the wave audio format (Carey 2002:).1&®oth are available at

www.drspeech.com (Tiger DRS, Inc. 1999).

4.11 Technology Enhanced Accent Modification (TEAM)

The Technology Enhanced Accent Modification (TEAMjsplays not only the
student’s hits in a vowel diagram, but also e.g.aadio model in the wave audio
format, which the student may try to match throumgitation. TEAM is essentially a
reconfigured version of Dr. Speech and the probkgth it is that the vowel model
templates cannot be altered (Carey 2002: 161).sithéarity between the system and
The Vowel Game is simply the use of the vowel chagr The Technology Enhanced
Accent Modification is available at www.fipse.aad.¢Fipse grant database 2005).
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4.12 Speech Viewer Il

The original Speech Viewer was developed by IBML883 and its target areas for
speech training are voicing, FO, speech timing,di@mss and vowel production
(Eriksson 2004:16). The application is clearly diesl towards children, but the
authoring of this system is non-intuitive unlesg e an expert or a speech clinician as
assessed by D. Healey (1998). Speech Viewer llsistsof 13 different programs and
A-M. Oster evaluated the vowel diagram program ¢oabuseful pedagogical aid in
displaying the students’ vowel deviations. She alsemed the vowel diagram to be an
efficient tool in describing the tongue’s role imwel production (2006: 160). This
finding slightly contradicts M. Carey’s view on velwdiagrams as in the case of Kay
Sona-Match. Speech Viewer lll is available at wdamicom (IBM 2008).

4.13 Praat

Praat is a freeware phonetics program that can mvnidaded from
www.fon.hum.uva.nl/praat (Boersma and Weenink 20B8at is not a vowel training
system as such, but it can be used to record voeseds to display the vowel's
spectrogram illustrating the formants as shownigufe 10. The problem with Praat
lies in the fact that it is a complex system dieelctowards specialists who are skilled in
the areas of the LPC algorithm and formant andtspgi@m analysis. In this sense, it is
certainly not easy for a beginner to use and fonesme who is not knowledgeable
about the principles of formants and spectrograinspectrogram and the wave audio
view is illustrated in Figure 10 and the commanasissued in the interface depicted in
Figure 11.
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4.14 A Summary of the systems and their characteris  tics

What appears to be a common denominator for mogteofystems presented in this
chapter is that they often offer an F1/F2-planeeasn visual feedback. The planes
display the vowel hits either in real-time as ie ttase of The Vowel Game or with a
delay. While the use of such vowel diagrams camfegmative as stated by M. Carey,
they often fail to provide the student with specififormation on how the vowel should
be pronounced and how the vocal tract and itsdatiors should be configured. For
instance, they do not explain explicitly how thesgion of the tongue should be altered
or when the lips should be rounded. Other systeodh) as Ellis Master Pronunciation,
offer a side view of the vocal tract. Again, thitteng presents yet another problem,
since the students are unable to see within theiracal tracts and to observe how the
positions of their articulators change. This i®alse case with The Vowel Game since
it does not offer any information on how the lip®sld shaped. As M. Carey suggests,
such systems often require the presence of a spiadhan, a therapist or a phonetics
specialist to aid the student in the learning ofvneowel categories. At least, the
presence of such an expert is deemed vital whesttltent starts to use the system for

the first time.

Another problem with some of the systems seemsetdhkir complexity and their
limitations with regard to authoring like in theseaof Ellis Master Pronunciation.
Systems such as Accent Lab, Praat and even SpeealeVIll, which is a speech
therapy software developed for children, requirevamded knowledge of speech
production. Praat, in particular, requires spectioganalysis skills and it is therefore
not a suitable tool for a beginner. Some of theesys also fail to provide the IPA fonts,

which is the case with Protrain.

However, most of the systems offer various otheethods of speech training or
therapy besides vowel training such as pitch amengity measurement methods or
intonation pattern exercises. In this sense, sofmthe systems such as The Video
Voice, Trolleriladan or TEAM can be deemed morebetate than The Vowel Game

whilst keeping in mind that The Vowel Game is siitider development.
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The next chapter centers on the testing of The V&eene and describes the basic test
settings and the test methods. Chapter 6 provigegformation on how the data was
composed of and how it was treated before the aisalZhapter 7 provides the various
analysis methods applied to the data and finallgg®r 8 provides the conclusions and

evaluations based on the analyses.
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5. The Testing of The Vowel Game

The purpose of the testing of The Vowel Game ishow the effect of the real-time
visual feedback of the game. This type of an effeased on real-time visual feedback,
has been studied earlier by Dowd, Smith and Woffmgi another type of acoustic
measurement of the vocal tract (1998: 1). In thsting of The Vowel Game, the
subjects were advised to imitate a vowel accordiogaudio models and then
consequently produce the vowel in The Vowel Gaméh\is method, the subjects
received immediate feedback on how far or closé tr@vels hit the target/reference
point. With successive repetitions of the vowel hivit one test and over many
consecutive exercises, the standard deviationkedf vowels in the diagram could be

perceived along with their average concentratiartbe vowel diagram.

The tests involved two groups; the treatment grawgb the control group. Both groups

practised the imitation of the sustained synthétitvowel and the word hits/
according to audio models. The general differeretevéen the groups was that only the
treatment group was able to utilise The Vowel Gamnesual real-time feedback in the
imitation process. These types of experiments,luiwg the imitation of vowels e.g. in
a word, have been conducted as early as 1952 byR&tEBrson and H.L. Barney (1952:
175). Essentially, they studied the variation ofvets in speech production using over
70 speakers and listeners and several 3-letter smoiduding a vowel. The general
difference between the tests of Petersen and Bamné\the tests of this study was that
the Petersen and Barney test subjects first redattaksr own vowel productions and
then consequently imitated these productions wisateasubjects in this study imitated
pre-recorded models. The Petersen/Barney testsralstved the identification of the

vowels whereas this study involved only the produn¢imitation of the sustained vowel

[a/ and the wordhus/. No identifications or discriminations were invetl. Another

example of a study involving the imitation of vowehas been the study of Dowd,
Smith and Wolfe (1998: 1).

As for the questions, whether or not imitation @d pronunciation and what is the
cause for the learning with imitation, one of tHausible explanations for the learning

process may be, as explained in the introductio® niirror-neuron system in humans.
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This theory has been suggested by Rizzolatti aradgBero (2004: 169) and Arbib
(2002: 272). Essentially, the function of the mirn@urons can be explained in the
following manner. The mirror-neurons are locatedhi@ Broca area on the brain and a
certain activity perceived by the individual, epgonunciation or speech, stimulates the
mirror-neurons, which, in consequence, activatesigurons and aids the person in the
imitation of the perceived action. However, it slibbe pointed out that the purpose of
this study was not to prove the existence of theamneurons or to show that they
caused the learning in imitation, but merely togrsgj that the mirror-neurons might be
one plausible explanation for the learning process.

Also, what should be stressed is the fact thapthpose of the tests was not to teach the
subjects native-like pronunciation but rather teestigate if The Vowel Game’s real-
time visual feedback has an effect in making thenpnciation more constant. In any
case, researchers have suggested that native-ligeuniation can be learned
approximately between the age of 2 and the eadgstavith sufficient exposure to the
language (see Chapter 2.6). In the testing of Ttveel Game, all the test subjects were
adults.

In any case, The Vowel Game’s vowel diagram has loeeed as a constant area and

therefore all the subjects cannot be assumed tihéik/ category’s center. This is due
to the fact that the shape, size and the positidheovowel diagram vary according to
the speaker. For instance, the shapes, sizes amubsitions of the vowel categories of
two different speakers are rarely, if ever, the sa@specially when the sex is taken into
account. Each and every speaker has his/her individowel diagram. Rosner and
Pickering state that the productions of one voweldiiferent speakers can be very
diverse spectrally due to the differences in thealéract size and shape (1994: 265). It
is therefore beneficial to study how the deviatiord the area of the subjects’ plotted
vowels change over time due to the effect of thad-tiene visual feedback. Do they
concentrate near the vicinity of the target vowetisegory or do they scatter over time?
Also, what happens to the vowels of the controlgravhen they use The Vowel Game
without ever seeing the graphic vowel diagram arithomt benefiting from the real-
time visual feedback? Do the plotted vowels of ¢batrol group scatter more than the

ones of the treatment group that has practicegtbeunciation of thed/ vowel with
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The Vowel Game 4 times over a period of 1 week Alghat are the changes in the
average F1, F2 and the Euclidean values within lzetdieen the groups? Is there a
perceivable difference in the average values ofréement group between the start test
and the end test and how does this change compdhe tperformance of the control
group?
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5.1 The Test method for the treatment group

As stated earlier, the testing of The Vowel Gammlves two test groups. The first is
the treatment group, which consists of 10 Finnibaking adults (6 males and 4
females) that have received generic language tegchiSwedish at school. The other
group of 10 Finnish-speaking adults (6 males arfdrdales) functions as the control
group. The reason for selecting adults for thestesttead of children is related to the
problem of the children’s higher formant valueseagplained in Chapter 2.1. Both the
treatment group and the control group use The Vdsahe on 4 separate occasions,
approximately 3-4 days apart. The difference betwd#ese two groups is that the
control group never sees The Vowel Game althougin tfowel exercises are recorded
with The Vowel Game and they are advised to repeatsame procedures as the
treatment group (see Figure 12). The approacherstirdy is similar in principle to the
approach Dowd, Smith and Wolfe took in their stutlgey used a visual display of the
impedance spectrum of the vocal tract as real-teedback. This way the test subjects
could understand the vocal tract configuration nexglto pronounce the target vowel
(1998: 1). Essentially Dowd, Smith and Wolfe alsed two groups, one of which
functioned as the control group. The concept ohgisi treatment group and a control
group was also utilised by M. Carey and A-M. Ostetheir respective studies.

Treatment group: 10 subjects

Exercise 1. Exercise 2. Exercise 3. Exercise 4.
Anaudio model || &naudio mode] || &nandio model || Anandio model
iz imitated is iraitated iz irvdtated iz iraitated
and recorded and recorded and recorded and recorded
with The with The with The with The
Wowel Game Wowel Game Wowel Game Wowel Game

Control group: 10 subjects

Exercise 1. Exetcise 2. Exercise 3. Exetcise 4.
Anaudio model || &naudio mode] || &nandio model || Anandio model
Is imitated Is imitated Is imitated Is imitated
and recorded and recorded and recorded and recorded
with The Vowel | | with The Wowel | | with The Vowel | [ with The Vowel
Grame without Grarne without Crarae without Grame without
the wisual the wisual the wisual the wisual
feedback. feedhack. feedhack. feedback.

Figure 12 The test structure
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The first segment of the testing is the start beswvhich the level of the two groups

could be observed. The start test utilised a tesbrding, which consisted of 10

synthetic models of the vowedt// and 10 natural models of the Swedish word ‘hus’.
This method of using both natural speech and syiotheaterial is the same used by e.g.
Taisto Maattd in his contrastive studies in theception of the vowel sounds of

Swedish by Finnish Speakers (1983: 187). In the reording used for The Vowel

Game, there was a 3 second gap between all thelsnedethat the subject had a
sufficient amount of time to react and imitate thedel. Both groups were advised to
listen to the test recording through a set of hbadps (KOSS 45SB) and immediately
imitate the sound when it was played back. In otherds, repeat after the tape. The
start test was short and only lasted approxima8flyseconds. The altogether 20

imitations (10 x#/ and 10 x hus/) were recorded in text format with The Vowel Game
and stored in a text file. The Vowel Game’s vowe&gdam was not visible to the
subjects at this stage. This start test was idaniicboth groups and its purpose was to
indicate and show how the subjects perform in Tlwv& Game’s vowel diagram
before the exercises and the end test. An altematay of determining the levels of the
two groups before the start test and the end dtihave been a procedure, which is
described below. The method is very similar todhe suggested by A-M. Oster, which
involves an evaluation by a speech therapist (2@08). The method was abandoned
due to the fact that the fundamental idea of teesteas not to evaluate the skills of the

students, but to test whether or not The Vowel Geaameguide and aid pronunciation.

The omitted procedure:

Before the actual testing commences, the pronuaniakills of the participants
are tested using a piece of text in Swedish, wthehparticipants are advised to
read out loud. The performances are videotapetlesodan be analysed later by
a phonetics specialist. The performances are etemluasing a scale of 1-5
(1=poor, 5=excellent). This is carried out to detieie the basic level of the
group. If a certain treatment or control group men) is deemed to be below
the average level of the group, the member is ceplavith a more suitable test
person. This is to ensure that the skills of thmugrare as homogenic as possible
to avoid any drastic deviations in the actual testilts. The same evaluation test

is carried for the control group.
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After the initial start test described earlierwis time to perform the exercise sessions.
The procedures in the sessions were the followiRge testing took place in a
specifically designed usability laboratory. Thededtory room was divided into two
areas: the testing side and the observatory. Tiwesareas were separated by a sound-
proof glass, which enabled the supervisor of theteobserve and monitor the setting.
The idea of this setting was that the presencé@fstuipervisor should not disturb the
test subject. The test subject was seated in &fomtcomputer screen and given a pair of
headphones with a microphone (KOSS SB45). He/slsebnafly instructed on how to
operate The Vowel Game; how to playback the audiddehand how to commence the
recording of the test. The audio level for the medeas kept constant for all the
subjects. The test person was then left alone.ehitiee test procedure was videotaped

for further analyses and evaluations.

Figure 13 The test setting: The Vowel Game, headphen + microphone, video camera, noiseless
environment (the window separating the test side ahthe observatory is sound-proof)

Figure 14 The observatory and the video mixing fadties
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1) The test subject is advised to listen to an@utbdel of the target vowek/ and
then to imitate the sound to the best of his/hditabThe played audio model
can be listened to by pressing a ‘play’-button meTVowel Game’s interface.
The subject has a few minutes to try to imitate tbevel until the recording

commences. The subject is also advised to listemtaudio model of the word

‘hus’ (/hus/) and to imitate the word. This is, in essencgyeatraining phase.

2) Before the actual recording is started, the super enters the info regarding the
test subject’s name and the test session intcetttefield. This helps to identify
the recording results later when they are examiméide text file.

3) When the test subject is ready and the superiis® given an ‘ok’-sign through
the window, the subject presses the record-butiohhie Vowel Game, which

commences the same test recording that was uske istart test. The subject

imitates the 104/-vowels and the 1Ch&s/-words of the test recording, which
are consequently recorded with The Vowel Game.t&heis finished when the
10" and last ‘hus’- word has been imitated.

4) After the session, the supervisor provides tigext feedback on how he/she

could improve the pronunciation by changing theitpms of the lips or the

tongue.

Figure 15 A treatment group test subject pronouncinghe M/-vowel in the start test
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Figure 15 illustrates a test subject of the treatnggoup in the start test. At this point
The Vowel Game’s vowel diagram was obscured from tdst subject by a piece of

cardboard, but in the video mix both The Vowel Gand the subject are visible. The

pronouncedd/-vowel can be seen in the diagram as a yellow dioxhe right side of

the reference box.

The overall duration of one exercise session is@a@mately 5-10 minutes and the
practice session is repeated 4 times over a pefiapproximately 1 week. The first of
the 4 exercises is carried out immediately afterdtart test to save time and the last is
followed immediately by the end test, which is itlea to the start test. The method of
keeping all the test sessions and the exercises @hax. 15 minutes) coincides with
the criterion set by A-M. Oster, which defines thataining session should not exceed
30 minutes in order to be efficient (2006: 197).céing to her theory, a complete
training-period should include approximately 10ss&ss before the final evaluation.
However, within the constrictive schedule of Themb Game’s testing, such a number
of sessions was deemed impossible. The functignafithe entire test setting was first
verified in a pilot test using a single test persorensure that the actual tests could be

performed without any technical problems.
In the statistical analyses, the start test anetiiktest results are compared between the

groups. What is particularly interesting is to camg the end test results of the

treatment group and the control group.
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5.2 The Test method for the control group

The procedures for the control group are identioathe procedures of the treatment
group with one crucial exception. The control gragponly advised to listen to the
audio model of the vowel or the word and to imitate the best of their ability. The
control group never sees the actual Vowel Gameisititerefore never exposed to the
effect of the real-time visual feedback. This itsure that the possible effects of The
Vowel Game’s real-time feedback to the treatmemtupgrcould be perceived as a
measurable difference between the two groups. Towtral group imitates the
vowels/words according to the audio model withobe tvisual feedback of the

application. However, their imitations of the vowel are nevertheless recorded with

The Vowel Game using the same test recording shased in all the tests.

Figure 16 The control setting (Notice the cardboar@bscuring The Vowel Game's vowel diagram)
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5.3 The Data parameters and the hypothesis

When the record button has been pressed, The @amle checks every 32 ms if there
were hits in the vowel diagram. In the case ofta e Vowel Game records it in a

specified text file.

The game has been modified for the sake of thetdestcord the Euclidean distance

from the center of the target area. The centertdithe target area is the following:

F1 =300 Hz
F2 =969 Hz

The Euclidean distance is of the form:

d=(F1- o) +(F2-Fous) (46)

Fies IN Equation 46 is the first formant of the testgm®’s pronounced vowel and

F is the second.

2test

Equation 46 is fundamentally the same as the oed by Boe, Schwartz and Vallee
(1994: 195) in their study with one exception. &ast of using F2, they used F'2, which
is a computation of F2, F3 and F4. The distancegimformation on how far/close the
subject’s vowel hit the center of the target argimce the diagram is not calibrated
according to the subject’s voice and vocal tracisiimpossible to assume that the
optimal target vowel of each subject would be atdbnter of the target area. As Rosner
and Pickering stated, the productions of one vdwyetifferent speakers can be very
diverse spectrally (1994: 265). Still, the distargiees valuable information of the
relative position of the subject's vowel to the tnof the target area. What is
interesting to observe is the mean value of theadce of the ten hits, their standard
deviation and the coefficient of variation. Of ceey it is important to note that the
distance alone does not provide any definitivermifation of the exact locations of the
hits. The Euclidean distance only provides theusadliom the center and the hits could
be located on any single point on the circle defibg the radius (which is the distance).

Still, the concentration of the hits is always fied by examining the average hits in
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each diagram to ensure that the hits are not sedttélso, if the average value for the

Euclidean distance has decreased from the starwwesknow at least that the average
hits have drawn closer to the reference pointhk dase of the treatment group, this
would also indicate that the real-time visual fesmdbhas aided the test subject to direct

his/her hits closer to the target.

In any case, the mean value is of the form:

n

D%
E= 1n (47)

The distance d in Equation 47 has been notatedcaad xhe number of the hits as n.

The standard deviation is of the form:

(48)

where the mean value E has been notated.as

Finally, the coefficient of variation is of the far

(49)

The student’s hits are recorded in a text filet) itx the following format:

Date and time; a text field; F1; F2: the vowel; Fgclidean distance.
E.g:
Thu Sep 13 19:20:49 EEST 2007; text_field;656;14(553

In the above example, the subject’s vowel parametieres are:
F1 =656 Hz, F2 = 1406 Hz.

The vowel is /@/ and the Euclidean distance acogrth Equation 46 is 563 Hz.
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When the subject imitates the vowed in a single test, rows indicating the hits are

recorded in the text file in the following manner:

Thu Sep 13 19:20:49 EEST 2007;text_field;656;14@68&
Thu Sep 13 19:20:49 EEST 2007;text_field;656; 14368
Thu Sep 13 19:20:49 EEST 2007;text_field;656;14@3&8&
Thu Sep 13 19:20:49 EEST 2007;text_field;656;143&8&
Thu Sep 13 19:20:49 EEST 2007;text_field;656;14@68&

The mean value, the standard deviation and the €oVbe calculated for F1, F2 and
the Euclidean distance according to Equations 87ard 49. When the subject repeats
the same test four times as depicted in FigurevE2receive four sets of mean values,
standard deviations and the CoVs. Within the sadghis study, only the start test and
the end test results will be examined and compangld only some attention to the
performance in the™exercise, which is executed immediately beforeeti test.

What is intriguing to observe is how the CoVs d thits change between the start test
and the end test due to the proposed effect dbtlneexercises between them. Have the
CoV-values decreased in the end when comparecktstént test? The hypothesis is that
the CoV-values of the F1-and F2-values of the tneat group will be smaller than the
corresponding CoVs of the control group. This i do the assumption that the
immediate real-time visual feedback of The Vowelm@aaids the subjects in the
treatment group in producing vowels, which hit 8@me area in the vowel diagram
more constantly than the control group, which doest receive any real-time visual
feedback. Here it is crucial to illustrate to thestt subjects that they should always

attempt to imitate the audio model to the besthefrtability regardless of whether or

not they hit the target area ef//dead center. This is due to the fact that thgrdia is
not calibrated and that the target area’s centaroisan absolute model. Every test

subject will have their unique optimal ‘spot’ inetllliagram, which best represents their

lal. The position of thisd/ is not necessarily the center of the target area.

After the start test, each test subject in the graull have their average, standard

deviation and the coefficient of variation (CoV)wes for the F1, F2 and the Euclidean
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distance for each of the 1&/fimitations and 10hwus/-imitations. The #/-and hus/-

sections will be analysed separately. This meaaiswith one group, there will be 100

values (10 subjects x 10 imitations) in tleé$ection for each parameter (F1, F2 and the

Euclidean distance). There will also be 100 comwasing values in thehks/-section as

well.

It is also possible to calculate an average, adstahdeviation and a CoV for a single

test subject for the 10 imitations of e.g/ /in the start test and calculate the

corresponding values in the end test as well. Byparing these two sets of averages, it
is possible to evaluate a single test subject’fopmance between the start test and the

end. The comparison must be made for bothdhsdction and thenks/-section.

The four exercises are performed after the statt ¥when they have been executed
successfully, it is time to perform the end tedtjol is identical to the start test. In the

end test, neither the treatment group nor the obmgroup see The Vowel Game’s

vowel diagram, but their imitations of the//and hus/ are nevertheless recorded with
The Vowel Game. The end test will be evaluatedterown and separately from the
four exercises. Here the hypothesis is that the fouor exercises will cause a
measurable difference between the performancdsedi¢atment group and the control

group.

In the end test, the CoVs of the F1 and F2 valuédwes calculated as described earlier,
based on the results from the end test. The asgumiptthat in the end test, the CoVs
of the F1, F2 and the Euclidean distance valugleotontrol group will be larger than

those of the treatment group. All this is examiiredetail in Chapter 7.

The data from the start test and the end test tooth the treatment group and the
control group will be analysed using a statistioffiveare SPSS. The first test to be
performed is the Kolmogorov-Smirnov-test to se¢hé data has normal distribution.
This test defines whether the data should be apdlysing ANOVA (Analysis of
variance) or a non-parametric equivalent of thest;tA Mann-Whitney U-test. If the
data does not have normal distribution, the ANOWWalgsis must be abandoned.
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6. The Results and their treatment

Before any analysis could be performed, the dathetest subjects was examined and
all the false hits (outliers) had to be removedrirthe data to prevent them from
affecting the actual results. There were essewtimiir fundamental factors, which

contributed to the false hits.

1) The first problem is related to test subjectt tiave a high FO. The weakness of the
LPC algorithm and the all-pole-model is the enedgpendence on the maxima in the
spectral envelope and the exceeding difficulty oédicting the actual formants
correctly instead of predicting the strong multgplef FO (harmonics) (Alku and
Backstrom 2004: 95). In many cases, the femaleeggiroduced false hits in the /i/, /e/
and /ae/ regions due to the fact that the multipfetheir FO were stronger than their
actual formants. This was apparent especially éndase of the F2 values when the
value was predicted incorrectly due to a strongtiplel of FO (harmonic) slightly above
2000 Hz.

2) The second problem is the phenomenon known agimge The first two maxima in
the spectral envelope are so close to one anditaeihe Vowel Game perceives them
as one and again selects the next visible maximdmnch is F3, and interprets it as F2.

Again this leads to a false hit (Paganus et al62@00).

3) The third problem is related to the occasionkdly amplitude of F2. The amplitude

of the second maximum in the spectral envelope awgsionally be so low that the

program does not interpret is as a maximum aneaasselects the third maximum as
the second (Paganus 2007: 58).

4) The fourth problem is related to noise. The pptione is able to detect the slightest
interferences in the room caused by ventilatiomcessor noise or other sources and
consecutively plots the interferences in the diages vowel hits. This occurs even in
the case, when the Microphone level in the Windo#ssystem has been set at mid
level. This is a phenomenon, which requires furtthevelopment and attention in the

future versions of The Vowel Game.
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Table 2 The Vowel Game's output in text form

Month:Day:Time: Year: Text: F1(Hz):F2(Hz): Dist:(Hz)
Mon |Jan| 21| 10:40:17|EET | 2008/START TEST Test subject 8 0 0| 1014
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 312| 1031U 63
Mon |Jan| 21| 10:40:18|EET | 2008/START_TEST_Test_subject_8| 312| 2250| 1281
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 312| 812U 157
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 312| 937U 34
Mon |Jan| 21| 10:40:18|EET | 2008/START_TEST_Test_subject 8| 312 906/U 64
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 312| 906U 64
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 281] 937U 37
Mon |Jan| 21| 10:40:18|EET | 2008/START_TEST_Test_subject 8| 281 937|U 37
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 281 906U 65
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 281| 906U 65
Mon |Jan| 21| 10:40:18|EET | 2008/START_TEST_Test_subject 8| 281 906/U 65
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 250, 875U 106
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 250, 781U 194
Mon |Jan| 21| 10:40:20[EET | 2008|START_TEST_Test_subject_8 0 O 1014

Test subject 8. pronounces /at 10:40:18 on the 2Wanuary 2008 in the start test. The
pronunciation at 10:49:18 has produced 13 samplesfh text file meaning that the
vowel’'s duration was 13 * 32ms = 416ms. The fieiple appears on the second row
in Table 2. On the third row appears the secondpkgnwhere the F2 value has
suddenly increased from the average value of 10@6tdd 2250 Hz. This is a
phenomenon where The Vowel Game has either integbréhe third peak in the
spectral envelope as F2 or where the LPC algorhias favoured a multiple of FO at
2250 Hz over the correct F2. Therefore, we haveived a batch of hits, where the rest
are in the /U/-region and one is in the /i/-regidio. prevent this one false hit from
having an effect on the standard deviation of tAev&lues, the false hit was removed.
Also, the Euclidean distance of the false hit wa811Hz from the center of the target
area. In the test data, all the hits that had aglidlean distance of over 1000 Hz were
eliminated from the results. This was to preveset 4hlisted problems from having an
effect on the results. The false hits or outlieeyevlocated primarily in the /i/, /e/ or
/ae/-categories, due to the fact that the F2 paakbeen selected incorrectly from the

spectral envelope.

The false hit on the third row has been removenhfiloe data as illustrated in Table 3.
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Table 3 The exclusion of a false hit

Month:Day:Time: Year: Text: F1(Hz):F2(Hz): Dist:(Hz)
Mon |Jan| 21| 10:40:17|EET | 2008/START TEST Test subject 8 0 0| 1014
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 312| 1031U 63
Mon |[Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject_8
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 312| 812U 157
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 312| 937U 34
Mon |Jan| 21| 10:40:18|EET | 2008/START_TEST_Test_subject 8| 312 906/U 64
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 312| 906U 64
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 281] 937U 37
Mon |Jan| 21| 10:40:18|EET | 2008/START_TEST_Test_subject 8| 281 937|U 37
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 281 906U 65
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 281| 906U 65
Mon |Jan| 21| 10:40:18|EET | 2008/START_TEST_Test_subject 8| 281 906/U 65
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 250, 875U 106
Mon |Jan| 21| 10:40:18[EET | 2008/START_TEST_Test_subject 8| 250, 781U 194
Mon |Jan| 21| 10:40:20[EET | 2008|START_TEST_Test_subject_8 0 O 1014

In some cases there were more than one false laitbatch of hits, which had to be
removed. This was probably an effect of the mergihdghe first to maxima in the
spectral envelope. In such a case, The Vowel Gafsely interprets the third peak as
the second. In unclear cases, the video mix of Vdwel Game’s vowel diagram and
the test subject was examined to verify that altitis in a batch were authentic hits and
not caused by noise or other interferences. In dostances a hit had to excluded from
the results altogether. This was due to the fireblem related to the weakness of the
LPC algorithm and its tendency to favour high-egerggions of the signal spectrum
(e.g. the multiples of a high FO) as stated by Baaku and Tom Backstrom (2004:

95). An example of this phenomenon appears in Téble

Table 4 The exclusion of an entire hit

Month:Day:Time: Year: Text: F1(Hz):F2(Hz):  Dist:(Hz)
Mon |Jan| 7| 13:03:33|EET | 2008|START TEST Test Subject.7 0 Ol 1014
Mon |Jan| 7| 13:03:33[EET | 2008/START_TEST_Test_Subject.7 0 Ol 1014
Mon |Jan| 7| 13:03:33[EET | 2008/START_TEST_Test_Subject.7| 343 2562 1593
Mon |Jan| 7| 13:03:33[EET | 2008/START_TEST_Test_Subject.7| 406 2562|1596
Mon [Jan| 7| 13:03:33|EET | 2008|START_TEST_Test_Subject.7| 406| 2593|1627
Mon |Jan| 7| 13:03:33[EET | 2008/START_TEST_Test_Subject.7| 375 2250 1283
Mon |Jan| 7| 13:03:33[EET | 2008/START_TEST_Test_Subject.7| 375 2531 1563
Mon [Jan| 7| 13:03:33|EET | 2008START_TEST_Test_Subject.7| 375| 2375 1407
Mon |Jan| 7| 13:03:33[EET | 2008/START_TEST_Test_Subject.7| 281 2156 1187
Mon |Jan| 7| 13:03:33[EET | 2008/START_TEST_Test_Subject.7| 375 2468 1500
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In Table 4 test subject 7. imitated the sustaingevdwel in the start test on thd"7
January 2008 at 13:03:33. When the video of thiiquaar imitation was examined, it

was clear that the female test subject had proremug. However, when the hit is

examined in Table 4, all the hits are at a distasfcever 1000 Hz from the reference
point and they appear to be in the /i/ and /e/emg)i Also, all the F2-values are well
over 2000 Hz. This is an indication that the LPGoathm has favoured a multiple of
the female test subject’s FO instead of the corF&ctAlternatively, F1 and F2 have
emerged in the spectral envelope and the prograrinterpreted F3 as F2. In either
case, this hit and all other hits alike had to h&weled from the analyses.

After removing the false hits from the batches, &élverage values for F1, F2 and the

Euclidean distance from the center of the targea avere calculated for each batch of

hits. Therefore, when a subject imitated teéviowel 10 times, he/she produced 10
batches of hits. The average values for F1, F2 tlwed Euclidean distance were
calculated for each of these batches, thus fornaingroup of 10 averages. In the
example in Table 3, the average values for F1, i tae Euclidean distance were

calculated as shown in Table 5 according to Eqoatiy, 48 and 49.

Table 5 The average F1, F2 and the Euclidean distangalues of a sustained vowel
F1(Hz):F2:Hz) Eucl.Dist.(Hz)

o 0 1014 F1(Hz) | F2(Hz) |Eucl.Dist.(Hz)

312 1031 63U Aveg. 288,75 903,3333 79,25

StDev 23,36713| 63,13382 49,43706

312] 812 157 CoV 0,080925  0,06989 0,623811

312 937 34

312 906 64

312| 906 64

281 937 37

281 937 37

281 906 65

281 906 65

281 906 65

250 875 106

c|cicjicjicjic|jcic|c|c|c

250 781 194

0 0 1014
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The 10 averages for the 1&/{imitations and the 1Ch&s/-imitations were grouped in

single tables to observe how the CoVs have chabgegleen the start test and the end
test. These tables can be observed in Chapter We5Ahalysis of the coefficients of

variance.
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6.1 The Test results of the treatment group

The test data of the treatment group regardingptibaunciation of the 10 individual

la/-vowels appears in Appendix A. The first 4 columiisplay the 10 individual
average hits in the start test, the following 4ucmhs display the average hits in tH 4

exercise and the last 4 columns display the cooredipg average hits in the end test.

The data regarding the treatment group’s pronuieciadf the 10 individual vowels in
the hus/-words appears in Appendix B. The first 4 colundnsplay the 10 individual

average hits in the start test, the following 4ucwhs display the average hits in tH2 4
exercise and the last 4 columns display the cooredipg average hits in the end test.

The visualization of the sustained/-hits appear in Appendix E in the form of 30

diagrams. There are 3 diagrams for each of theed0subjects: the start test diagram,

the 4" exercise diagram and the end test diagram. Thia@0-imitation diagrams of

the treatment group appear in Appendix F.
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6.2 The Results of the control group

The reference data of the control group regardiegoronunciation of the 10 individual

la/-vowels appears in Appendix C. The first 4 coluntdisplay the 10 individual
average hits in the start test, the following 4ucmhs display the average hits in tH 4

exercise and the last 4 columns display the cooredipg average hits in the end test.

The data regarding the control group’s pronuncratbthe 10 individual vowels in the
/has/-words appears in Appendix D. The first 4 coluntisplay the 10 individual

average hits in the start test, the following 4ucwhs display the average hits in tH 4
exercise and the last 4 columns display the cooredipg average hits in the end test.

The visualization of the sustained/-hits appear in Appendix G in the form of 30
diagrams. There are three diagrams for each ofiléheeference/control subjects: the

start test diagram, thé"4xercise diagram and the end test diagram. Thia@Pams of

the hus/-imitations of the control group appear in Appenki
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7. The Analysis of the results

The test subjects were selected randomly when fayithie groups. Before the start test,
the subjects were requested to fill in a form ie kboratory regarding their name, age
and school background. (The form is presentedsioriginal Finnish form in Appendix
). Each of the 4 visits to the testing laboratargs also marked in the form to keep
track of the progress of the tests. It was veribetbrehand that all the test subjects had
normal hearing, speech production and vision aadl tthey had no Swedish-speaking
background other than that learned at school. Tihe @her factor that was monitored
in the selection was that the number of males anthfes was kept constant in both
groups (4 females and 6 males). This particulao m@as formed due to the fact that 12
males and 8 females enrolled for the tests. Othhese 20 people, 2 never took part in
the test and replacement test subjects were thieregoruited to fill in the gaps. In one
case, the test was performed incorrectly and acephent test subject was brought in.
In another case it was revealed that one test ciLifigel a Swedish-speaking background

after all and a replacement test subject had tartweght in as well.

The reason for selecting both male and female qyaatits in both groups, despite the
known difference in the formant values betweensiivees, came out of necessity due to
the limitation set by the number of individuals senting to take part in the tests. A rule
of using only males or only females would have tcaly decreased the sizes of the

groups.
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7.1 The General background of the subjects

The test subjects were all between 19 and 30 ydaage, with the average age being
22,35 years.

Table 6 The average age of the test subjects

Age (in years):
Average age: 22,35
Average treatment subject's age: 21,9
Average control subject's age: 22,8
Average Male subject's age: 22,8
Average Female subject's age: 21,6
Average treatment subject's age (Male): 22,8
Average treatment subject's age (Female): 20,5
Average control subject's age (Male): 22,8
Average control subject's age (Female): 22,75

The level of the test subjects’ school backgroweghrding Swedish was also inquired,
but only after the tests. This was to ensure that test subjects would not feel

uncomfortable about revealing their school grade®re the tests. The goal was to
make the test situations as relaxed and stresafg@ossible to ensure that any tension

would not interfere with the results (Eriksson 2029).
Table 7 illustrates the time period between thé semjects’ graduation from high

school and their participation in the tests. Thifoimation was not applied in the

analysis of the results.

Table 7 The years since graduation from high school

Years since

graduation:
All 3,2
Treatment 2,8
Control 3,6

Tables 8 and 9 illustrate the subjects’ school gradluation grades regarding Swedish.
The differences here are arbitrary and their effectthe results can be deemed
negligible. Table 10 illustrates the geographicadtribution of the test subjects’

graduation cities across the two groups. This madron simply informs us where the
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test subjects learned their school Swedish. Thernmition was not applied to the

analysis of the results.

Table 8 The test subjects' Swedish graduation grade

Treatment group:|Control Group:| Total:
B Swedish 10 8 18
A Swedish 0 2 2
20
Swedish Grad. Grade|Treatment group:|Control Group:| Total:
L 1 1 2
E 1 1 2
M 4 1 5
C 2 2 4
B 2 3 5
A

Table 9 The test subjects' average Swedish grades

Aveg. Mean
grade of
Swedish
COUrSes: StDev: CoV
Treatment 7,95 1,257201478| 0,158139
Control 7,28 1,845595357| 0,253516
All 7,615 1,57489348| 0,206815

Table 10 The geographical location of the test subgts' graduation

Grad_uation All Treatment Control

City: ) group: group:
Turku 5 2 3
Salo 3 2 1
Loimaa 2 2 -
Tampere 2 1 1
Forssa 1 - 1
Halikko 1 - 1
Helsinki 1 1 -
Kotka 1 - 1
Kuortane 1 1 -
Raisio 1 - 1
Rauma 1 - 1
Vaasa 1 1 -
Total: 20 10 10
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7.2 The Kolmogorov-Smirnov analysis

The data of the treatment group and the contraigmere analysed using a statistics
software, SPSS (version 16). The software is aviglat www.spss.com (SPSS Inc.
2008). The first procedure was to determine if ta#a of the groups had normal
distribution. This is crucial in defining which dpsis method should be used. The data
of the groups was analysed using the Kolmogorova$mai test (Nummenmaa 2004:
143). The result was that the data did not havenabdistribution except in three cases.

The data of the treatment group and the contralgregarding the F1 and F2 values in
the start test of then&s/-imitations had normal distribution and also tHeRlues for

the huas/-imitations in the end had normal distribution.dlh the other cases, the data

did not have normal distribution, thus leading @ tabandonment of the ANOVA
analysis and to selection of the Mann-Whitney {@immenmaa 2004: 250). The
Mann-Whitney analysis showed that there was assitzlly significant difference

between the treatment group and the control groughe end test regarding the

sustainedd/-imitations and thehuas/-imitations.

Table 11 The Kolmogorov-Smirnov analysis of the teéslata from SPSS (Version 16)

Test Statistics

U U HUs HUs
U U U U HUs HUs HUs HUs
START [START START END | END END START |START START END | END END
E1 E2 Eucl. F1 E2 Eucl. E1 E2 Eucl. F1 E2 Eucl.
Dist Dist Dist Dist
N 194 194 194 200 200 200 194 194 194 200 200 200

Normal

Mean 325,13 | 1138 |250,28|330,73 | 1109,7 | 207,32 | 342,84 | 1202,4 | 271,76 | 340,69 | 1220 278,218
Parametersa

Std. Deviation | 53,913 | 264,11 | 221,97 | 58,777 | 180,27 | 147,68 | 50,771 | 190,76 | 166,98 | 52,561 | 187,07 | 174,13496

Most
Extreme Absolute 0,153210,1744|0,1814 | 0,1482 | 0,1054 | 0,1562 | 0,0834 | 0,0826 | 0,109 | 0,0953|0,1047 | 0,1218249
Differences

Positive 0,1532|0,1744 | 0,1814 | 0,1482 | 0,1054 | 0,1562 | 0,0834 | 0,0826 | 0,109 |0,0953|0,1047 | 0,1218249
Negative -0,082 | -0,089 | -0,158 | -0,085 | -0,043 | -0,12 | -0,045 | -0,044 | -0,086 | -0,066 | -0,063 | -0,0992288

Kolmogorov-
Smirnov Z
Asymp. Sig.
(2-tailed)
a. Test
distribution is
Normal.

2,1337 (2,4291|2,5265 | 2,0952 | 1,4913 | 2,2085 | 1,1621 | 1,1501 | 1,5176 | 1,3484 | 1,4812 | 1,7228641

0,0002 | 1E-05 | 6E-06 | 0,0003 | 0,0234 | 0,0001 | 0,1342|0,1419| 0,02 |0,0527 |0,0248 | 0,0052824

As it can be seen in Table 11, there is a stadifisignificant difference between the
data and normal distribution in nine of the twepagameters. The p-value (Asymp. Sig.

(2-tailed) is smaller than 5% with:
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/Ul START F1

/Ul START F2

/U/ START Eucl. Dist.
/Ul END F1

/Ul END F2

/Ul Eucl. Dist.

/hUs/ START Eucl. Dist
/hUs/ END F2

/hUs/ END Eucl. Dist

This means that an ANOVA analysis (or a t-test)hcaiibe used and that an alternative

statistical method must be used instead. A Manntvéki U-test was used, which is the

non-parametric equivalent of the t-test.
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7.3 The Mann-Whitney U-test

The data had to be analysed using a non-paranegfuivalent of the t-test, the Mann-
Whitney U-test to see is there was a statisticalgnificant difference between the
groups in the start test and in the end test. Tadysis was performed with SPSS
(version 16).

Table 12 The Mean Rank result of the Mann-Whitney test from SPSS (Version 16)

Ranks

TestRef N Mean Rank | Sum of Ranks

U START F1 1 96 106,05 10180,50
2 98 89,13 8734,50|
Total 194

U START F2 1 96 100,61 9658,50
2 98 94,45 9256,50|
Total 194

U START Eucl. Dist. 1 96 92,98 8926,00
2 98 101,93 9989,00|
Total 194

UEND F1 1 100 99,18 9918,50
2 100 101,82 10181,50|
Total 200

U END F2 1 100 90,09 9009,00
2 100 110,91 11091,00|
Total 200

U END Eucl. Dist 1 100 89,39 8939,00
2 100 111,61 11161,00|
Total 200

hUs START F1 1 99 94,45 9350,50
2 95 100,68 9564,50|
Total 194

hUs START F2 1 99 99,78 9878,50
2 95 95,12 9036,50|
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Total 194

hUs START Eucl. Dist. 1 99 96,16 9519,50
2 95 98,90 9395,50
Total 194

hUs END F1 1 100 92,32 9232,50
2 100 108,68 10867,50|
Total 200

hUs END F2 1 100 90,01 9001,00
2 100 110,99 11099,00|
Total 200

hUs END Eucl. Dist. 1 100 89,00 8900,00
2 100 112,00 11200,00|
Total 200

Table 13 The Mann-Whitney U-test from SPSS (Versiot6)

Test Statistics

V] u hUs hUs
U u U V] hUs hUs hUs hUs
START END START END
START | START END END START | START END END
Eucl. Eucl. Eucl. Eucl
F1 F2 X F1 F2 X F1 F2 " F1 F2 .
Dist Dist Diist Dist

Mann-Whitney U|3883,5|4405,5| 4270 |4868,5| 3959 | 3889 |4400,5|4476,5(4569,5|4182,5| 3951 | 3850

Wilcoxon W |8734,5(9256,5| 8926 |9918,5| 9009 | 8939 |9350,5|9036,5|9519,5|9232,5| 9001 | 8900

z -2,1 |-0,763| -1,11 |-0,321(-2,544|-2,715|-0,773|-0,578| -0,34 |-1,998|-2,563| -2,81

Asyn:gi.lesai)g. @ 0,0357|0,4452| 0,267 | 0,748 | 0,011 |0,0066|0,4398(0,5632|0,7337|0,0458|0,0104| 0,005

a. Grouping
Variable:
Treatment/
Control

As it can be seen in Table 13, there is a staibfisignificant difference between the
groups in 6 cases, 5 of which are end test sitnstidsymp. Sig (2-tailed) is denoted in

the text as p.

E.g. In the start test, there is a statisticallyngicant difference between the groups
regarding the sustained/fimitations with regard to F1, but there is nofeliénce

between the groups in the end. In Table 12 it carsdéen that in the start test the
treatment group’s mean rank is higher (106,05) tharcontrol group’s (89,13), but the
situation is reversed in the end test (Treatmenugs Mean rank = 99,18, control
group’s Mean rank = 101,82). This means that instagt test the treatment group’s
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values for F1 were generally higher than thosenefdontrol group’s, but the situation

was reversed in the end.

In the start test, there is no statistically sigaiht difference between the groups

regarding the sustained//imitations with regard to F2 (p = 0,4452), bueté is a

difference between the groups in the end (p = 0,0lHe treatment group’s mean rank
is lower in the end than that of the control grausee Table 12). This means that the
treatment group’s values for this parameter (F2evgenerally smaller in the end than

those of the control group’s.

In the start test, there is no statistically sigaiht difference between the groups

regarding the sustained/fimitations with regard to the Euclidean distafge= 0,267),
but there is a difference between the groups ineti@ (p = 0,0066). The treatment
group’s mean rank is lower in the end than thathefcontrol group’s (see Table 12).
This means that the treatment group’s values figrghrameter were generally smaller
in the end than those of the control group’s. Morportantly it means that the
treatment group’sd/-hits were closer to the reference point in the &st than those of

the control group.

In the start test, there is no statistically sigaiht difference between the groups

regarding thehus/-imitations with regard to F1 (p = 0,4398), buérth is a difference

between the groups in the end (p = 0,0458). Tradrtrent group’s mean rank is lower
in the end than that of the control group’s (sebl@d2). This means that the treatment
group’s values for this parameter were generallglemin the end than those of the

control group’s.

In the start test, there is no statistically sigaiht difference between the groups

regarding thehus/-imitations with regard to F2 (p = 0,5632), buérth is a difference

between the groups in the end (p = 0,0104). Thartrent group’s mean rank is lower
in the end than that of the control group’s (sebl@d2). This means that the treatment
group’s values for this parameter were generallglemin the end than those of the

control group’s.
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In the start test, there is no statistically sigaiht difference between the groups

regarding thehus/-imitations with regard to the Euclidean distarfjpe= 0,7337), but

there is a difference between the groups in the(pnel 0,005). The treatment group’s
mean rank is lower in the end than that of the robrgroup’s (see Table 12). This
means that the treatment group’s values for thiarmpater were generally smaller in the
end than those of the control group’s. More imputfyait means that the treatment
group’s hus/-hits were again closer to the reference poirthenend test than those of

the control group.

All this shows that there is a statistically sigrait difference between the groups in
the end when there was virtually none in the begmnThis means that either group
has benefited from the tests. The next step isxamee the data more closely to

determine which group fared better.
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7.4. The Wilcoxon signed ranks test within the trea  tment and

control groups

Before the analysis of the coefficients of varignte Wilcoxon signed ranks test was
performed on both groups separately to see if theme a statistically significant
difference within the groups between the start aest the end test (Nummenmaa 2004:
253). The analysis was performed with SPSS (vers&n

Table 14 The Wilcoxon test: Euclidean distance: Trament group: start test and end test

Test Statistics

la/ /hys/

The Euclidean

distance in the

start test and in
the end test

The Euclidean

distance in the

start test and in
the end test

z

-1,304588959

-0,93889

Asymp. Sig. (2-tailed) 0,19203285 0,347788
a. Based on positive ranks.
b. Based on negative ranks.

c. Wilcoxon Signed Ranks Test

Table 15 The Wilcoxon test: Euclidean distance: Cdrol group: start test and end test

Test Statistics

[a/ /hus/

The Euclidean
distance in the
start test and in

The Euclidean
distance in the
start test and in

the end test the end test

Z -1,247340078
Asymp. Sig. (2-tailed) 0,212272828
a. Based on positive ranks.
b. Based on negative ranks.
c. Wilcoxon Signed Ranks Test

-1,10242
0,270278

As Table 14 shows, p is well over 0,05 with botb #-vowel and theHus/-word of

the treatment group (tr = treatmentp, , = 0192 and p, ,,, = 0,347). This shows that

within the treatment group there was no statidficsipnificant difference between the

Euclidean distance values in the end test andestidwt test.
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The same test was performed on the control groapthe results, which appear in

Table 15, illustrated the same outcome (cont = robntp,,,, =0212 and
Peontnus = 0:270). With the control group, there was no statisticasignificant
difference between the Euclidean distance valu#iserend test and in the start test

Table 16 The Wilcoxon test: Treatment group: F1 and-2

Test Statistics

la/ la/ /hys/ /hys/
F1 in the start | F2 in the start | F1 in the start | F2 in the start
test and in the |test and in the [test and in the |test and in the

end test end test end test end test
Z -1,74252 -0,40928 -0,64222 -0,80626
Asymp. Sig. (2-tailed) 0,081417 0,682332 0,520733 0,420095

a. Based on positive ranks.
b. Based on negative ranks.

c. Wilcoxon Signed Ranks
Test

Table 17 The Wilcoxon test: Control group: F1 and F2

Test Statistics

la/ la/ /hus/ /hus/
F1 in the start | F2 in the start | F1 in the start | F2 in the start
test and in the |test and in the [test and in the |test and in the

end test end test end test end test
Z -3,60922 -0,16012 -0,09651 -1,40308
Asymp. Sig. (2-tailed) 0,000307 0,872785 0,923117 0,160592

a. Based on positive ranks.

b. Based on negative ranks.

c¢. Wilcoxon Signed Ranks
Test

Table 16 illustrates that there is no statisticailynificant difference between the start
test and the end test within the treatment group wagard to F1 and F2. The result

applies for both the sustainedw/Aowel (tr = treatment, p, ., =0081
andp, n.r> = 0,682) and the us/-word (p, s, = 0521 andp, ¢, = 0420). The

p-values are well over 0,05.
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Table 17 illustrates that there is a statisticaibnificant difference in the control group
between the start test and the end test with ret@ardne parameter: F1 for//

Peoniu.F1 = 0,000307. With F2 for &/ and with F1 and F2 forhés/ there is no

statistically significant difference between therstand the end (cont = control,

Peoniu r2 = 0,873) and (cont = controlp,,,usr: = 0,923 and p.,, s> = 0161). This

is examined more closely in Chapter 7.6.
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7.5 The Analysis of the coefficients of variance

The hypothesis was that the treatment group’s Cfo¥she F1, F2 and the Euclidean
distance would be smaller in the end test when ewetpto the corresponding values
from the start test. The hypothesis also stated ttiea treatment group’s CoV-values
would have decreased in a greater number of cases eompared to the corresponding
performance of the control group.

When observing the diagrams of the treatment gnoemnbers’ average hits of the

sustainedd/-imitations in Appendix E, it can be seen that st@ndard deviation has

clearly decreased in 8 cases. In these cases,rthup @f 10 average points in the

diagrams is visibly tighter in the end test whempared to the start situation. When

examining the Huas/-imitations, the number is only 5 (see Appendix Fyhen

observing the control group’st/fimitations, it can be seen that the deviationthd
average hits has decreased in only 6 cases (se8ppG). The corresponding number

with the hus/-imitations is only 4 (see Appendix H).
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Table 18 Treatment group: CoVs of the#/-imitations (subjects 1-10)

START

CoV

4th EX.

CoV

END

CoV

U/ F1

F2

Eucl. Dist.

u/ F1

F2

Eucl. Dist.

U/

F1

F2

Eucl. Dist.

0,20619
0,03108
0,13869
0,08098
0,0849

0,12259
0,1491

0,03295
0,06841
0,09385

© 00 NO OB~ WDN P

=
o

0,20236
0,10042
0,203
0,0506
0,0513
0,10491
0,10173
0,05244
0,06502
0,07788

0,41304
0,2964
0,76975
0,37406
0,44021
0,29985
0,71669
0,36592
0,4557
0,31778

© 00N O WNBRE

0,0276

=
o

0,03648
0,02591
0,03353
0,04067
0,05494
0,04317
0,09118
0,01664

0,04995

0,08491
0,10076
0,05766
0,05766
0,02426
0,02921
0,07491
0,04643
0,04572
0,03532

0,24354
0,62934
0,453
0,23628
0,22407
0,07673
0,34235
0,42575
0,24582
0,23603

© 00 N OB~ WNDNPRP

[any
o

0,03102
0,02031
0,03595
0,03131
0,03917
0,07226
0,11204
0,03579
0,01965
0,04329

0,07954
0,06194
0,09865
0,0674
0,04525
0,0441
0,05549
0,06652
0,06452
0,03167

0,17081
0,38229
0,32954
0,41224
0,37768
0,11896
0,33737
0,53248
0,54431
0,17867

0,10087
0,05432
0,53852

Aveg:
StDev:
CoV:

0,10097
0,05763
0,5708

0,44494
0,16702
0,37537

Aveg:
StDev:

CoV:

0,04201
0,02072
0,49327

0,05568
0,02484
0,44604

0,31129
0,15567
0,50007

Aveg:
StDev:
CoV:

0,04408
0,02802
0,63579

0,06151
0,01906
0,30981

0,33844
0,14561
0,43025

Table 19 Treatment group: Average values of thed/-imitations (subjects 1-10)

U/

START

U/

END

Test. Subj.

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

Test. Subj.

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

OO ~NOOUDAWNLPE

=
o

349,2972
283,2352
296,135
360,4722
297,3611
417,9714
359,0938
307,4144
303,1182
367,3212

1654,234
1359,643
913,0117
997,661
1047,407
1135,942
1121,75
1013,889
954,9028
1188,21

709,3417
402,3571
157,9517
92,93407
93,68519
256,916
247,9375
75,95433
77,49744
280,4358

OO NS, WNLPE

=
o

389,0649
289,0174
284,4459
298,5834
296,1459
446,8379
368,6167
301,4863
271,8997
333,1116

828,1892
1153,897
969,604
982,8486
1072,979
1478,418
1115,705
1063,739
999,7639
1121,979

196,8105
185,931
111,2623
90,06393
115,6882
533,8124
184,0631
121,224
111,537
173,7044

Aveqg:
StDev
CoV

334,142
43,12706
0,129068

1138,665
222,5754
0,19547

239,5011
197,6837
0,825398

Aveqg:
StDev
CoV

327,921
56,44465
0,172129

1078,712
169,6416
0,157263

182,4097
129,3532
0,709136

When examining the treatment group’s CoVs for lehrfithe sustainedi/-imitations, it
can be seen in Table 18 that within the treatmemtg the CoV value is smaller in the
end test with 9 test subjects out of 10 (90%) wbempared to the start test. With F2,
the CoV value is smaller in the end in 8 cases (80Phe CoV for the Euclidean
distances in the case of the sustainrgdmitations was smaller in the end in 6 cases
(60%). Between the start test and tfeegercise, the CoV for the F1 value is smaller in

the 4" exercise in 10 cases (100%) and with F2 the Cd\Mevis smaller 8 cases (80%).

Here it is important to note that the actual aver&giclidean distance of th&//

imitations had grown smaller in the end test witie€ subjects (see Table 19).
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Table 20 Treatment group: CoVs of the Was/-imitations (subjects 1-10)

CoV
F2

CoV
F2

CoV
F2

START:
U/

4th EX.
U/

END

F1 Eucl. Dist. F1 Eucl. Dist.

\
c
=

F1 Eucl. Dist.

0,03244
0,01969
0,03828
0,06638
0,16973
0,04955
0,07271
0,06258
0,06202
0,06334

0,05475
0,14856
0,06297
0,05554
0,08297
0,07652
0,05032
0,07649
0,05899
0,04893

0,20423
0,55241
0,439
0,25274
0,74625
0,19086
0,18534
0,474
0,23583
0,17416

0,03808
0,02333
0,03389
0,03477
0,04895
0,0461

0,10756
0,04042
0,06577
0,05778

0,05763
0,08959
0,04653

0,0515
0,03959
0,02993
0,05219
0,06188
0,03071
0,03689

0,19926
0,4017
0,29072
0,29472
0,23574
0,0779
0,18963
0,37878
0,18657
0,15344

0,06453
0,03084
0,0897
0,04351
0,05611
0,03964
0,09412
0,05044
0,0391
0,05147

0,09195
0,04675
0,15847
0,09371
0,03133
0,04026
0,05706
0,04009
0,06661
0,02808

0,29704
0,21006
0,78298
0,55364
0,20453
0,10156
0,22792
0,27405
0,37133

0,1115

© O ~NO 0N WN R
© O ~NOOOA®WN R
© 0N UAWN R

=
o
=
o
iy
o

0,06367
0,04095
0,64321

0,0716
0,02952
0,41226

0,34548
0,19669
0,56932

0,04966
0,02374
0,47806

0,04964
0,01776
0,35785

0,24084
0,101
0,41935

0,05595
0,02123
0,37943

0,06543
0,04002
0,61161

0,31346
0,21052
0,67161

Aveg:
StDev:
CoV:

Aveg:
StDev:
CoV:

Aveg:
StDev:
CoV:

Table 21 Treatment group: Average values of thehits/-imitations (subjects 1-10)

/hUs/

START

/hUs/

END

Test. Subj.

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

Test. Subj.

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

OO ~NOOUDA,WNLPE

=
o

375,3269
284,1898
312,93
360,9301
283,0852
418,6565
322,4767
331,6471
340,4366
342,9369

1154,393
1299,493
1093,947
1217,609
1039,474
1311,244
1315,987
1126,653
1098,891
1309,227

246,261
339,0666
135,8527
260,2899
105,3648
405,1198
355,9567
171,7794
160,8225
347,3216

OO0 ~NOOUA,WNLPE

=
o

398,3889
286,5977
315,3617
332,331
297,9617
420,9601
334,2119
306,5994
277,5422
355,5684

1101,95
1052,167
1204,117
1123,524
1133,627
1511,326
1272,811
1099,275
1103,157

1250,24

223,6208
120,7249
240,3859
176,7554
168,2555
562,8936
317,0248
143,8248
160,6491
291,7595

Aveqg:
StDev
CoV

337,2616
41,1912
0,122134

1196,692
106,7484
0,089203

252,7835
105,8068
0,418567

Aveqg:
StDev
CoV

332,5523
47,12448
0,141705

1185,219
134,9188
0,113834

240,5894
129,9816
0,540263

When examining the treatment group’s CoVs for lehifithe has/-imitations, it can be
seen in Table 20 that within the treatment grotp, €oV value is smaller in the end
test in only 6 cases (60%) when compared to the t&st. With F2, the CoV value is
smaller in the end in only 5 cases (50%). The CoWtlie Euclidean distances in the
case of thehus/-imitations was smaller in the end in 5 cases (bMBétween the start
test and theexercise, the CoV for the F1 value is smallehim4" exercise in 6 cases
(60%) and with F2 the CoV value is smaller 8 cgd86886). Here it is important to note
that the actual average Euclidean distance oftthe//imitations had grown smaller in

the end test with 7 test subjects (see Table 21).
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Table 22 Control group: CoVs of the #/-imitations (subjects 11-20)

START: CoV 4th Ex. CoV END CoV
U/ F1 F2 Eucl. Dist. | /U/ F1 F2 Eucl. Dist. | /U/ F1 F2 Eucl. Dist.
11 |0,05998 |0,04133| 0,10169 | 11 | 0,0377 |0,09417| 0,30043 | 11 |0,03662|0,10277| 0,35
12 |0,04194| 0,1106 | 0,78285 | 12 |0,03754|0,10632| 0,36743 | 12 |0,03772|0,08154 | 0,49427
13 |0,10528 | 0,0528 | 0,33433 | 13 |0,06597|0,08829| 0,37229 | 13 |0,11948]|0,08554 | 0,40058
14 |0,03765|0,17126 | 0,76682 | 14 |0,03544|0,12902| 0,34061 | 14 |0,05461|0,13129| 0,45051
15 |0,02115|0,30138 | 0,79942 | 15 |0,06833|0,06551| 0,31651 | 15 |0,07493|0,07545| 0,45341
16 |0,04099 [0,09103 | 0,48417 | 16 |0,04204|0,10021| 0,51459 | 16 |0,03436|0,04166| 0,37696
17 |0,03255|0,07833| 0,3273 17 |0,03302|0,20483| 0,99397 | 17 | 0,0659 |0,16673| 0,66218
18 | 0,1627 |0,08814| 0,20658 | 18 |0,17858|0,20705| 0,59727 | 18 |0,19425]0,15338| 0,43972
19 |0,12886 |0,14405| 0,50449 | 19 | 0,0399 | 0,0455 | 0,16649 | 19 |0,05756|0,06194 | 0,24473
20 |0,03711]0,11291| 0,65944 | 20 |0,05835|0,05511| 0,28882 | 20 |0,03446|0,03336| 0,17877
Aveg: | 0,06682 | 0,11918 | 0,49671 |Aveg:|0,05969 | 0,1096 | 0,42584 |Aveg:|0,07099 |0,09337 | 0,40511
StDev: | 0,04813 | 0,07493 | 0,25132 |StDev:| 0,04375|0,05652 | 0,23269 |StDev:| 0,05055 |0,04509 | 0,13351
CoV: |0,72024|0,62872| 0,50597 | CoV:| 0,733 |0,51572| 0,54642 | CoV: |0,71207|0,48289| 0,32957
Table 23 Control group: Average values of thed/-imitations (subjects 11-20)
U/ START U/ END
Cont. Subj.| F1 (Hz) | F2 (Hz) |Eucl. (Hz)|Cont. Subj.| F1 (Hz) | F2 (Hz) |Eucl. (Hz)
11 315,6741|1632,954 | 664,4056 11 340,1336|1355,039 | 390,5269
12 274,5583|1045,894 | 162,1967 12 257,1461| 1038,87 | 134,3812
13 383,1139/941,9931|121,1446 13 376,6705|1025,088 | 149,9591
14 264,9169986,8148| 183,9881 14 277,418 |1005,378 | 252,8459
15 329,5903| 1237,14 | 355,7232 15 351,3563|1046,428| 120,1608
16 300,7838|913,6444 | 116,7483 16 286,9626|1032,316 | 76,83642
17 262,9683|1132,318| 205,33 17 285,9072|1108,451 | 237,0922
18 339,9774|1544,783 | 600,2009 18 383,1452|1426,478 | 478,8226
19 390,4838|1020,016 | 181,7941 19 430,8079|1180,369 | 256,4337
20 306,1689|1047,753| 125,3316 20 345,8847|1188,547 | 225,1576
Aveg: |316,8236(1150,331|271,6863 Aveg: |333,5432|1140,696|232,2216
StDev |45,05858|249,6556|202,6117 | StDev |55,49703|147,2695|124,7219
CoV 0,14222 |0,217029 | 0,745756 CoV 0,1663860,129105| 0,537081

When examining the control group’s CoVs for F1 frdme sustainedu/-imitations in
Table 22, it can be seen that within the controlugr the CoV value is smaller in the
end test in only 5 cases (50%). With F2 the CoWeas smaller in the end in only 6
cases (60%). The CoV for the Euclidean distancethéncase of the sustainegl/-/
imitations was smaller in the end in 6 cases (6(B&}ween the start test and tH& 4
exercise, the CoV for the F1 value is smaller i@ #1 exercise in 5 cases (50%) and

with F2 the CoV value is smaller in 5 cases (50Rf@re it is important to note that the

actual average Euclidean distance of therhitations had grown smaller in the end test

with only 5 control subjects (see Table 23).
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Table 24 Control group: CoVs of the hus/-imitations (subjects 11-20)

START CoV 4th Ex. CoV END CoV

U/ F1 F2 Eucl. Dist. | /U/ F1 F2 Eucl. Dist. | /U/ F1 F2 Eucl. Dist.

11 |0,06566 | 0,06189 | 0,20441 11 |0,05706 | 0,07404 | 0,21215 11 |0,05165(0,07115| 0,22404
12 |0,06575|0,06505 | 0,37267 12 |0,05522|0,07532| 0,58538 12 | 0,0619 |0,05571| 0,38286
13 |0,02721|0,09193 | 0,26655 13 |0,11069 | 0,08429 | 0,22156 13 |0,11772|0,11232| 0,31413
14 |0,02445|0,06274| 0,32512 14 |0,09423|0,10973 | 0,36808 14 |0,04799|0,10335| 0,34565
15 |0,03596|0,15777| 0,52567 15 |0,054470,05935| 0,30266 15 |0,04084|0,04104 | 0,21827
16 |0,04243|0,07291| 0,31915 16 |0,05806 |0,13822 | 0,54549 16 |0,04726|0,05256| 0,39968
17 |0,07238|0,16104 | 0,75807 17 |0,05435|0,09352 | 0,47346 17 |0,11566 | 0,1605 | 0,72361
18 |0,14103|0,10735| 0,27523 18 | 0,0903 |0,05543| 0,13277 18 | 0,0531 |0,05799| 0,14827
19 |0,05905|0,03635| 0,08572 19 |0,02445|0,05553 | 0,17041 19 |0,02548|0,04139| 0,1494
20 ]0,04579]0,07436| 0,3281 20 ]0,05832|0,03474| 0,13874 20 |0,07394|0,03998 | 0,14713

Aveg: | 0,05797 | 0,08914 | 0,34607 |Aveg:|0,06572|0,07802| 0,31507 |Aveg:|0,06356 | 0,0736 | 0,3053
StDev: | 0,03362 | 0,04151| 0,1836 |StDev:|0,02516 |0,03013 | 0,16958 |StDev:| 0,0307 |0,03969 | 0,17631
CoV: 10,57991]0,46565| 0,53053 | CoV: |0,38287]0,38619| 0,53821 | CoV:|0,48308|0,53925| 0,5775

Table 25 Control group: Average values of thehists/-imitations (subjects 11-20)

/hUs/ START /hUs/ END
Cont. Subj.| F1 (Hz) | F2 (Hz) |Eucl. (Hz)|Cont. Subj| F1 (Hz) | F2 (Hz) |Eucl. (Hz)
11 383,01391232,739| 304,67 11 350,2864|1397,702| 433,798

12 297,4071|1001,517 | 104,0359 12 289,6581|1064,062| 120,1101
13 414,4087(969,1152| 174,3019 13 386,5383|1395,987 | 450,2083
14 305,335 | 1199,26 | 231,449 14 285,0839|971,8123| 142,8769
15 345,7741|1357,268 | 395,6455 15 384,8755|1147,696 | 203,5475
16 336,0042|933,7787 | 100,3293 16 308,2911|1099,502 | 143,7512
17 270,8944|1213,989| 251,4611 17 307,4079|1234,817 | 273,4688
18 341,8611|1580,704 | 617,2037 18 388,8563|1629,493 | 677,4816
19 447,1939|1485,148| 543,0473 19 446,4269|1266,844 | 337,8102
20 307,3532|1132,822 | 195,0977 20 340,7915|1339,814 | 375,413
Aveq: |344,9246|1210,634|291,7241| Aveq: |348,8216|1254,773|315,8466
StDev |55,322141215,8203|176,4795| StDev |52,53494|194,5287| 176,078
CoV 0,160389| 0,17827 | 0,604953 CoV ]0,150607|0,155031| 0,557479

When examining the control group’s CoVs for F1 frime hus/-imitations, it can be
seen in Table 24 that the CoV value is smallehim eénd test in only 4 cases (40%).
With F2 the CoV value is smaller in the end in &easa (60%). The CoV for the
Euclidean distances in the case of ttws/-imitations was smaller in the end in only 3
cases (30%). Between the start test and thexércise, the CoV for the F1 value is
smaller in the # exercise in 5 cases (50%) and with F2 the CoVevidismaller in 5
cases (50%). Here it is important to note thatatieal average Euclidean distance of
the hus/-imitations had grown smaller in the end test wotily 3 reference subjects
(see Table 25).
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Table 26 Percentage of cases where the CoV was smaih the end test within the group

Treatment F1 F2  |Eucl. Dist
group
U/ 90% 80% 60%
/hUs/ 60% 50% 50%
Control F1 F2  |Eucl. Dist
group
U/ 50% 60% 60%
/hUs/ 40% 60% 30%

As Table 26 illustrates, the treatment group’s deeon in the end test was smaller in a
higher number of cases when compared to the cogtoalp. This would indicate that
the original hypothesis was correct. However, ihalfconclusions can be made from
Tables 28 and 29.

Table 27 Percentage of cases where the Euclideantdisce was smaller in the end test within the
group

Treatment Eucl. Dist
group
J/ 60%
/hUs/ 70%
Control group| Eucl. Dist
J/ 50%
/hUs/ 30%

Table 27 illustrates that a higher number of tremitngroup members were able to
target their hits closer to the reference pointhim end test when compared to the start

test.
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7.6 The Key findings regarding the effects

This chapter draws together the most relevant kelyrfgs regarding the effects of The

Vowel Game’s real-time visual feedback.

Table 28 The averaget/-data of the treatment and control groups

Treatment

U/

START

U/

END

n=96

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

n=100

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

Aveg.
StDev
CoV

333,8474
55,61968
0,166602

1134,598
250,4295
0,220721

235,9501
220,289
0,933626

Aveg.
StDev
CoV

327,921
56,78333
0,173162

1078,712
173,6343
0,160964

182,4097
133,0896
0,729619

Control

U/

START

U/

END

n=98

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

n=100

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

Aveq:
StDev:
CoV:

p

316,599
51,03771
0,161206

0,0357

1141,381

278,1025

0,243654
0,4452

264,3268

223,8393

0,846828
0,267

Aveq:
StDev:
CoV:

p

333,5432

60,86116

0,182469
0,748

1140,696

182,3057

0,15982
0,011

232,2216

157,7047

0,679113
0,0066

Table 28 displays the averages of 100 sustaksennitations of both groups in the start

test and in the end test (notice the few excludetiens in the n-values).

As it can be seen in Table 28, F1 is the only patamwith which there is no
statistically significant difference between thewgps in the end test, though there is a
difference in the start (based on the p-valuesiodtafrom the Mann-Whitney U-test).
With F2 and the Euclidean distance, there is assitally significant difference in the

end.

With /4#/, the average Euclidean distance of the treatmenipgrothe end is 182,41 Hz

(a change of -22,7% from the start) whereas thérabgroup’s distance is 232,22 Hz
(a change of —12,1% from the start), with the défece being 49,81 Hz. The difference
is to the treatment group’s favour (182,41 Hz <,222Hz).

As Table 28 shows, the control group’s F1 valuelaser to the reference point in the

start test, but the situation is reversed in thebtest.

Within the treatment group, the average F1 valieedmanged between the start test and
the end test by -5,93 Hz (-1,8 %). As the Wilcoxest in Chapter 7.4 revealed, there is

86



no statistically significant difference within theeatment group between the start test
and the end test with regard to F1, F2 and thei@®gh distance.

What is noticeable withaf is the change in the treatment group’s F2 valuedeh the

start test and the end test. The treatment graaygsage F2 in the start is 1134,60Hz
and the average F2 in the end is 1078,71 Hz. Tlangsh is -55,89 Hz (—4,9%).

According J.L. Flanagan’s studies in 1955, a peatde or audible change occurs,
when the change in the formant values is over 38849 (Flanagan in Rosner and
Pickering 1994: 55).

Despite the fact that the Wilcoxon-test in Chapfe4 revealed that there is no
statistically significant difference within the &tenent group between the start test and

the end test across all the parameters, therdl ia perceivable change in the treatment

group’s F2 value ford/.

Within the control group withd/, the change between the start test and the end test
with F1 is +16,94 Hz (+5,4%). As the Wilcoxon testChapter 7.4 revealed, there is a
statistically significant difference in the contigroup between the start test and the end
test with regard to F1 irt/. The control group’s F2 value does not changeentioan

—-0,06%.

This means that witha/, the treatment group has not been able to cee@irceivable

change with regard to F1 (-1,8 %) according to &tgm’s theory, but there is a
perceivable effect with regard to F2 (-4,9%).

In the control group’s case, the change is perbévaith F1 (+5,4%), but towards the
wrong direction (away from 300 Hz, which was thierence point’s F1 value).
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Table 29 The averagehus/-data of the treatment and control groups

/hUs/

START

/hUs/

END

Treatment| n=99

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

n=100

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

Aveg.
StDev
CoV

337,8088
44,8622
0,132804

1198,28
135,0375
0,112693

254,2726
129,4832
0,50923

Aveg.
StDev
CoV

332,5523
48,79908
0,146741

1185,219
154,0444
0,129971

240,5894
146,1175
0,607331

/hUs/

START

/hUs/

END

Control n=95

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

n=100

F1 (Hz)

F2 (Hz)

Eucl. (Hz)

Aveq:

CoV:
p

StDev:

348,0739

56,03499

0,160986
0,4398

1206,597

235,9327

0,195536
0,5632

289,9933

197,7701

0,681982
0,7337

Aveq:

StDev:

CoV:
p

348,8216
55,1199
0,158017
0,0458

1254,773

210,1677

0,167495
0,0104

315,8466

191,6808

0,606879
0,005

Table 29 displays the averages of 1B@s/-imitations of both groups in the start test
and in the end test (notice the few excluded awstlie the n-values). As it can be seen,
there is no statistically significant differenceteen the groups in the start test, but

there is a clear statistical difference in the aobss all the parameters.

As Table 29 shows, the treatment group’s averagidean distance is smaller than the
control group’s in the start test. The treatmeougfs Euclidean distance has decreased
in the end whereas the control group’s distanceilasased and has therefore drawn

further away from the reference point.

With /hus/, the average Euclidean distance of the treatrgenmtp in the end is 240,59

Hz (a change of -5,4% from the start) whereas tim¢rol group’s distance is 315,85 Hz
(a change of +8,9% from the start), with the ddéfese being 75,26 Hz between the
groups. This is again to the treatment group’s @ia@40,59 Hz < 315,85 Hz).

In the end test withhkis/, the difference between the groups with regarBiltos 16,27
Hz (4,7%) and with F2 the difference is 69,55 H5%).

Within the treatment group, the average F1 valigedi@nged between the start test and
the end test by -5,26 Hz (-1,6 %). With F2 the g®ams -13,1 Hz (-1,1 %). This
corresponds with the Wilcoxon-test in Chapter Which revealed that there was no
statistically significant difference in the treatm@roup between the start test and the

end test.
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Within the control group the changes between tlat dest and the end test are
+0,75 Hz (+0,2%) with F1 and +48,18 Hz (+4%) with F

This means that withhi&s/, the treatment group has not been able to create
perceivable change between the start test andntigest with regard to F1 and F2

according to Flanagan’s theory and the Wilcoxon-tes

In the control group’s case, the change is only pesceivable with F2, but towards the
wrong direction (away from 969 Hz, which was th&erence point’'s F2 value). Also,
the control group’s Euclidean distance has incrassvards the wrong direction
(+8,9%)

The statistics of the entire data with regard tonimum and maximum values is

presented in Table 30.

Table 30 The statistics of the entire data

U U HUs HUs
U U U U HUs HUs HUs HUs

START |START START END END END START |START START END END END

F1 F2 Eucl. F1 E2 Eucl. E1 F2 Eucl. F1 E2 Eucl.

Dist Dist Dist Dist

N Valid 194 194 194 200 200 200 194 194 194 200 200 200
Missing 6 6 6 0 0 0 6 6 6 0 0 0

Mean 325,134(1138,02(250,285(330,732( 1109,7 {207,316(342,836(1202,35|271,765|340,687| 1220 |278,2179997
Median 312 |(1042,22|162,068| 312 |1088,05|165,994|332,833| 1187 |243,667|328,885[1173,75 227,8

Std. Deviation |53,9134/264,107| 221,97 |58,7771(180,273|147,676(50,7711|190,756(166,984(52,5611(187,069| 174,1349596
Variance [2906,66(69752,5|49270,6(3454,75|32498,2(21808,2|2577,71({36387,7|27883,6(2762,66| 34995 |30322,98417
Minimum 250 750 |24,6667| 250 |743,909 19 250 |817,333| 40 250 (843,444 44,8
Maximum 500 |1947,33(979,667|491,75| 1968 | 1000 |491,75| 1875 906 | 458,9 [1774,8|868,3333333
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7.7 The Feedback from the subjects regarding the te  sts

The test subjects were issued a feedback form #féeend test to monitor the quality
and efficiency of the actual test setting and theegal usability of The Vowel Game.
All the 20 subjects filled in the feedback form ahe results appear in Tables 31 and
32. The numbers on the rows indicate the numbsubjects giving the rating specified
at the top of the columns. The feedback form isg@néd in its original Finnish form in
Appendix J. A similar feedback questionnaire waso altilised on children by A-M.
Oster in her studies, which evaluated a numbemadgiing software (e.g. SpeechViewer)
regarding computer-based speech therapy (2006: 166)

Table 31 The Feedback form results

Test quality: Excellent Good Mediocre Weak Poor
How would you rate the
way the tests were 17 3 - - -
organized?
How would you rate the
. - 16 4 - -
tests’ interest level?
How would you rate the
compensation? 10 10 - - -
(The cinema ticket)
Table 32 The Feedback form results 2
Test quality: | strongly | agree Not sure | | disagree ! ;trongly
agree disagree
The tests could be
improved / diversified. 1 5 6 / L
The tests _taught me 4 10 5 1 )
something new.

The test subjects who utilised The Vowel Game’sriiaice were generally pleased with

the application’s appearance and usability aftey timd been initiated to the system.
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8. Conclusions

All the analyses in Chapter 7 seem to suggestTthatVowel Game’s visual feedback

does have a positive effect on the treatment geoppinunciation of thes/-vowel. The

positive development comes across as a progregsivaede constant pronunciation of

the vowels with less deviation in the F1, F2 andliflean distance values in the end.

There was a clear statistically significant diffece between the groups in the end test

when there was none in the start tests (except/iwitim F1) (see Tables 13, 28 and 29)
and the deviations in the treatment group’s pararadtad decreased in the end test in a
higher number of cases when compared to the cagitoolp (see Table 26). In addition,
the Euclidean distance of the treatment group eedised in the end test in a higher

number of cases when compared to the control gigeg Table 27).

Despite the fact that there was no statisticaliynisicant difference within the groups
between the start test and the end test with regaFd, F2 and the Euclidean distance

(see Chapter 7.4), there was a clear statisticalipificant difference_between the

groupsin the end with regard to F2 and the Euclideatadise with &/. The statistically
significant difference between the groups was algparent in the end test withd/s/
across all the parameteiEhe treatment group was closer to the referenacd gwan the
control group in both end tests involving both thestainedd/-vowel and the Hus/-
word. Generally, all the treatment group’s paramesdues in the end test with bot/ /

and hus/ were closer to the reference point when comparddeaontrol group’s end

test values (see Tables 28 and 29).

The most prevalent effect within the groups canmesxcin the treatment’s group’s F2
value for the sustained/fvowel between the start test and the end te&.chlange was

4,9 % towards the correct direction (towards tHersmce point’s F2 value, which was
969 Hz). This, according to J.L. Flanagan’s theasya perceivable difference (see
Chapter 7.6).
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In general, the control group had developed as wall learned more constant
pronunciation through imitation, but the controbgp’s progress was less apparent
when compared to the treatment group. The learafrthe control group by imitation

alone could be explained by the existence of theomneuron system in humans as
suggested by Rizzolatti, Craighero and Arbib. Ofirse, the primary purpose of this
study was not to show the effect of the mirror m@sror to prove that their existence
caused the learning, but merely to imply that ibie plausible explanation for the

learning process.

The use of The Vowel Game does require the guidandethe presence of a phonetics

specialist or speech clinician when the goal idearn new vowel categories. For

instance, in the case of th&/Aowel, The Vowel Game does not offer any inforiomat
regarding the roundedness of the lips, which igiafuwith this particular vowel. This
type of information was provided for the test sgbgan both groups by the supervisor.
Also, as M. Carey stated in his study, the F1/Féhel alone does not provide
information on how the formants should be alterBuis requires an external advisor.
What appears to be the common denominator in mbsheo systems presented in
Chapter 4 is that they often require the preseheespecialist who guides and instructs
the subjects. Many of the applications in Chapterede also deemed quite complex to
use, e.g. by M. Carey and D. Healey in their respecevaluations. However, the
subjects who used The Vowel Game’s interface wesrernlly pleased with the

application’s appearance and usability after they been initiated to the system.

As stated earlier, The Vowel Game’s game-featutegrey the student receives points
from hitting any of the prototypes of the vowelagaries in the diagram, was excluded
from the test version and therefore the game agpedtl not be evaluated. In any case,
the game aspect in the application is still innfancy and should be developed further.

In general, the majority of the subjects found tiegts of The Vowel Game to be well
organized and generally interesting, regardlesswiéther they were treatment or
control subjects. The majority of the subjects dédbthey had learned something new
in the tests. The evidence of the feedback waspted in Tables 31 and 32.
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The tests of The Vowel Game should be continuedh \atger groups over longer
periods of time to gather more conclusive data. Mghauld be taken into account in
the future studies is the selection of the tesfjemid and the difference between the
male and the female voices. According to Rosner RioHtering, the female voices
feature formants, which are approximately 18,5%haéigthan those of males. This is
largely due to the difference between the vocaittiengths between the sexes (1994:
54). In the tests of The Vowel Game, the test suibjeonsisted of both males and
females due to the limitation in the number of undiials consenting to participate in
the tests, albeit with a compensation in the fofna @inema ticket. The presence of
both sexes in a single group obviously caused tewian itself in the F1, F2 and the
Euclidean distance values. This problem could beramme in the future tests by
selecting only males or only females in the groapd comparing groups of the same

Sex.

The Vowel Game’s performance should also be imptoVlere are a number of issues
in the game, which should be addressed in the du@rsions of the application to
improve the game’s performance. 1) The gating @f mhicrophone line should be
adjusted to prevent the game from picking up umebk interferences and disturbances
such as processor noise, ventilation noise in tleenrand the test subject’s breathing
and consequently from plotting them in the vowelgdam as hits. 2) The merging of
the formants in the spectral envelope leads te falts, when the game interprets the
two maxima in the spectral envelope as one and phreneeds to select the third
maximum as the second. This obviously leads tolse fhit. This problem could be
overcome by making an adjustment to the game wieatebprogram should be able to
separate at least 5 maxima in the spectral envelepea bandwidth of e.g. 200-4000
Hz. 3) The problem regarding the effect of a high, Which leads to the LPC
algorithm’s weakness of predicting the multipled=6fas formants instead of predicting
the real formants. This problem may be difficult bhgpass, but the program could
nevertheless be informed if the test subject haiglaFO (>200 Hz). The program could
also be developed to concentrate on a specificiargge diagram and to ignore all hits

where the parameters do not correspond with tlyetarea’s specifications. E.g. If the

target area is thas/-vowel, the F1 values should not exceed 500 Hzthad-2-values

should therefore not exceed 2000 Hz. In case theesare exceeded, the hit is ignored.
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With these aforementioned improvements, The Vowaah& could have great potential
in becoming an efficient tool in teaching new voweategories for second language
learners. Especially foreign students might wetiddeg from the advantages of the real-
time visual feedback. The application could alsaibiésed in speech therapy involving
children with speech impediments or individualshwitearing disabilities. The future

will show how the technical challenges of the agation can be overcome.
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Appendix A
The table below shows the 10 treatment group meshth@raverage hits of the vowel
I/ in the start test, théd"4exercise and in the end test.

1. START 1. 4th Exercise 1. END

/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 312 1632,25 | 663,25 1 351,818 | 715,545 | 259,455 1 386,625 | 980,125 | 242,25
2 364,333 | 1947,33 | 979,667 2 366,273 | 786,455 238 2 388,556 | 815,556 183

3 399,8 1043,4 218,2 3 378 756,333 | 232,778 3 411,636 815 206,455
4 281 1937 968 4 390,5 868,4 140 4 391,692 | 857,692 | 149,077
5 300,375 | 1878,38 | 909,375 5 382,077 812 178,154 5 391,818 815 184,636
6 500 1250 344 6 377,8 884,2 2747 6 365,4 796,5 194,7
7 314,667 | 1879,75 | 911,083 7 401,8 958 133,8 7 399,286 | 867,929 | 164,714
8 281 1875 906 8 382,5 | 835,375 | 160,125 8 383,364 | 831,909 | 166,818
9 390,5 1445 484,5 9 379,615 | 792,846 197 9 391,909 | 758,273 | 234,273
10 10 | 366,833 | 788,75 | 200,833 | 10 | 380,364 | 743,909 | 242,182

Aveg: | 349,297 | 1654,23 | 709,342 | Aveqg: | 377,722 | 819,79 | 201,484 |Aveg:| 389,065 | 828,189 | 196,81
StDev:| 72,0229 | 334,754 | 292,989 |StDev:| 13,7806 | 69,6113 | 49,0699 |StDev:| 12,0691 | 65,8712 | 33,6177
CoV: | 0,20619 | 0,20236 | 0,41304 | CoV: | 0,03648 | 0,08491 | 0,24354 | CoV: | 0,03102 | 0,07954 | 0,17081

2. START 2. 4th Exercise 2. END
/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 267,222 | 1169,78 | 275,111 1 287,889 | 1107,33 | 177,111 1 295,091 | 1192,91 | 224,636
2 287,2 1143,4 214,6 2 299,7 924,7 67,3 2 281 1263 | 294,786
3 287,2 1293,5 325,4 3 277,556 | 909,444 | 64,8889 3 288,154 | 1261,77 293
4 296,5 1280,9 312 4 281 954,556 | 47,3333 4 287,2 1077,7 109,8
5 284,444 | 1440,56 | 471,556 5 293,917 | 1031 | 119,917 5 299,083 | 1090,75 | 123,333
6 287,889 | 1496,11 | 527,333 6 287,889 | 1221,89 264 6 286,636 | 1124,73 | 157,818
7 276,571 | 1437,29 | 468,571 7 281 933,125 | 41,75 7 283,583 | 1077,83 | 110,5
8 288,75 | 1366,88 | 397,875 8 286,636 | 1053,45 | 169,455 8 295,308 | 1098,08 130
9 2717 1405,9 438 9 275,364 | 1079,18 | 145,091 9 290,3 1162,2 193,8
10 | 284,875 | 1562,13 | 593,125 | 10 | 284,444 | 930,111 60 10 | 283,818 | 1190 | 221,636

Aveg: | 283,235 | 1359,64 | 402,357 | Aveg: | 285,539 | 1014,48 | 115,685 |Aveg:| 289,017 | 1153,9 | 185,931
StDev:| 8,80339 | 136,534 | 119,26 |StDev:| 7,39853 | 102,219 | 72,8048 |StDev:| 5,86876 | 71,4766 | 71,0797
CoV: | 0,03108 | 0,10042 | 0,2964 | CoV: | 0,02591 | 0,10076 | 0,62934 | CoV: | 0,02031 | 0,06194 | 0,38229
3. START 3. 4th Exercise 3. END

/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 299,6 1018,5 69,5 1 288 878,111 | 110,556 1 275,833 | 942,333 57
2 281 827,5 142,5 2 277,9 977,6 166,8 2 267,714 | 901,286 84
3 281 843 127 3 283,818 | 931,545 | 180,273 3 277,125 988 193
4 281 978,667 | 24,6667 4 265,5 909,75 | 72,625 4 281 886,25 85
5 312 906 64 5 281 871,4 101,5 5 286,636 | 860,545 | 110,273
6 281 757,75 | 211,25 6 265,5 941 250,75 6 296,5 843,5 127,5
7 406 1374,5 4475 7 277,556 819 151,444 7 287,2 1052,8 110,6
8 281 750 219 8 293,4 968,5 158,2 8 281 1087,2 120,8
9 281 893,2 81,6 9 290,3 877,8 93,2 9 288,75 | 1034,63 | 93,75
10 257,75 781 192,5 10 281 973,5 45 10 302,7 1099,5 130,7

Aveg: | 296,135 | 913,012 | 157,952 | Aveg: | 280,397 | 914,821 | 133,035 | Aveq: | 284,446 | 969,604 | 111,262
StDev:| 41,0715 | 185,344 | 121,583 |StDev:| 9,40174 | 52,7487 | 60,2648 |StDev:| 10,2246 | 95,6524 | 36,6651
CoV: | 0,13869 | 0,203 | 0,76975 | CoV: | 0,03353 | 0,05766 | 0,453 | CoV: | 0,03595 | 0,09865 | 0,32954




4. START 4. 4th Exercise 4. END
/Ul | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 305,8 943,2 42,6 1 316,846 | 968,385 | 92,1538 1 302,7 927,6 | 152,636
2 324,6 987,2 | 122,667 2 304,846 | 927,385 56 2 289,857 | 995,286 | 91,7143
3 349,6 943,2 62,6 3 316,429 | 1035,29 | 77,4286 3 306,364 | 877,455 | 94,3636
4 357,545 | 948,455 69 4 288,154 | 1023,69 116 4 312 990,786 | 47,3571
5 352,6 1021,6 79,9 5 287,2 | 974,667 | 78,2667 5 301,667 | 991,75 | 69,6667
6 395,583 | 1095,92 | 160,917 6 316,133 | 991,333 | 67,0667 6 286,636 | 957,182 | 69,8182
7 372,538 | 1052,54 | 113,385 7 288,75 | 868,938 | 107,188 7 292,273 | 925,636 | 53,6364
8 380 999,5 94 8 299,167 | 1015,08 63,5 8 286,813 | 1114,81 | 151,125
9 368,909 | 968,273 | 72,7273 9 292,625 | 890,125 97,5 9 297,909 | 1036,36 | 104,091
10 | 397,545 | 1016,73 | 111,545 | 10 | 295,091 | 971,091 | 74,4545 | 10 | 309,615 | 1011,62 | 66,2308
Aveg: | 360,472 | 997,661 | 92,9341 | Aveg: | 300,524 | 966,598 | 82,9558 | Aveg: | 298,583 | 982,849 | 90,0639
StDev:| 29,1927 | 50,4778 | 34,7629 |StDev:| 12,2231 | 55,7298 | 19,6006 |StDev:| 9,34765 | 66,2446 | 37,1282
CoV: | 0,08098 | 0,0506 | 0,37406 | CoV: | 0,04067 | 0,05766 | 0,23628 | CoV: | 0,03131 | 0,0674 | 0,41224
5. START 5. 4th Exercise 5. END
/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 281 1062 94 1 274,111 | 1048,33 | 89,6667 1 281 1025,5 87
2 327,5 1140,5 173,5 2 294,286 | 1084,29 118 2 289,455 | 1170,09 | 203,545
3 327,5 1062,5 97 3 307,571 | 1021,86 | 76,1429 3 300,727 | 1045,09 | 85,4545
4 312 1015,5 58,5 4 287,2 1065,3 105,7 4 312,2 1137 170,2
5 312 1046,5 78 5 299,083 | 1072,5 | 105,25 5 292,071 | 1068,79 | 102,857
6 281 952,5 35,5 6 270,667 1017 | 64,3333 6 283,214 | 1073,29 | 136,2
7 288,75 | 1085,5 120 7 316 1058,13 | 110,25 7 301,667 | 1098,5 | 129,833
8 296,5 | 1062,17 | 122,167 8 275,833 | 1015,33 | 72,5833 8 288,75 | 1046,58 | 84,1667
9 250 999,5 64,5 9 292,273 | 1059,18 | 98,0909 9 296,5 1034,2 67,5
10 10 | 312,143 | 1022,14 62 10 | 315,875 | 1030,75 | 90,125
Aveg: | 297,361 | 1047,41 | 93,6852 | Aveg: | 292,917 | 1046,41 | 90,2017 | Aveg: | 296,146 | 1072,98 | 115,688
StDev:| 25,2454 | 53,7323 | 41,2409 [StDev:| 16,0928 | 25,3828 | 20,2112 |StDev:| 11,6011 | 48,5504 | 43,6936
CoV: | 0,0849 | 0,0513 | 0,44021 | CoV: | 0,05494 | 0,02426 | 0,22407 | CoV: | 0,03917 | 0,04525 | 0,37768
6. START 6. 4th Exercise 6. END
/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 419,286 | 1115,71 | 282,429 1 412,778 | 1485,78 | 533,889 1 478,833 | 1598,5 | 654,167
2 281 1343 374 2 455,9 1593,3 645,3 2 468,3 1540,2 595,2
3 437 1031 150 3 464,5 | 1558,13 | 614,75 3 437,25 | 1507,25 557
4 426,667 989 211,333 4 468,333 | 1593,33 | 649,167 4 481 1481 543
5 447,667 1140 290,429 5 452,833 1523 576,75 5 456 1406 476,4
6 418,2 1168,4 257,6 6 448,545 | 1474,09 | 531,909 6 448,143 | 1510,64 | 564,357
7 459,429 | 1294,14 | 365,286 7 482,222 | 1541,22 | 600,667 7 443,4 1468,4 519
8 405,8 987 165 8 440 1488,27 540 8 459,286 | 1423,86 483
9 426,667 1104 | 195,333 9 475,538 | 1490,08 | 552,308 9 426,667 | 1379,83 | 434,333
10 458 1187,17 | 277,75 10 | 456,625 | 1503,5 | 560,875 | 10 369,5 1468,5 | 511,667
Aveg: | 417,971 | 1135,94 | 256,916 | Aveg: | 455,728 | 1525,07 | 580,561 | Aveg: | 446,838 | 1478,42 | 533,812
StDev:| 51,2371 | 119,17 | 77,036 |StDev:| 19,6727 | 44,5466 | 44,5494 |StDev:| 32,2899 | 65,1937 | 63,5021
CoV: | 0,12259 | 0,10491 | 0,29985 | CoV: | 0,04317 | 0,02921 | 0,07673 | CoV: | 0,07226 | 0,0441 | 0,11896
7. START 7. 4th Exercise 7. END
/Ul | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 437,25 | 1257,5 | 410,25 1 364,333 1135 | 214,333 1 265,5 1046,5 86,5
2 281 1031 64 2 362,4 1168,4 217,2 2 366,75 1265 312
3 343,5 1296,5 | 401,25 3 343,5 1156 194,5 3 402 1140,38 | 213,625
4 343 1062 102 4 331 1087,2 134,6 4 388 1093,43 | 165,714
5 375 1000 81 5 320 1304,25 | 3435 5 382,625 | 1077,75 | 148,55
6 390,5 1093,5 155,5 6 387,2 1112,2 172 6 398,125 | 1140 | 200,125
7 296,5 1202,5 239,5 7 281 1328 359 7 333 1093,33 | 140,667
8 406 1031 530 8 328 1265,25 | 309,75 8 380 1098,5 | 230,333
9 9 359 11245 179,5 9 374,667 1062 142
10 10 10 395,5 | 1140,17 | 201,167
Aveg: | 359,094 | 1121,75 | 247,938 | Aveg: | 341,826 | 1186,76 | 236,043 | Aveg: | 368,617 | 1115,71 | 184,063
StDev:| 53,5414 | 114,111 | 177,693 [StDev:| 31,1668 | 88,8984 | 80,8081 |StDev:| 41,2999 | 61,9077 | 62,0982
CoV: | 0,1491 | 0,10173 | 0,71669 | CoV: | 0,09118 | 0,07491 | 0,34235 | CoV: | 0,11204 | 0,05549 | 0,33737




8. START 8. 4th Exercise 8. END
/Ul | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 296,5 1027,9 68,1 1 305,429 | 1033,29 | 74,7143 1 278,615 | 1023,62 | 100,214
2 312 1004 | 67,5714 2 295,308 | 1088,62 | 134,154 2 320,467 | 1018,33 | 114,875
3 288,75 | 903,333 | 79,25 3 309,692 | 1011,62 | 60,6923 3 307,231 | 1095,69 | 133,846
4 298,222 | 961,222 | 32,6667 4 295,308 | 1033,38 | 69,8462 4 301,118 | 1012,59 | 105,882
5 323,364 | 1022,27 | 98,9091 5 305,8 | 1076,67 | 109,8 5 292,071 1051 84,3571
6 309,692 | 1009,23 | 59,0769 6 301,667 | 1103,73 | 138,667 6 300,929 | 1044,29 | 89,3571
7 312 1057,31 | 91,5385 7 307,867 | 1072,53 | 105,667 7 300,818 | 991,091 | 56,7273
8 307,231 | 1026,08 | 61,6154 8 305,111 | 1185,33 | 219,667 8 302,9 1212 270,909
9 312 1024,7 65,2 9 301,667 | 1039,2 74,4 9 303,143 | 1030,86 | 66,4286
10 | 314,385 | 1102,85 | 135,615 | 10 | 307,933 | 1095,53 | 130,867 | 10 | 307,571 | 1157,93 | 189,643
Aveg: | 307,414 | 1013,89 | 75,9543 | Aveg: | 303,578 | 1073,99 | 111,847 | Aveg: | 301,486 | 1063,74 | 121,224
StDev:| 10,1283 | 53,1731 | 27,7928 [StDev:| 5,05042 | 49,8619 | 47,619 |StDev:| 10,7891 | 70,7591 | 64,5499
CoV: | 0,03295 | 0,05244 | 0,36592 | CoV: | 0,01664 | 0,04643 | 0,42575 | CoV: | 0,03579 | 0,06652 | 0,53248
9. START 9. 4th Exercise 9. END
/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 292,273 | 883,273 | 103,455 1 273,25 | 1239,17 | 281,167 1 2717 1090,3 144,8
2 301,667 | 924,25 62,5 2 289,263 | 1124,68 | 170,158 2 259,538 | 922,692 | 202,154
3 294,357 | 932,714 | 72,7143 3 261,923 | 1098,08 | 139,692 3 275,833 | 913,667 | 198,667
4 2934 915,1 58,8 4 273,706 | 1141,29 | 174,941 4 267,438 | 989,75 | 116,313
5 292,923 | 1002,08 | 60,5385 5 275,529 | 1179,82 | 212,176 5 273,846 | 992,385 | 47,1538
6 357,941 | 1069,53 | 164,176 6 268,235 | 1117,24 | 165,412 6 2748 997,6 46,8
7 312 968,385 | 33,7692 7 265,5 | 1048,79 | 137,143 7 272,733 | 939,133 | 58,2667
8 288,75 921,5 63,25 8 274,474 | 1162,47 | 196,263 8 276,867 | 1039,2 | 77,4667
9 290,3 896,7 82,2 9 267,714 | 1131,36 | 171,786 9 276,867 | 1101,6 | 156,063
10 | 307,571 | 10355 | 73,5714 | 10 | 268,944 | 1098,67 | 135,889 | 10 | 269,375 | 1011,31 | 67,6875
Aveg: | 303,118 | 954,903 | 77,4974 | Aveg: | 271,854 | 1134,16 | 178,463 |Aveg:| 271,9 | 999,764 | 111,537
StDev:| 20,7362 | 62,0866 | 35,3156 |StDev:| 7,50202 | 51,8532 | 43,8696 |StDev:| 5,34203 | 64,5017 | 60,7107
CoV: | 0,06841 | 0,06502 | 0,4557 | CoV: | 0,0276 | 0,04572 | 0,24582 | CoV: | 0,01965 | 0,06452 | 0,54431
10. START 10. 4th Exercise 10. END
/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 374,857 | 1298,86 | 338,571 1 355,231 | 1129,46 | 171,154 1 334,357 | 1142,57 | 181,571
2 361,286 | 1258,57 | 299,714 2 332,917 1096 134,5 2 343,313 | 1138,25 | 180,313
3 330,6 1037 | 350,333 3 347,714 | 1084,5 | 130,143 3 327,643 | 1153,57 | 192,786
4 331,625 | 1222,25 | 407,556 4 340,769 | 1059,69 | 109,308 4 340,364 | 1175,91 | 213,182
5 335,5 | 1026,88 81,5 5 387,75 | 1080,25 | 148,833 5 346,4 1112 185,1
6 360,889 | 1228,89 | 270,333 6 365,3 1090,2 153,3 6 343,273 | 1155,82 | 195,364
7 362,4 1174,6 224,6 7 330,8 1005,8 70,4 7 320,636 | 1087,64 125
8 430,222 | 1232,22 | 298,667 8 338,857 | 112229 | 1675 8 298,714 | 1093,29 | 128,857
9 364,333 | 1254,83 | 306,333 9 336,571 | 1037,57 | 1155 9 340,75 | 1075,08 | 139,333
10 421,5 1148 226,75 10 | 352,143 | 1050,93 | 109,714 | 10 | 335,667 | 1085,67 | 195,538
Aveg: | 367,321 | 1188,21 | 280,436 | Aveg: | 348,805 | 1075,67 | 131,035 |Aveg: | 333,112 | 1121,98 | 173,704
StDev:| 34,472 | 92,5433 | 89,1172 |StDev:| 17,4236 | 37,9922 | 30,9284 |StDev:| 14,4207 | 35,5286 | 31,0351
CoV: | 0,09385 | 0,07788 | 0,31778 | CoV: | 0,04995 | 0,03532 | 0,23603 | CoV: | 0,04329 | 0,03167 | 0,17867




Appendix B
The table below shows the 10 treatment group meshld€raverage hits of the word
/hus/ in the vowel diagram in the start test, tifeekercise and in the end test.

1. START 1. 4th Exercise 1. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 374,75 | 1270,5 | 319,583 1 380,364 | 1099,18 | 185,727 1 421,417 | 1085,5 | 228,75

2 351,375 | 1214,63 | 262,75 2 392,222 | 982,333 | 184,222 2 340,111 | 1093,33 | 308,889
3 383,182 | 1113,27 286 3 376,929 | 1030,79 | 193,429 3 421,5 | 1105,13 | 295,222
4 380,083 | 1137,58 | 283,5 4 378,111 | 1048,33 | 197,667 4 413,75 | 987,875 | 190,875
5 356,583 | 1181,92 | 278,583 5 383,273 | 1005,45 | 121,545 5 385,222 | 1225,33 | 292,333
6 372,385 | 1153,46 | 224,462 6 379,286 | 1062,14 | 197,429 6 395,556 | 1260,22 | 193,25
7 381,923 | 1105,38 | 183,462 7 374,857 | 1102,29 | 185,286 7 405,889 | 992,556 | 135,333
8 384,3 1115,5 180,4 8 395,667 | 921,5 109 8 399 1201 262

9 380,545 | 1198,55 | 261,727 9 420,091 | 1116,27 | 201,091 9 423,111 | 1096,78 | 211,556
10 | 388,143 | 1053,14 | 182,143 | 10 | 405,875 | 1042,63 142 10 | 378,333 | 971,778 118

Aveg: | 375,327 | 1154,39 | 246,261 | Aveq:| 388,667 | 1041,09 | 171,74 |Aveg:| 398,389 | 1101,95 | 223,621
StDev:| 12,1739 | 63,207 | 50,2944 |StDev:| 14,7994 | 60,0002 | 34,2202 |StDev:| 25,708 | 101,32 | 66,4235
CoV: | 0,03244 | 0,05475 | 0,20423 | CoV: | 0,03808 | 0,05763 | 0,19926 | CoV: | 0,06453 | 0,09195 | 0,29704

2. START 1. 4th Exercise 1. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)

1 2841 1305,9 336,9 1 2748 940,2 64,2 1 285,769 | 1081,38 | 142,692
2 296,5 1692,5 | 724,167 2 287,889 | 1204,44 | 238,889 2 283,818 | 1073,55 | 135,727
3 285,429 | 1575,43 | 606,429 3 281 1034 125,1 3 291,333 | 1038,75 104
4 276,571 | 1374,71 | 406,857 4 281 892,429 | 134,143 4 306,545 | 1065,09 | 102,455
5 277,125 | 1159,88 | 192,125 5 287,889 | 996,111 | 84,6667 5 281 1100,33 | 136,889
6 284,444 | 1228,78 | 259,889 6 292,364 | 928,636 | 138,636 6 2779 1131 166
7 287,2 1199,4 235,4 7 290,3 1084,2 224,2 7 288 1037,78 104
8 285,429 | 115571 190 8 296,5 956,75 | 96,625 8 274,111 | 1037,67 | 118,111
9 281 1156,13 | 188,5 9 293,4 1015,3 130,3 9 288,75 | 987,75 77,5
10 284,1 1146,5 250,4 10 | 283,818 | 1047,82 | 154,727 | 10 288,75 | 968,375 | 119,875

Aveg: | 284,19 | 1299,49 | 339,067 |Aveg: | 286,896 | 1009,99 | 139,149 | Aveg: | 286,598 | 1052,17 | 120,725
StDev:| 5,59641 | 193,057 | 187,304 |StDev:| 6,69415 | 90,4877 | 55,8961 |StDev:| 8,8373 | 49,1939 | 25,3595
CoV: | 0,01969 | 0,14856 | 0,55241 | CoV: | 0,02333 | 0,08959 | 0,4017 | CoV: | 0,03084 | 0,04675 | 0,21006

3. START 3. 4th Exercise 3. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)

1 322,333 | 1041,33 76,5 1 322,333 | 1051,83 | 89,6667 1 299,6 1268,2 300,6
2 296,5 1109 140,875 2 307,571 | 1106,86 | 142,571 2 324,4 1305,8 337,6
3 319,75 | 999,75 84,25 3 332,667 1083 118,667 3 349,4 1143,6 181
4 312 1187 | 219,818 4 340,2 1184,1 220,6 4 250 1687 719
5 301,667 | 1166,33 | 201,5 5 327,5 1152 186 5 312 1005,8 44,8
6 332,667 | 1051,67 | 102,5 6 331,375 1230 | 264,625 6 343,4 1124,6 168,2
7 318,2 1105,8 139,8 7 318,889 | 1162,78 | 195,778 7 318,889 | 1100,33 | 137,778
8 299,6 1006 52,2 8 312,083 | 1189,75 | 225,083 8 329,714 | 1191,57 | 224,857
9 304,25 | 1179,25 | 214,75 9 308,125 | 1163,75 | 196,125 9 327,5 | 1129,83 | 164,167
10 | 322,333 | 1093,33 | 126,333 | 10 | 320,857 | 1133,43 | 168,143 | 10 | 298,714 | 1084,43 | 125,857

Aveg: | 312,93 | 1093,95 | 135,853 |Aveg: | 322,16 | 1145,75 | 180,726 |Aveg:| 315,362 | 1204,12 | 240,386
StDev:| 11,9785 | 68,885 | 59,6394 |StDev:| 10,9191 | 53,3127 | 52,5413 |StDev:| 28,2867 | 190,82 | 188,218
CoV: | 0,03828 | 0,06297 | 0,439 | CoV: | 0,03389 | 0,04653 | 0,29072 | CoV: | 0,0897 | 0,15847 | 0,78298




4. START 4. 4th Exercise 4. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 312,333 | 1395,33 | 430,667 1 316 1155,75 198 1 351 1163,63 | 208,5
2 399,8 1199,6 251,6 2 327,667 | 1051,67 | 94,1667 2 314,818 | 1150,18 218
3 368,6 1205,8 246,4 3 324,4 1199,8 232,6 3 331,818 | 1002,55 | 80,4545
4 349,6 1218,4 258 4 316 1160 212 4 343,25 | 1049,08 | 164,071
5 378,75 1230 273,625 5 338 1072,5 | 124,333 5 328,769 | 1095,69 | 140,846
6 378,75 | 1202,75 | 250,75 6 332,778 | 1162,89 206 6 319 1065,67 107
7 369,182 | 1198,64 243 7 312 1079,27 | 141,091 7 324,5 1096,5 1304
8 343,286 | 1133,43 | 172,857 8 323,875 | 1194,88 | 252,875 8 330,7 1130,9 166,6
9 352,429 | 1209,43 | 252,857 9 334 1071,4 144,6 9 359 1390,5 427,5
10 | 356,571 | 1182,71 | 223,143 | 10 | 348,909 | 1070,64 | 149,273 | 10 | 320,455 | 1090,55 | 124,182
Aveg:| 360,93 | 1217,61 | 260,29 |Aveg: | 327,363 | 1121,88 | 175,494 | Aveg: | 332,331 | 1123,52 | 176,755
StDev:| 23,9571 | 67,6228 | 65,7853 |StDev:| 11,3825 | 57,7732 | 51,7213 |StDev:| 14,4583 | 105,286 | 97,8591
CoV: | 0,06638 | 0,05554 | 0,25274 | CoV: | 0,03477 | 0,0515 | 0,29472 | CoV: | 0,04351 | 0,09371 | 0,55364
5. START 5. 4th Exercise 5. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 270,667 | 999,667 50,5 1 288,75 1148 180 1 286,167 1109 145
2 287,4 1012,2 | 139,833 2 257,75 | 1077,5 117 2 301,667 1156 188,667
3 287,2 1043,4 84,2 3 281 1125 157 3 276,571 | 1124,57 | 157,714
4 270,667 | 978,667 | 57,3333 4 296,5 11715 | 202,75 4 325,571 | 1053,14 | 90,7143
5 265,5 1062 109,75 5 288,75 | 1116,75 | 1485 5 300,818 | 1141,82 182
6 260,333 | 947,333 | 48,6667 6 296,5 1156 187,5 6 315,444 | 1114,22 | 148,667
7 250 1031 79 7 281 1228,67 | 263,333 7 316,429 | 1142,71 | 175,143
8 406 1250 300 8 281 1145,33 | 180,333 8 288,75 1156 187,75
9 250 1031 79 9 286,167 1182 | 217,333 9 287,2 1162,3 196,4
10 10 312 1218 249 10 281 1176,5 210,5
Aveg: | 283,085 | 1039,47 | 105,365 | Aveg: | 286,942 | 1156,88 | 190,275 | Aveg: | 297,962 | 1133,63 | 168,255
StDev:| 48,0471 | 86,2435 | 78,629 |[StDev:| 14,0469 | 45,795 | 44,8549 |StDev:| 16,7196 | 35,518 | 34,4125
CoV: | 0,16973 | 0,08297 | 0,74625 | CoV: | 0,04895 | 0,03959 | 0,23574 | CoV: | 0,05611 | 0,03133 | 0,20453
6. START 6. 4th Exercise 6. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 452,8 1221,5 315,7 1 430,8 1496,6 548,6 1 451,111 | 1461,33 | 524,667
2 390,25 1265 438,6 2 409,625 | 1550,5 597,5 2 416,444 | 1489,33 | 539,667
3 428,143 | 1173,71 | 3455 3 425,727 | 1462,55 514 3 432,714 | 1423,86 | 482,143
4 437,125 | 1249,63 347 4 422,909 | 1502,36 | 552,545 4 414,364 | 1530,91 | 576,364
5 421,333 | 1369,5 | 439,833 5 428,143 | 1490,71 | 539,714 5 4255 | 1640,25 | 689,25
6 418,2 1330,8 399,6 6 426,667 | 1546,42 | 599,667 6 418,4 1499,5 552,9
7 405,857 | 1401,29 | 467,429 7 444,111 | 1541,22 | 597,556 7 437 1508 562
8 390,25 | 1495,63 | 552,25 8 374,714 1580 | 622,857 8 390,3 1565,2 608
9 405,857 | 1379,14 | 439,286 9 402,7 1490,3 534,8 9 413,625 | 1530,88 | 579,375
10 436,75 | 1226,25 306 10 427,7 1430,8 486,5 10 | 410,143 | 1464 | 514,571
Aveg: | 418,657 | 1311,24 | 405,12 |Aveg:| 419,31 | 1509,15 | 559,374 |Aveg:| 420,96 | 1511,33 | 562,894
StDev:| 20,7448 | 100,343 | 77,3207 |StDev:| 19,3283 | 45,162 | 43,5731 |StDev:| 16,6882 | 60,8403 | 57,1652
CoV: | 0,04955 | 0,07652 | 0,19086 | CoV: | 0,0461 | 0,02993 | 0,0779 | CoV: | 0,03964 | 0,04026 | 0,10156
7. START 7. 4th Exercise 7. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 281 1406 437,25 1 359 11715 214,5 1 318,4 1193,2 233,6
2 367 1343,5 | 382,75 2 302 1260,33 | 295,333 2 330,143 | 1343,29 | 390,429
3 312,333 1354 | 411,667 3 335,75 | 1366,75 | 402,25 3 318,4 1406 440,4
4 333 1280,67 | 320,667 4 368,4 1374,6 423,6 4 281 1239 | 274,333
5 301,667 | 1291,33 323 5 338,333 | 1395,67 | 434,833 5 388,143 | 1222,86 | 273,286
6 318,6 1387,2 424,4 6 385 1364 | 409,333 6 379,833 | 1291,33 | 346,167
7 328 1359 392,5 7 3215 1327,6 368,3 7 333 1270,33 | 314,833
8 343 1187 222 8 351,25 | 1280,75 324 8 343,5 1338 387,5
9 312,333 1260 312 9 260,333 | 1374,67 | 407,667 9 312,5 1249,5 287,5
10 | 327,833 | 1291,17 | 333,333 | 10 317,5 | 1317,17 355 10 337,2 1174,6 222,2
Aveg: | 322,477 | 1315,99 | 355,957 | Aveg: | 333,907 | 1323,3 | 363,482 | Aveq: | 334,212 | 1272,81 | 317,025
StDev:| 23,4465 | 66,2229 | 65,9713 [StDev:| 35,9134 | 69,0621 | 68,9256 |StDev:| 31,4573 | 72,6254 | 72,2566
CoV: | 0,07271 | 0,05032 | 0,18534 | CoV: | 0,10756 | 0,05219 | 0,18963 | CoV: | 0,09412 | 0,05706 | 0,22792




8. START 8. 4th Exercise 8. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 322,444 | 1183,56 | 218,111 1 281 1033,73 | 142,545 1 275,833 | 1020,5 | 69,1667
2 336,9 1112,2 186 2 287,889 | 1016,89 | 78,3333 2 296,5 | 1108,75 | 143,25
3 317,167 | 1077,83 | 110,333 3 2934 1052,8 95,2 3 320,857 | 1102,29 | 142,714
4 329,222 | 996,111 | 66,2222 4 292,273 | 1167,18 | 199,091 4 304,25 | 1108,75 | 177,111
5 332,667 | 1037,89 | 82,6667 5 304,923 | 1038,15 | 109,692 5 312 1143,33 | 177,133
6 308,9 1193,4 228,3 6 293,917 | 1088,17 | 122,333 6 293,4 11214 153,1
7 307,571 | 1053,29 | 92,5714 7 291,333 | 1101,17 | 139,667 7 326,182 | 1172,91 | 205,818
8 329,222 | 1142,11 | 176,444 8 325,571 | 1140,21 | 182,571 8 306,364 | 1090,45 | 123,636
9 371,6 1199,7 2457 9 296,5 | 1101,25 | 134,917 9 306,455 | 1047,91 | 100,818
10 | 360,778 | 1270,44 | 311,444 | 10 296,5 | 1233,93 | 266,786 | 10 | 324,154 | 1076,46 | 145,5
Aveg: | 331,647 | 1126,65 | 171,779 | Aveg: | 296,331 | 1097,35 | 147,114 | Aveg: | 306,599 | 1099,28 | 143,825
StDev:| 20,7543 | 86,1775 | 81,4239 [StDev:| 11,9771 | 67,8989 | 55,7231 |StDev:| 15,4648 | 44,075 | 39,4152
CoV: | 0,06258 | 0,07649 | 0,474 | CoV: | 0,04042 | 0,06188 | 0,37878 | CoV: | 0,05044 | 0,04009 | 0,27405
9. START 9. 4th Exercise 9. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 314,385 | 980,308 | 142,308 1 272,545 | 1121,82 | 155,818 1 273,25 | 1025,58 | 127,923
2 365,4 1077,7 131,2 2 274,8 |1149,73 | 1834 2 267,222 1024 176,333
3 346,364 | 1016,64 101 3 296,643 | 1182,57 | 217,643 3 271,941 | 1067,59 | 127,765
4 383,091 1065 138,364 4 283,385 | 1115,08 | 147,385 4 265,5 10714 114,1
5 333,769 | 1141,54 | 183,615 5 283,818 | 1175,73 207 5 275,833 | 1051,83 | 89,1667
6 345,615 | 1175,08 | 213,308 6 302,5 | 1151,88 | 187,938 6 291,333 | 1067,42 102
7 340,455 | 1130,36 | 173,364 7 321,3 1190,2 223,1 7 274,222 | 1166,33 | 205,333
8 319,833 | 1090,83 | 127,833 8 257,154 | 1083,85 | 125,846 8 278,182 | 1124,64 | 158,727
9 332 1167 210,143 9 272,143 | 1122,36 | 156,643 9 276,867 | 1212,13 250
10 | 323,455 | 1144,45 | 187,091 | 10 | 271,313 | 1177,5 | 214,688 | 10 | 301,071 | 1220,64 | 255,143
Aveg: | 340,437 | 1098,89 | 160,823 | Aveq:| 283,56 | 1147,07 | 181,946 | Aveg: | 277,542 | 1103,16 | 160,649
StDev:| 21,1127 | 64,8236 | 37,9264 |StDev:| 18,6488 | 35,2249 | 33,9448 |StDev:| 10,8522 | 73,4847 | 59,6543
CoV: | 0,06202 | 0,05899 | 0,23583 | CoV: | 0,06577 | 0,03071 | 0,18657 | CoV: | 0,0391 | 0,06661 | 0,37133
10. START 10. 4th Exercise 10. END
/hUs/ F1 F2 Eucl. Dist.| /hUs/ F1 F2 Eucl. Dist.| /hUs/ F1 F2 Eucl. Dist.
1 307,714 | 1396,86 430 1 372,467 | 1270,53 | 316,8 1 374,545 | 1241,09 | 283,455
2 320 1292,63 | 327,375 2 365,571 | 1200,57 | 243,071 2 3355 | 1249,67 | 284,5
3 358,9 1321,3 365,5 3 433,375 | 1335,56 | 392,438 3 351,632 | 1284,21 | 327,105
4 339,375 | 1374,63 | 408,125 4 378,167 | 1289,61 | 334,944 4 365,353 | 1266,18 | 307,765
5 330,6 1337 369,6 5 376,857 | 1265,21 | 309,714 5 372,357 | 1227,29 | 271,643
6 350,333 | 1284,33 324 6 367,857 | 1216,07 | 264,357 6 386,438 | 1187,13 | 244,125
7 362 1193,6 235,4 7 368,4 | 1243,47 | 284,667 7 333,769 | 1203,92 | 239,538
8 327,7 1337,2 371,2 8 386,722 | 1303,39 349 8 350,278 | 1289,56 | 3275
9 353,889 | 1336,44 | 376,444 9 394,95 | 1345,05 | 391,85 9 336,5 | 1276,43 | 311,214
10 | 378,857 | 1218,29 | 265,571 | 10 | 354,353 | 1290,18 | 330,765 | 10 | 349,313 | 1276,94 | 320,75
Aveg: | 342,937 | 1309,23 | 347,322 | Aveq: | 379,872 | 1275,96 | 321,761 | Aveg: | 355,568 | 1250,24 | 291,76
StDev:| 21,7228 | 64,0586 | 60,488 |StDev:| 21,9478 | 47,0667 | 49,371 |StDev:| 18,3024 | 35,1061 | 32,5307
CoV: | 0,06334 | 0,04893 | 0,17416 | CoV: | 0,05778 | 0,03689 | 0,15344 | CoV: | 0,05147 | 0,02808 | 0,1115

Vi




Appendix C

The table below shows the 10 control group membdsaverage hits of the vowed//
in the vowel diagram in the start test, tHeekercise and in the end test. The control
group was never exposed to The Vowel Game’s resd-tiisual feedback.

11. START 11. 4th Exercise 11. END
/Ul | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /Ul | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 312 1593 624 1 334,933 | 1305,87 | 340,933 1 332,667 | 1287,89 | 321,333
2 343 1625 657 2 312,25 | 15855 619 2 338,714 | 1267,57 302
3 312 1554,25 | 585,75 3 337,2 1309 345,4 3 366,133 1260 | 305,067
4 312 1687 718,5 4 343,333 1531 564,667 4 352,143 | 1584,43 | 617,286
5 330,6 1555,8 587,4 5 351 1609 641,625 5 343,167 | 1148,17 | 185,75
6 281 1593 624 6 347,643 | 1332,29 | 367,286 6 345,357 | 1218,5 258,5
7 336,8 1662,2 694 7 349 1374,55 | 409,545 7 332,917 | 1504,75 | 537,583
8 312 1760 | 791,667 8 336,8 1381 413,4 8 336,429 1426 459
9 301,667 | 1666,33 | 697,333 9 348,333 | 1413,58 447 9 332,667 | 1398,08 | 430,75
10 10 321,538 | 1201,46 | 234,692 10 | 321,143 1455 488

Aveg: | 315,674 | 1632,95 | 664,406 | Aveq: | 338,203 | 1404,32 | 438,355 | Aveg:| 340,134 | 1355,04 | 390,527
StDev:| 18,935 | 67,4853 | 67,5632 |StDev:| 12,7511 | 132,247 | 131,696 |StDev:| 12,4574 | 139,262 | 136,685
CoV: | 0,05998 | 0,04133 | 0,10169 | CoV: | 0,0377 | 0,09417 | 0,30043 | CoV: | 0,03662 | 0,10277 0,35

12. START 12. 4th Exercise 12. END

U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 260,333 | 976,167 | 73,6667 1 252,583 | 1119,58 158 1 252,818 | 1107,55 | 166,273
2 291,333 | 1062 94 2 257,75 | 1218,25 | 253,25 2 250 1124,5 223,5
3 260,333 | 1037,89 | 101,333 3 256,2 1224,4 260,8 3 250 1131,44 | 200,444
4 281 1018,4 59,6 4 260,333 | 1156 193 4 263,286 | 1044,29 | 87,5714
5 288,75 | 1155,75 | 394,55 5 281 1263,44 317 5 258,857 | 1013 | 217,571
6 270,667 | 1254,83 291 6 250 1135,33 173 6 260,333 899 89,3333
7 281,167 | 911,167 123 7 255,167 | 1015,33 70,5 7 281 937 37

8 265,5 | 1171,33 | 336,667 8 2655 | 1226,25 | 2615 8 250 950,429 | 59,2857
9 281 918,4 61,2 9 250 885 154,333 9 250 1083 124,333
10 265,5 953 87 10 10 | 255,167 | 1098,5 138,5

Aveg: | 274,558 | 1045,89 | 162,197 | Aveq:| 258,726 | 1138,18 | 204,598 | Aveg: | 257,146 | 1038,87 | 134,381
StDev:| 11,5153 | 115,68 | 126,975 |StDev:| 9,71225 | 121,014 | 75,1755 |StDev:| 9,6994 | 84,711 | 66,4204
CoV: | 0,04194 | 0,1106 | 0,78285 | CoV: | 0,03754 | 0,10632 | 0,36743 | CoV: | 0,03772 | 0,08154 | 0,49427
13. START 13. 4th Exercise 13. END

/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 423,111 | 930,222 | 150,444 1 382,5 874,75 | 138,25 1 437 937 140
2 423,111 1024 | 156,444 2 395,333 | 989,333 | 103,333 2 444,75 | 1007,5 | 154,75
3 400,5 | 926,667 | 132,167 3 390,167 | 1010 177 3 281 968 19
4 374,571 839 155 4 426,667 963 128,5 4 362 1168,4 241
5 394 968,375 | 130,875 5 399,6 1005,8 126 5 359 1093,5 157,5
6 405,75 929,5 145 6 405,875 | 929,25 | 125,125 6 363 1042,5 136,5
7 383,429 946 102,571 7 354 1187,33 | 283,333 7 380,455 | 1050,73 | 190,091
8 312,333 | 926,667 65 8 340,364 | 897,364 | 94,6364 8 3745 937 104
9 312 999,5 375 9 369,091 | 965,545 | 120,182 9 382,5 913,75 152,5
10 | 402,333 930 136,444 | 10 395,5 942,5 | 152,167 | 10 382,5 1132,5 | 204,25

Aveq: | 383,114 | 941,993 | 121,145 |Aveg: | 385,91 | 976,488 | 144,853 | Aveg:| 376,67 | 1025,09 | 149,959
StDev:| 40,3351 | 49,7327 | 40,502 |StDev:| 25,4585 | 86,2184 | 53,9276 |StDev:| 45,0045 | 87,6863 | 60,07
CoV: | 0,10528 | 0,0528 | 0,33433 | CoV: | 0,06597 | 0,08829 | 0,37229 | CoV: | 0,11948 | 0,08554 | 0,40058

vii



14. START 14. 4th Exercise 14. END
/Ul | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 250 937 66,25 1 274,8 984 191,1 1 275,833 | 1090,67 | 359,333
2 250 1031 79 2 264,308 | 1004,23 272 2 290,3 890,4 129
3 265,5 796,5 177 3 266,909 | 1081,91 | 138,818 3 288,75 | 1025,67 | 319,25
4 265,5 | 1192,33 | 351,333 4 263,778 | 1173,22 | 274,667 4 276,231 | 925,154 | 185,538
5 265,5 866,75 108,5 5 272,286 | 928,286 | 316,286 5 258,455 | 928,636 218
6 260,333 885 96,3333 6 265,5 | 1176,67 | 399,333 6 271,462 | 1331,31 | 444,154
7 263,286 | 1289,71 | 494,714 7 264,091 | 1218,27 | 454,909 7 260,333 | 978,667 | 329,5
8 281 828 144 8 283,818 | 1013,82 296 8 275,833 | 895,5 | 97,8333
9 273,25 | 898,25 78,75 9 289,455 | 1127,45 | 365,818 9 268,083 | 947,583 | 299,25
10 274,8 1143,6 244 10 | 283,818 | 775,182 | 194,182 | 10 308,9 1040,2 146,6
Aveg: | 264,917 | 986,815 | 183,988 | Aveg: | 272,876 | 1048,3 | 290,311 | Aveg: | 277,418 | 1005,38 | 252,846
StDev:| 9,97497 | 169,007 | 141,086 |StDev:| 9,67093 | 135,25 | 98,8829 |StDev:| 15,1512 | 131,993 | 113,909
CoV: | 0,03765 | 0,17126 | 0,76682 | CoV: | 0,03544 | 0,12902 | 0,34061 | CoV: | 0,05461 | 0,13129 | 0,45051
15. START 15. 4th Exercise 15. END
/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 333,692 | 764,231 | 209,077 1 340,923 | 994,846 | 63,2308 1 319,813 | 976,313 54,5
2 326,091 | 1641,55 673 2 374,769 | 1098,23 153 2 314,385 | 1088,46 | 120,846
3 331,154 | 1593,38 | 625,154 3 382,5 | 1028,42 | 102,167 3 336,643 | 1160,29 | 201,357
4 330,667 | 839,2 | 138,667 4 374,818 | 971,182 | 82,8182 4 381,133 | 1097,27 | 152,533
5 316,429 | 1843,21 | 874,286 5 359,167 | 1109 152,5 5 396,385 | 1143,92 | 210,462
6 334,8 | 1357,87 | 390,133 6 337,917 | 1062,08 | 116,083 6 334 1019,82 | 82,4706
7 325,286 | 1347,79 | 379,786 7 372,308 | 997,308 | 88,5385 7 353,125 | 991,813 | 72,9375
8 337,067 | 997,533 | 114,533 8 420,091 | 1062,09 | 157,364 8 363,316 | 1073,58 | 137,737
9 338,385 | 1057,38 | 97,8462 9 383,455 906 117,818 9 346,765 | 913,176 | 77,7647
10 | 322,333 | 929,25 54,75 10 406 1116,27 | 182,273 | 10 368 999,643 91
Aveg: | 329,59 | 1237,14 | 355,723 | Aveg: | 375,195 | 1034,54 | 121,579 | Aveg: | 351,356 | 1046,43 | 120,161
StDev:| 6,97198 | 372,844 | 284,371 |StDev:| 25,6385 | 67,7699 | 38,4815 [StDev:| 26,3273 | 78,9579 | 54,4815
CoV: | 0,02115 | 0,30138 | 0,79942 | CoV: | 0,06833 | 0,06551 | 0,31651 | CoV: | 0,07493 | 0,07545 | 0,45341
16. START 16. 4th Exercise 16. END
/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 302,9 927,8 198,3 1 292,273 | 1073,45 | 112,545 1 299,083 | 997,167 | 36,5833
2 314,818 | 937,182 | 162,636 2 289,455 | 1036,55 | 73,4545 2 290,3 1049,6 81,7
3 281 808,9 161,5 3 284,875 | 1058,25 | 102,625 3 303,545 | 1076,09 | 108,909
4 281 812 157,727 4 284,444 | 850,333 120 4 291,333 | 1020,44 | 65,4444
5 308,9 10154 49 5 293,4 1121,6 162,6 5 281 1093,33 | 127,556
6 317,636 | 982,545 | 52,6364 6 286,167 | 1231,33 | 263,167 6 281 1052,7 90,3
7 301,667 | 9215 53 7 286,727 | 1224,09 | 259,818 7 291,333 | 1004,83 | 47,8333
8 304,25 | 1033,5 71,25 8 321 1080 | 116,286 8 273,846 | 1045,23 | 87,0769
9 299,167 | 882,417 | 107,333 9 284,444 | 1048,22 83 9 283,385 | 1040,46 | 78,4615
10 296,5 815,2 154,1 10 | 274,357 | 1024,21 | 76,7143 | 10 2748 943,3 44,5
Aveg: | 300,784 | 913,644 | 116,748 |Aveg: | 289,714 | 1074,8 | 137,021 | Aveg: | 286,963 | 1032,32 | 76,8364
StDev:| 12,3283 | 83,1681 | 56,5256 |StDev:| 12,1806 | 107,702 | 70,5091 |StDev:| 9,86084 | 43,0017 | 28,9644
CoV: | 0,04099 | 0,09103 | 0,48417 | CoV: | 0,04204 | 0,10021 | 0,51459 | CoV: | 0,03436 | 0,04166 | 0,37696
17. START 17. 4th Exercise 17. END
/Ul | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 250 978,667 | 52,6667 1 273,25 968,5 46,75 1 291,333 | 1072,33 108
2 257,75 984 299,2 2 265,5 | 1056,83 | 96,8333 2 260,333 | 1291,33 | 372,333
3 268,6 1180,6 214,4 3 281 1249,5 282 3 317,5 | 1181,83 | 327,833
4 265,5 | 1213,17 | 246,667 4 262,4 1174,4 230 4 268,6 887,2 88,2
5 257,75 | 1132,25 | 168,25 5 250 1072,67 | 188,333 5 281 1322,67 356
6 270,667 | 1176,67 | 209,667 6 274,8 1024,8 89,8 6 296,5 953 79
7 250 1187 223 7 260,333 | 1749,33 781 7 273,25 | 866,75 139
8 273,25 | 1234,25 | 266,25 8 265,5 976,25 66,75 8 312 1374,5 470
9 2655 | 1101,25 | 204,2 9 260,333 | 1301,67 | 337,667 9 270,667 | 1156 | 377,333
10 | 270,667 | 1135,33 169 10 268,6 1005,8 93,2 10 | 287,889 | 978,889 | 53,2222
Aveg: | 262,968 | 1132,32 | 205,33 |Aveg: | 266,172 | 1157,98 | 221,233 | Aveg: | 285,907 | 1108,45 | 237,092
StDev:| 8,56085 | 88,6917 | 67,2037 |StDev:| 8,78857 | 237,188 | 219,899 [StDev:| 18,8404 | 184,809 | 156,997
CoV: | 0,03255 | 0,07833 | 0,3273 | CoV: | 0,03302 | 0,20483 | 0,99397 | CoV: | 0,0659 | 0,16673 | 0,66218

viii




18. START 18. 4th Exercise 18. END
/Ul | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 359 1433,25 | 608,889 1 406 1218 270 1 265,5 1499,5 531,5
2 250 1234 291,5 2 250 2031 1063 2 390,5 1234 287
3 406 1552 592,333 3 343,667 | 978,667 184 3 250 1968 1000
4 368,6 1599,6 637,8 4 500 1312 397 4 3745 1280,5 337
5 359,125 | 1640,13 | 684,5 5 468,5 1374,5 440,5 5 390,333 | 1213 | 269,667
6 382,5 1664 703,25 6 398 1155,75 253 6 419,286 | 1392,43 | 453,143
7 325,571 | 1624,57 | 657,286 7 351,25 | 1577,75 | 253,667 7 390,25 | 1554,5 601
8 359 1624,5 | 662,25 8 447,667 | 1447,67 | 502,667 8 447,333 | 1333 | 393,667
9 250 1531 564 9 390,5 1546,5 608,5 9 491,75 | 1390,25 | 467,25
10 10 412 1274,6 337 10 412 1399,6 448
Aveg: | 339,977 | 1544,78 | 600,201 | Aveg: | 396,758 | 1391,64 | 430,933 | Aveg: | 383,145 | 1426,48 | 478,823
StDev:| 55,3129 | 136,151 | 123,992 [StDev:| 70,8547 | 288,139 | 257,382 |StDev:| 74,4259 | 218,792 | 210,549
CoV: | 0,1627 | 0,08814 | 0,20658 | CoV: | 0,17858 | 0,20705 | 0,59727 | CoV: | 0,19425 | 0,15338 | 0,43972
19. START 19. 4th Exercise 19. END
/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 312,273 | 948,455 | 139,636 1 416,417 | 1231,33 | 2875 1 426,667 | 1319,92 | 373,667
2 343,125 | 1042,38 | 89,125 2 431,833 | 1330,33 | 385,083 2 452,5 | 1166,33 | 252,417
3 365,2 905,9 107,1 3 454,222 | 1273,78 | 341,889 3 437,071 | 1251,93 | 314,786
4 424.6 849,8 173,2 4 434,786 | 1222,79 | 287,643 4 406 1206,23 | 261,077
5 489,333 | 947,333 | 199,333 5 441,769 | 1213,69 283 5 394 1131,85 | 197,692
6 421,5 1031 137,25 6 437 1180,43 | 251,929 6 400,273 | 1067,82 | 160,455
7 401,429 | 1022,14 | 174,143 7 453,769 | 1256,92 | 326,692 7 450,563 | 1118,75 | 215,625
8 413,667 | 1182,08 | 282,75 8 478 1292,92 | 370,385 8 422,4 | 1130,73 | 212,6
9 359,25 | 925,375 | 124,25 9 425 1317,08 | 374,154 9 456,231 | 1213,38 | 290,769
10 | 374,462 | 1345,69 | 391,154 | 10 | 432,231 | 1158,31 | 238,462 | 10 | 462,375 | 1196,75 | 285,25
Aveg: | 390,484 | 1020,02 | 181,794 | Aveq:| 440,503 | 1247,76 | 314,674 | Aveg: | 430,808 | 1180,37 | 256,434
StDev:| 50,3165 | 146,936 | 91,714 |StDev:| 17,578 | 56,7775 | 52,3893 |StDev:| 24,7954 | 73,1067 | 62,756
CoV: | 0,12886 | 0,14405 | 0,50449 | CoV: | 0,0399 | 0,0455 | 0,16649 | CoV: | 0,05756 | 0,06194 | 0,24473
20. START 20. 4th Exercise 20. END
/U/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)| /U/ | F1(Hz) | F2 (Hz) |Eucl. (Hz)
1 285,769 | 1187,08 | 220,846 1 300,727 | 1110,36 | 142,273 1 327,5 1132,5 165,5
2 302,462 | 982,692 | 61,6923 2 287,889 | 1065,56 | 102,444 2 330,6 1206 238,8
3 300,929 | 1042,07 | 126,143 3 339,125 | 1265,38 | 298,375 3 335,333 | 1176,67 | 210,75
4 301,667 | 926,75 71,25 4 334,545 | 1178,45 | 211,909 4 343,273 | 1124,45 | 164,727
5 307,231 | 975,615 64 5 315,444 | 1232,33 | 263,667 5 360,778 | 1214,89 | 253,444
6 314,286 | 1053,21 | 93,3571 6 333,7 1171,6 205,3 6 346,2 1156 192,1
7 309,786 | 1271,93 | 303,286 7 346,2 1208,9 2441 7 345,75 | 11975 | 233,917
8 328,846 | 1141,54 | 175,385 8 336,111 | 1270,56 | 303,333 8 355,9 1243,2 2815
9 312 990,643 | 67,3571 9 315,1 1174,6 206,3 9 360,667 | 1218,33 | 256,222
10 | 298,714 906 70 10 312 1234,08 | 265,25 10 | 352,846 | 1215,92 | 254,615
Aveg: | 306,169 | 1047,75 | 125,332 |Aveg: | 322,084 | 1191,18 | 224,295 | Aveg: | 345,885 | 1188,55 | 225,158
StDev:| 11,3605 | 118,302 | 82,6492 |StDev:| 18,794 | 65,6478 | 64,7798 |StDev:| 11,9209 | 39,6538 | 40,2512
CoV: | 0,03711 | 0,11291 | 0,65944 | CoV: | 0,05835 | 0,05511 | 0,28882 | CoV: | 0,03446 | 0,03336 | 0,17877




Appendix D

The table below shows the 10 control group membEdsaverage hits of théns/-
word in the vowel diagram in the start test, tffeexercise and in the end test. The
control group was never exposed to The Vowel Gamegiktime visual feedback.

11. START 11. 4th Exercise 11. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)

1 365,857 | 1267,43 332 1 325,571 | 1267,29 | 305,143 1 356,929 | 1231,86 | 271,357
2 355,25 | 1327,75 | 379,875 2 339,5 | 1386,25 | 421,875 2 324,6 1449,6 482,6
3 392,571 | 1187,29 | 271,857 3 371,6 1259 300,4 3 312 1507,25 | 539,25
4 359,1 1140,3 219,4 4 340 1374,67 | 409,556 4 351,375 | 1323,88 | 365,125
5 377,7 1196,6 299,2 5 366,182 | 1508,27 447 5 368,6 1356 394,9
6 374,667 | 1162,67 | 244,333 6 374,667 | 1343,27 | 3854 6 353,917 | 1392,92 | 428,583
7 437,222 | 1225,33 | 295,778 7 348,75 | 1411,08 | 447,25 7 349,6 1284 320,2
8 374,571 | 1258,43 | 322,857 8 380 1155,83 216 8 359,1 1431 466,4
9 381 1380,8 422.,8 9 389 1414,27 | 455,182 9 361,667 | 1452,75 | 487,333
10 412,2 1180,8 258,6 10 | 354,909 | 1400,27 | 435,909 | 10 | 365,077 | 1547,77 | 582,231

Aveg: | 383,014 | 1232,74 | 304,67 |Aveg:| 359,018 | 1352,02 | 382,371 | Aveg: | 350,286 | 1397,7 | 433,798
StDev:| 25,1485 | 76,2977 | 62,2788 |StDev:| 20,4866 | 100,106 | 81,1209 |StDev:| 18,0921 | 99,442 | 97,1887
CoV: | 0,06566 | 0,06189 | 0,20441 | CoV: | 0,05706 | 0,07404 | 0,21215 | CoV: | 0,05165 | 0,07115 | 0,22404

12. START 12. 4th Exercise 12. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)

1 281 968,444 101 1 281 972,714 | 39,1429 1 284,444 | 1062,11 | 148,889
2 292,625 | 882,375 | 97,625 2 304,25 1105 150,25 2 288,75 | 1168,83 | 207,25
3 329,333 | 1076,11 | 133,556 3 305,222 | 1204,56 246 3 309,182 | 1067,73 | 101,455
4 316,571 1013 139,571 4 290,3 984 75,7 4 304,25 960,5 57,625
5 281 995,625 | 70,625 5 312 1010 51,3333 5 289,455 | 1008,18 | 112,727
6 317,25 | 1106,42 | 144,75 6 287,2 1112 145 6 291,333 | 1030,83 68,5
7 270,667 958 62 7 312 1099 138,091 7 265,5 1115,2 157
8 296,5 952,75 40 8 339,25 | 1061,88 | 118,55 8 321,3 1102,7 138,3
9 281 1039,57 | 95,8571 9 304,25 960,5 74 9 271,7 1090,2 131,8
10 | 308,125 | 1022,88 | 155,375 | 10 | 291,333 | 994,333 | 51,1667 | 10 | 270,667 | 1034,33 | 77,5556

Aveg: | 297,407 | 1001,52 | 104,036 |Aveg: | 302,681 | 1050,4 | 108,918 | Aveg: | 289,658 | 1064,06 | 120,11
StDev:| 19,5547 | 65,1491 | 38,7709 |StDev:| 16,7138 | 79,1166 | 63,7592 |StDev:| 17,9287 | 59,2744 | 45,9848
CoV: | 0,06575 | 0,06505 | 0,37267 | CoV: | 0,05522 | 0,07532 | 0,58538 | CoV: | 0,0619 | 0,05571 | 0,38286

13. START 13. 4th Exercise 13. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)

1 418,3 1006 219,7 1 399,4 1149,8 267 1 343,25 | 1390,25 451
2 409,75 | 980,125 | 157,5 2 327,75 | 1312,25 372 2 400,5 | 1379,83 | 431,5
3 401,429 | 950,429 | 178,143 3 382,5 | 1343,25 | 396,25 3 385 1489,33 | 518,25
4 417,5 | 917,625 139 4 437 1088,86 | 220,286 4 452,75 | 1179,5 272,5
5 432,429 | 928,143 212 5 406 1281 333,5 5 359 1359 394,5
6 424,6 893,6 147,2 6 327,75 | 1312,25 | 345,75 6 405,8 1387,2 457
7 401,286 | 901,286 | 142,429 7 392,429 | 1160,29 | 256,286 7 426,333 1135 209,333
8 416,333 | 1202,5 | 272,667 8 433,375 | 1171,38 | 280,875 8 421,5 1531 582,75
9 423,571 964 147,714 9 415,1 1149,6 261,5 9 374,75 | 1437,25 | 482,75
10 | 398,889 | 947,444 | 126,667 | 10 | 463,083 1057 201,917 | 10 296.,5 1671,5 702,5

Aveg: | 414,409 | 969,115 | 174,302 | Aveg: | 398,439 | 1202,57 | 293,536 | Aveg: | 386,538 | 1395,99 | 450,208
StDev:| 11,2753 | 89,087 | 46,4608 |StDev:| 44,1035 | 101,365 | 65,037 |StDev:| 45,505 | 156,799 | 141,425
CoV: | 0,02721 | 0,09193 | 0,26655 | CoV: | 0,11069 | 0,08429 | 0,22156 | CoV: | 0,11772 | 0,11232 | 0,31413




14. START 14. 4th Exercise 14. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 289,857 | 1138 | 169,571 1 368,909 | 1059,36 | 249,545 1 287,889 | 843,444 | 142,222
2 312 1234,17 270 2 298,333 | 912,778 | 130,222 2 297,909 | 965,455 | 71,2727
3 303,143 | 1097,57 | 130,286 3 286,167 | 786,167 | 183,167 3 294,889 | 926,556 | 119,889
4 296,5 1223,5 255,5 4 275,833 | 978,833 | 294,833 4 267,222 | 864,222 | 120,111
5 304,25 | 1077,75 | 109,25 5 294,286 | 1066,71 | 245,286 5 260,333 | 895,5 93
6 312 1214 245 6 334,818 | 996,727 175 6 285,429 | 1088,86 | 220,571
7 312 1187,17 | 219,833 7 285,429 | 888,143 135 7 295,273 | 1087,73 | 223,636
8 312 1265,25 | 296,25 8 288,75 | 917,625 | 309,125 8 285,429 | 1026,43 127
9 305,8 1237 269,2 9 285,429 | 1160,43 264 9 2748 905,6 164,4
10 305,8 1318,2 349,6 10 | 307,714 | 1035,14 | 84,7143 | 10 | 301,667 | 1114,33 | 146,667
Aveg: | 305,335 | 1199,26 | 231,449 | Aveg: | 302,567 | 980,192 | 207,089 | Aveg: | 285,084 | 971,812 | 142,877
StDev:| 7,46641 | 75,2428 | 75,2497 |StDev:| 28,512 | 107,555 | 76,226 |StDev:| 13,6826 | 100,433 | 49,3854
CoV: | 0,02445 | 0,06274 | 0,32512 | CoV: | 0,09423 | 0,10973 | 0,36808 | CoV: | 0,04799 | 0,10335 | 0,34565
15. START 15. 4th Exercise 15. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 339,25 1199 | 234,063 1 338,538 | 1110,15 | 150,769 1 360,231 | 1131,77 | 183,231
2 320,545 | 1726,82 | 758,364 2 390,5 1040,4 117,6 2 357,545 | 1110,36 | 162,091
3 345,692 | 1069,31 | 118,077 3 372,643 | 1033,21 | 1245 3 389,467 | 1087,13 | 150,267
4 354,5 | 1153,57 | 196,929 4 385,222 | 1089,89 | 148,778 4 | 400,364 | 1155,91 | 212,545
5 350,538 | 1415,46 | 449,846 5 395,5 1234 | 281,833 5 382,667 | 1213,08 | 258,083
6 341,133 | 1435,07 | 468,44 6 388,143 | 1173,86 224 6 403,333 | 1202,83 | 260,417
7 337,364 | 1587,82 | 619,636 7 355,867 | 1147,53 196 7 384,538 | 1100,54 | 158,308
8 348,333 | 1140,33 | 193,833 8 409,1 1062,1 145,6 8 385,333 | 1108,92 | 168,333
9 367,231 | 1357,69 | 395,308 9 3905 | 1116,88 | 1735 9 384,2 1205,8 255,2
10 | 353,154 | 1487,62 522 10 | 370,357 | 1042,07 | 133,071 | 10 | 401,077 | 1160,62 227
Aveg: | 345,774 | 1357,27 | 395,646 | Aveg: | 379,637 | 1105,01 | 169,565 | Aveqg: | 384,876 | 1147,7 | 203,547
StDev:| 12,4346 | 214,132 | 207,98 |[StDev:| 20,6785 | 65,5863 | 51,3207 |StDev:| 15,7201 | 47,1038 | 44,4274
CoV: | 0,03596 | 0,15777 | 0,52567 | CoV: | 0,05447 | 0,05935 | 0,30266 | CoV: | 0,04084 | 0,04104 | 0,21827
16. START 16. 4th Exercise 16. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 312 820,857 149 1 304,25 | 1109,13 | 140,375 1 296,5 | 1120,75 154
2 3275 991,75 | 122,125 2 337 931 80,8 2 301,667 | 1062,33 104
3 337 968,4 97,9 3 312 994,667 | 46,3333 3 307,571 | 1053,29 | 117,286
4 334,143 | 897,143 | 83,1429 4 312 1430,8 145 4 312 1208 | 239,667
5 343,125 | 1003,63 | 69,75 5 312 963,857 55 5 319,75 | 1007,5 58,75
6 343 921,75 77,5 6 296,5 1031 69,75 6 303,143 | 1071 105,857
7 332,667 | 817,333 | 156,5 7 295,091 | 1099 | 135,727 7 307,571 | 1164,86 | 237,286
8 362,75 | 972,375 | 90,75 8 355,7 1205,8 260,7 8 300,375 | 1089,63 126
9 347 976,125 | 92,625 9 318,2 984 87 9 343 1124,67 161
10 | 320,857 | 968,429 64 10 3153 1012,2 145,7 10 [ 291,333 | 1093 | 133,667
Aveg: | 336,004 | 933,779 | 100,329 | Aveg: | 315,804 | 1076,14 | 116,639 |Aveg: | 308,291 | 1099,5 | 143,751
StDev:| 14,2573 | 68,0841 | 32,02 |StDev:| 18,335 | 148,748 | 63,6256 |StDev:| 14,5696 | 57,7945 | 57,4549
CoV: | 0,04243 | 0,07291 | 0,31915 | CoV: | 0,05806 | 0,13822 | 0,54549 | CoV: | 0,04726 | 0,05256 | 0,39968
17. START 17. 4th Exercise 17. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 260,333 | 1041,33 84 1 304,25 | 1374,75 406 1 281 1062 | 94,3333
2 260,333 | 1259,67 293 2 281 1041,33 103 2 294,429 | 1169,29 | 208,571
3 265,5 1078 113,5 3 304,25 | 1077,75 | 118,75 3 286,167 | 1228,67 | 260,333
4 287,2 1374,6 406,6 4 285,429 | 1280,71 | 324,714 4 281 1168,6 200,6
5 250 1031 79 5 290 1289,71 | 327,571 5 385 1208 275
6 302 1499,33 | 532,667 6 274,8 1118,4 151,2 6 287,4 1193,2 228,6
7 7 299,6 1206 237,8 7 351,25 | 1210,5 | 262,25
8 8 296.,5 1109 140,5 8 291,333 | 1249,67 281
9 9 333 1281 | 313,667 9 288,75 | 1085,5 117,5
10 10 296.,5 11245 155,5 10 327,75 | 1772,75 | 806,5
Aveg: | 270,894 | 1213,99 | 251,461 | Aveg: | 296,533 | 1190,32 | 227,87 |Aveg:| 307,408 | 1234,82 | 273,469
StDev:| 19,607 | 195,495 | 190,625 [StDev:| 16,1174 | 111,315 | 107,888 |StDev:| 35,5554 | 198,19 | 197,886
CoV: | 0,07238 | 0,16104 | 0,75807 | CoV: | 0,05435 | 0,09352 | 0,47346 | CoV: | 0,11566 | 0,1605 | 0,72361

Xi




18. START 18. 4th Exercise 18. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 398 1695 741,25 1 400,667 | 1702,83 | 747,167 1 390,25 1570 612
2 385 1416,33 | 460,333 2 349,8 1731 765,4 2 419,143 | 1499,57 | 566,571
3 374,5 1515,5 557,5 3 437,125 | 1601,13 | 655,5 3 398 1601 643,5
4 405,75 | 1710,5 | 750,75 4 327,75 | 1679,25 | 712,25 4 374,727 1508 | 547,364
5 312 1500 531 5 412,2 1574,8 621,2 5 374,7 1596,5 633,4
6 312 1312 343 6 401,429 | 1517,57 560 6 419,143 | 1664,86 | 708,714
7 312 1562 594 7 424,4 1462,2 512,8 7 405,6 1631 673,6
8 281 1875 906 8 374,667 | 1509,83 550 8 364 1687 722,333
9 296,5 1640 671 9 418,2 1562,2 612,8 9 368,6 1774,8 | 868,333
10 10 | 365,857 | 1624,57 | 663,571 | 10 374,4 1762,2 799
Aveg: | 341,861 | 1580,7 | 617,204 | Aveg: | 391,209 | 1596,54 | 640,069 | Aveg: | 388,856 | 1629,49 | 677,482
StDev:| 48,2136 | 169,695 | 169,871 |StDev:| 35,3256 | 88,4927 | 84,9829 |StDev:| 20,6495 | 94,4958 | 100,449
CoV: | 0,14103 | 0,10735 | 0,27523 | CoV: | 0,0903 | 0,05543 | 0,13277 | CoV: | 0,0531 | 0,05799 | 0,14827
19. START 19. 4th Exercise 19. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 433,556 | 1551,67 | 598,222 1 426,583 | 1351,08 | 406,333 1 446 1383,57 440
2 468,375 | 1413,63 | 489,625 2 436,857 1330 | 392,357 2 458 1208 | 286,333
3 400,182 | 1462,64 | 511,636 3 432,154 | 1374,77 | 430,769 3 430,8 1259 326,9
4 427,6 1562,2 611,3 4 446,3 1377,9 436,9 4 458,9 1259,1 332
5 437,111 | 1551,78 | 603,333 5 428,071 | 1211,64 | 279,643 5 452,583 | 1254,92 | 324,75
6 433,9 1449,7 504,5 6 436,846 | 1179,85 | 274,923 6 429,167 1208 277,25
7 474,091 | 1448,55 | 512,273 7 410,286 | 1325,57 380 7 434,333 | 1233,83 | 298,75
8 452,75 | 1494,33 | 552,833 8 439,462 1389 | 461,846 8 446,2 1277,8 350
9 491,75 | 1429,25 | 500,75 9 443,333 | 1393,47 | 460,733 9 450,286 | 1265,21 | 339,786
10 | 452,625 | 1487,75 546 10 | 442,636 | 1317,73 | 382,455 | 10 458 1319 | 402,333
Aveg: | 447,194 | 1485,15 | 543,047 | Aveg: | 434,253 | 1325,1 | 390,596 | Aveq: | 446,427 | 1266,84 | 337,81
StDev:| 26,4074 | 53,9914 | 46,5525 |StDev:| 10,6164 | 73,5882 | 66,5615 |StDev:| 11,3766 | 52,4372 | 50,47
CoV: | 0,05905 | 0,03635 | 0,08572 | CoV: | 0,02445 | 0,05553 | 0,17041 | CoV: | 0,02548 | 0,04139 | 0,1494
20. START 20. 4th Exercise 20. END
/hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)| /hUs/ | F1 (Hz) | F2 (Hz) |Eucl. (Hz)
1 296,5 1096,4 174,3 1 330,529 | 1302,88 | 341,471 1 312 1363,43 | 394,571
2 295,182 | 1119,09 | 152,636 2 310,188 | 1267,25 | 300,188 2 365,714 | 1432,71 470
3 292,923 | 1018,85 | 121,385 3 309,857 | 1209,5 | 242,571 3 329 1280,91 | 313,636
4 312,111 | 996,111 | 105,444 4 329,688 | 1237,81 | 273,188 4 376,714 | 1359,07 | 403,571
5 321,692 | 1194,23 | 229,923 5 310 1249,64 | 284,286 5 355 1357,06 | 393,5
6 300,154 | 1115,08 | 197,077 6 338,167 | 1253,11 302 6 374,583 | 1395,67 | 434,167
7 304,375 | 1183,19 | 264,25 7 343,308 1204 | 260,462 7 327,643 | 1316,57 | 350,714
8 325,083 | 1236,58 | 269,583 8 349,467 | 1270,53 | 306,067 8 334,727 | 1258,18 | 292,636
9 294,778 | 1121,22 | 152,778 9 330 1321,14 | 355,929 9 310 1341,27 | 373,8
10 | 330,733 | 1247,47 | 283,6 10 370 1334,57 | 373,857 | 10 | 322,533 | 1293,27 | 327,533
Aveg: | 307,353 | 1132,82 | 195,098 |Aveg: | 332,12 | 1265,04 | 304,002 | Aveg: | 340,792 | 1339,81 | 375,413
StDev:| 14,0722 | 84,2367 | 64,0116 |StDev:| 19,369 | 43,9451 | 42,1776 |StDev:| 25,1981 | 53,5605 | 55,2361
CoV: | 0,04579 | 0,07436 | 0,3281 | CoV: | 0,05832 | 0,03474 | 0,13874 | CoV: | 0,07394 | 0,03998 | 0,14713

Xii




Appendix E

Below appear the visualizations of the 10 treatnggoup members’ 10 average/4/
vowels in the start test, thd"&xercise and the end test. The values are exprésse
Hertz.

START Test subject 1.

Ta00 2600 3400 2300 2000 1800 1600 1400 1200 1000 200 GO0

4th Exercise Test subject 1. U/

Fa00 2600 2400 2300 2000 1800 1600 1400 1200 1000 200 GO0

END Test subject 1. U/

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 60O

T - 240 T 240 I 0
; LA 300 i 200 300
260 ; s {360 380

- 2 : 40 L P 3T L2 s

- 40 ' 480 440

540 540 540

500 600 500

860 660 860

20 720 720

780 780 7e0

START Tedt subject 2. /W

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600

4th Exercise Test subject 2. U/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 60D

EHND Test subject 2. A/

2800 2600 2400 2200 2000 1300 1600 1400 1200 1000 S00 GOD

; 240 ; _ 240 ; 240
i vettyy % 300 L oy o 300 i gy 300
! 260 l 380 ! 360
L 410 L 420 L 430
| 480 | 4s0 | 480
| 540 | 540 | 540
600 600 500
660 560 56D
72 720 720
780 730 7a0

START Tedt subject 3. /U/

E00 2600 2400 2200 000 1500 1600 1400 1200 1000 &00 600

4th Exercise Test subject 3. U/

2200 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 G600

END Test subject 3. U

2500 2600 2400 2200 2000 1300 1600 1400 1200 1000 &00 600

| & su’s -4 | Wt b | patly ol
i = 300 : 300 i 300
360 260 360
! = 470 420 ' 470
| 4gn 40 | 430
| 540 540 I b
600 &00 600
660 60 660
70 720 70
780 730 730

START Test subject 4. /0

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 600

4th Exercise Test subject 4. U/

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 GOD

END Test subject 4. 1/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 600

I 24 I 240 i 240
| | | me || B
L P 420 | 420 L 420
| 480 | 480 | 420
| 540 | 540 | 540
600 600 800

BE0 BED BED

T TI0 7w

- Ten Te0 a0

START Test subject 5. U/ 4th Exercise Test subject 5. U/ END Test subject 5. U/
2800 2500 2400 2200 2000 1800 1500 1400 1200 1000 500 60D 2800 2600 2400 2200 2000 1500 1600 1400 1200 1000 500 600 2800 2600 2400 2200 2000 1800 1800 1400 1200 1000 600 80D

; = 240 ; = 240 ; = 240
; 300 I 300 | -, 300
! it 260 L fa 260 ! - 360
L 410 L 420 ! 410
| 480 | 430 | 430
| 540 | 540 | 540
600 600 800

660 680 860

72 720 720

780 730 780




START Tedt subject 6. /U/

E00 2600 2400 2200 000 1500 1600 1400 1200 1000 &00 600

4th Exercise Test subject 6. U/

2200 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 60O

END Test subject 6. W/

2500 2600 2400 2200 2000 1300 1600 1400 1200 1000 &00 600

" - 240 : 240 " 240
| » 300 300 b 300
: 360 : 360 : - 360
¥ 4z0 - 420 420

| s A 430 ! 4 480 | E 24 480
| 540 | 540 | 540
800 800 800

660 660 a0

70 730 720

780 760 a0

START Tegt subject 7. /W)

300 2600 2400 2200 2000 1300 1600 1400 1200 1000 300 GO0

4th Exercise Test subject 7. U/

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 $00 60D

EHD Test subject 7. U/

2500 2600 2400 2700 2000 1800 1600 1400 1200 1000 &00 &OO

40 240 240
| - | + | )
I » 200 I N 5 300 I 200
. PP s [ & 360 E et 380
| e 420 L 430 | L) 430
| 430 ! 480 | 480
540 | 540 540
600 600 500
660 660 560
720 720 720
780 780 730

START Test subject 8. /W)

300 2600 2400 2200 2000 1300 1600 1400 1200 1000 300 GO0

4th Exercise Test subject 3. U/

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 $00 60D

EHD Test subject 8. U/

2500 2600 2400 2700 2000 1800 1600 1400 1200 1000 &00 &OO

I 240 I 240 240
I St 200 I Ay 300 200
| 260 F 360 F 260
| 420 L 430 | 430
| 430 ! 480 | 480
| 540 | 540 | 540
600 600 500
680 660 560
720 720 a0
780 T80 780

START Tesgt subject 9. /W)

300 2600 2400 2200 2000 1300 1600 1400 1200 1000 300 GO0

4th Exercise Test subject 3. U/

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 $00 60D

EHD Test subject 9. U/

2500 2600 2400 2700 2000 1800 1600 1400 1200 1000 &00 &OO

240 240 240
: A 200 : ha. o 300 : swd 200
| 260 F 360 F 260
| 420 L 430 | 430
| 430 ! 480 | 480
| 540 | 540 | 540
600 600 500
680 660 560
720 720 a0
780 T80 780

START Test subject10. U/

300 2600 2400 2200 2000 1300 1600 1400 1200 1000 300 GO0

4h Exercizse Test subject 10. U/

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 $00 60D

EHD Test subject 10, /W/

2500 2600 2400 2700 2000 1800 1600 1400 1200 1000 &00 &OO

I 240 I 240 I 240
i 200 F 300 i 4 200
: et 380 : 4{' 360 : £ 360
- 420 ; 420 420

| 430 ! 480 | 480
| 540 | 540 | 540
600 600 500

680 660 560

720 720 a0

780 T80 780

Xiv




Appendix F

Below appear the visualizations of the 10 treatnggatip members’ 10 averageus/-
vowels in the start test, thd' #xercise and in the end test. The values are ss@dein

Hertz.

START Test aubject 1. hus

2900 3600 2400 2200 2000 1200 1600 1400 1200 1000 200 60O

Jth Exercise Test subject 1. hUs

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 GOD

EHD Test subject 1. hUs/

2200 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 6OO

I 40 I 240 I 240
0 300 I 300 i 300
o 360 360 - 360

| Vviny | [ ™ i >
! 420 ' . 430 ' ¥ - P 420
| 450 | 480 | 430
| 540 | 540 | 540
00 G00 GO0
fifi0 BED fififl
70 TI0 T0
Ten Te0 a0

START Test aubject 2. hUs

2900 3600 2400 2200 2000 1200 1600 1400 1200 1000 200 60O

4th Exercise Test subject 2. hUs

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 GOD

EHD Test subject 2, hUs/

2200 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 6OO

I 40 I 240 I 240
aw truh 300 | L3, 200 L.~ 300

l 380 [ 360 [ 360
! 420 ! 420 ! 420
| 450 | 480 | 430
| 540 | 540 | 540
00 G00 GO0

fifi0 BED fififl

70 TI0 T0

Ten Te0 a0

START Test aubject 3. hus

2900 3600 2400 2200 2000 1200 1600 1400 1200 1000 200 60O

Jth Exercise Test subject 3. hUs

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 GOD

EHD Test subject 3. hUs/

2200 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 6OO

I 240 I 240 | = 240
4 300 ; 300 4 300

l e i 280 [ > (a 360 [ LT G 360
! 420 ! 420 ! 420
| 450 | 480 | 430
| 540 | 540 | 540
00 G00 GO0

fifi0 BED fififl

70 TI0 T0

Ten Te0 a0

START Test subject 4. his

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 800 60D

4th Exercise Test subject 4. hUs

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 &00 600

EHD Test subject 4. hUs/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 GOD

I e I 240 I 240
{ 300 ! 200 ; 300
[ T g 360 L “y 380 L ¥ 360
! % 420 | 420 ! 470
| 480 | 420 | 480
| 540 | 540 | 540
600 600 500
650 660 560
720 720 720
780 780 780

START Test subject 5. his

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 800 60D

4th Exercise Test subject 5. hUs

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 &00 600

EHD Test subject 5. hUs/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 GOD

240 — 240 240
: > 300 : e 300 : * S00
260 i 260 360
! = 420 ' 420 ' 430
| 480 | 420 | 480
| 540 | 540 | 540
600 600 500
650 660 560
720 720 720
780 780 780
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START Test subject 6. his

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 800 60D

4th Exercise Test subject 6. hUs/

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 &00 600

EHD Test subject 6. hUs/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 GOD

I e I 240 I 240
i 300 I 200 I o0
I — 260 i & 360 I = 360
- e & 430 - “. 420 - - ‘,:‘ 430
| 480 | 420 | 480
| 540 | 540 | 540
500 600 800
660 660 BED
730 730 730
780 780 780

START Test aubject 7. hUs

2300 2600 2400 ZZ00 2000 1500 1600 1400 1200 1000 800 60D

4th Exercise Test subject7. hUs

2200 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 G600

EHD Test subject 7. hus/

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 $00 GOD

! "," 360 “”- » 260 l “:" 360
| 420 420 | 2 420
| ag0 450 | ag0
| 590 540 | 540
600 &00 &00
660 60 860
720 710 i}
- 780 730 - 780
START Tet subject 8. hUs 4th Exercise Test subject 8. hUs EHD Test subject 8. hus/
300 2600 2400 F200 2000 1300 1600 1400 1200 1000 800 600 2200 2600 2400 2200 2000 1300 1600 1400 1200 1000 800 600 2500 2500 2400 2200 2000 1800 1600 1400 1200 1000 500 600
[ o I = 290 I 240
| 300 S 300 | 300
! .:"q' 360 ! = 260 [ 360
| 420 | 420 | 420
| ag0 ! 480 | ag0
| 590 | 540 | 540
600 600 &00
660 660 860
720 720 720
- 780 780 - 780
START Test subject 9. hUs 4th Exercise Test subjectd. hlls EHD Test subject 9. hus/
300 2600 2400 F200 2000 1300 1600 1400 1200 1000 800 600 2200 2600 2400 2200 2000 1300 1600 1400 1200 1000 200 600 2500 2500 2400 2200 2000 1800 1600 1400 1200 1000 500 600
[ o I 240 I 240
i F 200 ?‘ 300 i i 4 200
: 360 360 ; 360
| 420 420 | 420
| ag0 450 | ag0
| 590 540 | 540
600 &00 &00
660 60 860
720 710 i}
- 780 730 - 780
START Test subject19. hUs 4th Exercise Testsubject 10, /W s/ END Test subject 10, /W
2300 2600 2400 F200 2000 1300 1600 1400 1200 1000 800 600 2200 2600 2400 2200 2000 1300 1600 1400 1200 1000 800 600 2500 2500 2400 2200 2000 1800 1600 1400 1200 1000 500 600
[ o I 290 I 240
| = = | : = | —
| £ 420 | ‘.’ 420 | L] 420
| ag0 ! 480 | ag0
| 590 | 540 | 540
600 600 &00
660 660 860
720 720 720
780 780 780

XVi




Appendix G

Below appear the visualizations of the 10 contraugp members’ 10 average//
vowels in the start test, th& éxercise and in the end test. The control group mesver
exposed to The Vowel Game’s real-time visual feekbdhe values are expressed in

Hertz.

START Reference aubject11. W/

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600

4th Exercise Reference subject 11, /U

2300 2600 3400 F200 2000 1800 1600 1400 1200 1000 &00 GO0

END Reference subject 1. A/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 60D

240 240 240
+

300 300 300

b 280 o s e Y W i
430 420 430

480 430 480

540 540 LT

G00 600 600

BED BED BED

T 720 TI0

Tan 720 720

START Reference subject 12, U/ 4th Exercise Reference subject 12, /U EHD Reference subject 12. U/
2300 2600 2400 2200 2000 1300 1600 1400 1200 1000 800 GO0 2300 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 600 2300 2600 2400 2200 2000 1800 1600 1400 1200 1000 &00 GO0
140 240 240
" gFAF ety

£% A% 300 & 300 ¥ a0

360 360 360

410 420 420

420 480 az0

540 540 690

600 G00 GO0

BED GED BE0

70 70 720

T80 7a0 780

START Reference subject13. W/

2200 2600 2400 2300 2000 1200 1600 1400 1200 1000 200 600

4th Exercise Reference subject 13, /0

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 &00 600

END Reference subject 13, U/

2900 3600 2400 2200 2000 1200 1600 1400 1200 1000 200 6OO

240 240 240
o 300 300 = 300
360 - i 360
e & o S
- 41 = 420 = 420
480 480 450
540 540 540
500 600 500
660 660 560
] 720 720
780 50 780

START Reference subject 14. U/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 600

4th Exercise Reference subject 14 )/

2200 2600 2400 2300 2000 1200 1600 1400 1200 1000 200 G600

END Reference subject 14. U/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 GOD

240 240 240
Twtres |, ha/Sd S B GRS 300
360 260 360
430 420 420
480 430 430
540 540 540
800 800 800
BE0 fifi0 BB0
T T 0
Ten Te0 T80

START Reference subject 15. W/

E00 2600 2400 2200 000 1500 1600 1400 1200 1000 &00 600

4th Exercise Reference subject 15 /W/

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 GOD

END Reference subject 15, U/

2300 2600 2400 2200 2000 1300 1600 1400 1200 1000 &00 GO0

240 240 240
300 300 300
T T e I3 360 B 360
Yoy el
40 420 420
480 420 430
40 G40 G40
f00 600 GO0
560 560 560
70 720 720
780 a0 740
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START Reference subject 16. W/

E00 2600 2400 2200 000 1500 1600 1400 1200 1000 &00 600

4th Exercise Reference subject 16, U/

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 GOD

END Reference subject 16, U/

2300 2600 2400 2200 2000 1300 1600 1400 1200 1000 &00 GO0

; . 240 ; 240 ; . 240
i it 300 I + &“ + 300 I ﬂ- 300
360 | 360 360
! 42 ! a2 ; 41
| 4z0 | az0 | 480
| e i i | 540
600 600 500
660 660 860
71 720 70
780 780 780

START Reference subject 17. U/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 600

4th Exercise Reference subject 17, /W

2200 2600 2400 2300 2000 1200 1600 1400 1200 1000 200 G600

END Reference subject 17. U/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 GOD

240 240 240
: R 300 : id AL 300 : T et 300
| 360 F 260 | 260
! 42 | 420 ! 420
| 480 ! 430 | 430
| 540 | 540 | 540
600 o0 500
GED A0 :1:11)
T2 TI0 a0
rapn Ta0 780

START Reference aubject 18, U/

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600

4th Exercise Reference subject 18, /0

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 60D

END Reference aubject 18, U/

2800 2600 2400 2200 2000 1300 1600 1400 1200 1000 S00 GOD

; i 240 . = 240 ; = — 240
i ~ 300 I 300 I 300
; -~ 380 + - 360 I - 360
L ES 410 L LAY 420 L L2 430
| 480 | te 450 | it 480
| 540 | 540 | 540
600 600 500
660 560 560
720 720 720
780 720 780

START Reference subject 19. W/

2200 2600 2400 2300 2000 1200 1600 1400 1200 1000 200 600

4th Exercise Reference subject 19, /U/

2500 2600 2400 2200 2000 1800 1600 1400 1200 1000 &00 600

END Reference subject 19, U/

2900 3600 2400 2200 2000 1200 1600 1400 1200 1000 200 6OO

I 240 I 240 I 240
i - 200 | 200 | 200
E F 4 o 360 L 260 E 360
| S 4 | 420 | ol a1
! ¢ agn | 480 ! e as0
| 540 | 540 | 540
500 600 500
660 660 560
] 720 720
780 50 780

START Reference subject 20. U/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 600

4th Exercise Reference subject 20, U/

2200 2600 2400 2300 2000 1200 1600 1400 1200 1000 200 G600

END Reference subject 20. U/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 GOD

; - 240 ; 240 ; 240
. . 2
| e | | ||| e —
! 42 | 420 ! 420
| 480 ! 430 | 430
| 540 | 540 | 540
600 600 500
BE0 fifi0 BB0
T T 0
Ten Te0 T80




Appendix H

Below appear the visualizations of the 10 contmaugp members’ 10 averagbu/s/-
vowels in the start test, th& éxercise and in the end test. The control group mesver
exposed to The Vowel Game’s real-time visual feekbdhe values are expressed in

Hertz.

START Reference subject 11, hUs'

2900 3600 2400 2200 2000 1200 1600 1400 1200 1000 200 60O

4th Exercise Reference subject 11. /s

2300 2600 2400 2200 2000 1300 1600 1400 1200 1000 300 600

EHD Reference subject 11. /W s

2200 2600 2400 2300 2000 1200 1600 1400 1200 1000 200 GO0

40 240 240

300 300 300

"'1" 260 & :,_, = 360 _';,“«_ 260
S 420 420 420
480 480 480

540 540 540

00 &00 GO0

fifi0 BE0 fifi0

70 TI0 TI0

Ten a0 Tl

START Reference subject 12, hUs'

2900 3600 2400 2200 2000 1200 1600 1400 1200 1000 200 60O

4th Exercise Reference subject 12, /s

2300 2600 2400 2200 2000 1300 1600 1400 1200 1000 300 600

EHD Reference subject 12, /W s

2200 2600 2400 2300 2000 1200 1600 1400 1200 1000 200 GO0

40 240 240
i 00 & 300 T, 00
360 L 360 360
420 420 420
480 480 480
540 540 540
00 &00 GO0
fifi0 BE0 fifi0
70 TI0 TI0
Ten a0 Tl

START Reference subject13. hUs'

2900 3600 2400 2200 2000 1200 1600 1400 1200 1000 200 60O

4th Exercise Reference subject 13. /s

2300 2600 2400 2200 2000 1300 1600 1400 1200 1000 300 600

EHD Reference subject 13 /W s

2200 2600 2400 2300 2000 1200 1600 1400 1200 1000 200 GO0

40 240 240
300 - 300 A~ 300
380 360 LN 380
40 *s 3 430 e 420
+a ¥ i
450 4 430 o 480
540 540 540
00 &00 GO0
fifi0 BE0 fifi0
70 TI0 TI0
Ten a0 Tl

START Reference subject 14, hUs/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 800 60D

4th Exercise Reference subject 14, /s

2300 2600 3400 F200 2000 1800 1600 1400 1200 1000 &00 GO0

END Reference subject 14 /W s

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 60D

240 240 240
S 300 * ‘,:" + lanp ar 300
380 4 360 360
420 420 420
480 420 430
540 540 LT
600 GO0 600
BED G60 BED
70 70 TI0
a0 70 0

START Reference subject 15, hUs/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 800 60D

4th Exercise Reference subject 15, /s’

2300 2600 3400 F200 2000 1800 1600 1400 1200 1000 &00 GO0

END Reference subject 15 /W s

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 60D

240 za0 240
- F B -
-
420 st} 420 253 420
4z am a4z
540 540 540
500 500 500
580 560 560
720 T T;
730 a0 a0

XiX




START Reference subject 16. hUs/

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 800 60D

4th Exercise Reference subject 16. /s’

2300 2600 3400 F200 2000 1800 1600 1400 1200 1000 &00 GO0

END Reference subject 16 /W s

2800 2600 2400 2200 2000 1200 1600 1400 1200 1000 200 60D

240 2d0 240
300 200 = 300
!" 3 360 = 260 i id 360
430 & 420 470
480 2 420 480
540 540 540
600 800 600
660 &0 660
720 720 730
780 780 780

START Reference aubject 17, hUs

2300 2600 2400 ZZ00 2000 1500 1600 1400 1200 1000 800 60D

4th Exercise Reference subject 17, /s

2800 2600 2400 2200 2000 1800 1600 1400 12001000 200 600

END Reference subject 17. /W s

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 GOD

240 240 240
P 300 TE 2 300 " b 300
380 * 260 2 - 360
420 420 £ 420
480 480 4s0
540 54 540
600 500 600
680 560 680
720 720 720
780 780 780

START Reference aubject 18, hUs

2300 2600 2400 ZZ00 2000 1500 1600 1400 1200 1000 800 60D

4th Exercise Reference subject 18, /s

2800 2600 2400 2200 2000 1800 1600 1400 12001000 200 600

END Reference subject 18, /W

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 GOD

240 240 240
Ll e 300 = 300 300
- 380 ty 260 “* 360
s 410 x ,:-:v 420 e 420
480 480 480

40 54 640

600 600 600

660 860 6D

720 720 720

780 780 780

START Reference aubject19. hUs

2300 2600 2400 ZZ00 2000 1500 1600 1400 1200 1000 800 60D

4th Exercise Reference subject 19, /s

2800 2600 2400 2200 2000 1800 1600 1400 12001000 200 600

END Reference subject 19, /W

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 GOD

240 240 240
200 300 200

360 260 360

3 430 - 420 42
.'-,' 480 € il 480 *8 430
440 540 440

600 500 600

660 860 660

720 720 720

780 780 780

START Reference aubject 20. hUs

2300 2600 2400 ZZ00 2000 1500 1600 1400 1200 1000 800 60D

4th Exercise Reference subject 20, /s

2800 2600 2400 2200 2000 1800 1600 1400 12001000 200 600

END Reference subject 20. /W

2500 2600 2400 2200 2000 1500 1600 1400 1200 1000 00 GOD

240 240 240

- 300 300 300
i 360 .'E 360 ,;‘ 360
4z 420 4z

430 40 am

540 540 50

500 500 500

680 860 660

T2 T T

780 a0 a0
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Appendix |

Vokaalipelin testihenkilokaavake:

Nimi:

Ika:
Ylioppilaaksitulovuosi:

Ylioppilaskirjoitusten paikkakunta:

Kylla: Ei: Lisétietoja:

Ruotsinkielinen tausta: 0 0
Normaali kuulo: 0 0
Normaali nako: 0 0
Normaali puhe: O O
Testiosio: PVM:

ALKUTESTI + 1. harjoittelukerta:

Kello:

2. harjoittelukerta:

3. harjoittelukerta:

4. harjoittelukerta + LOPPUTESTI:

Taytetaan 4. laboratoriokaynnin jalkeen:

PVM:

Elokuvalippu kuitattu:

Testihenkilon allekirjoitus

XXi



Appendix J

Vokaalipelin testauksen palautekaavake

Kaavake taytetdan kun kaikki 4 laboratoriokayntigsaoritettu.

1) Oliko testien ohjeistus mielestasi selkea?
Erinomainen Hyva Keskinkertainen Heikko Taysin surkea
U U U U U
2) Millaisena pidit testien kiinnostavuustasoa?
Erinomaisena Hyvana KeskinkertaisenaHeikkona Taysin surkeana
O 0 O 0 O

3) Millaisena pidit palkkiota suhteessa kaytettgykaan?

Erinomaisena Hyvana KeskinkertaisenaHeikkona Taysin surkeana

U U U U U

4) Testeja voisi kehittdd/monipuolistaa/ohjeigiaeemmin.

Taysin Jokseenkin En Hieman Taysin

samaa samaa osaa eri eri

mielta mielta sanoa mielta mielta
O O 0 O O

5) Opin testien kautta uutta.

Taysin Jokseenkin En Hieman Taysin

samaa samaa osaa eri eri

mielta mielta sanoa mielta mielta
O O O O O

KAANTOPUOLELLE VOI KIRJOITTAA KOMMENTTEJA/MUUTA
PALAUTETTA TESTEISTA (esim. pelin kayttoliittyméastins. testiin liittyvasta):
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KOMMENTTEJA/PALAUTETTA:
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